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INTRODUCTION

The objectives of 1he Post-burn feeding surveys discussed in this chapter were to determine the feeding patterns

of black rhino immediately after burns (before vegetation flush); and during the Post-burn vegetation flush.

This chapter addresses the following questions:

* o black rhino change their habitat or species selection because of burns?

* Do they preferentially seek unbumt patches to feed in, or do they feed more on burnt material?

Particular concern was expressed about the possible negative impact of burning on black rhino at a Natal Parks
Board meeting in 1988 (Anon 1988). Burning is an important management tool; and fire may alter the distribution
and quality of black rhino food in both the short and long term. Natal Parks Board managers werg therefore keen
to determine the likely impact of burning on btack rhino, However, readers keen to get to the "so-what" section
discussing the implications of burning on black rhinos must be patient as this current chapter focuses on the results
of 1he Post-burn surveys. The effects of fire on the vegetation, and the implications of burning for black rhino are

discussed in more detail in later chapters (15, 16, 20, 21 & 22).

CAVEAT

Readers shouid bear in mind that Post-burn feeding patterns also represent ate dry season and early spring feeding
patierns, so that differences in feeding compared to the Grid and Pilot surveys are not due to the influence of burns

alone,
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In the Post-bum surveys, the term burn infensity is used in a different way to how it is normally used. Burn
intensity is usually expressed in KW m™ (Van Wilgen & Wills 1988, Van Wilgen ef al. 1990). However, in the
Post-bumn sugveys, burn intensity was assessed in terros of how "clean" the burn was (i.e. how much biomass
remained unburnt), The Post-burn surveys therefore do not distinguish between cooler back burns and hotter head
fires. Both types of firc have the potential to remove all above ground biomass (and be rated as severe using the
Post-burn survey method); yet these fires have very different patterns of vertical heat distribution and scorching.
In turn these differences in fire behaviour may differentially affect palatability of browse on the plots. Never the

less the burn severity scale used in the Post-burn surveys will still crudcly reflect fire severity.

Offtake levels recorded in the Post-burn surveys were much lower than in the Grid surveys for a number of reasons:

1) The recorded Post-burn black rhino feeding occurred over a much shorter time period than

in the Grid and Pilot surveys.

2) As a result of the need to measure a large number of plots, search effort could not be as great

as in the Grid and Pilot surveys.

3) By using a bigger transect width (= 4m either side of the transect line in the Post-burn
surveys; compared to + 2.5m in the Grid survey and +2m in Pilot surveys) the probability of not

secing feeding towards plol edges increased.
Thus one cannot directly compare absolute offtake levels between the Post-burn surveys and either the Pilot or Grid

surveys. However, as in the Grid surveys, an effort was made to increase search effort whenever visibility declined.

One can therefore comparc relative offtake levels in different habitats using the Post-bumn data.
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GENERAL FEEDENG PATTERNS AND SPECIES SELECTION IMMEDIATELY POST- BURMN AND
DURING THE POST-BURN FLUSH IN HLUHLUWE

GENERAL FEEDING PATTERNS

In the first ITluhhuwe Post-burn survey, ten routes were walked in two parts of Hluhiuwe north - the
Hlaza/Nkwakwa and Manzimboemvu areas (Figure 4.4). The Sisuze, Nhlayinde and Manzimnyama areas of the

Grid study arca were not covered in this survey:

o0 Black rhino feeding was more frequent and intensive in burnt than in unburat patches in the
Ilaza/Nkwakwa region, Feeding patterns were similat in burnt and unburnt patches of

Manzimbomvu (Table 9.1).

© Overall, during the period soon after the burns, 28% more feeding per hectare occurred in
burnt areas (23 bottles/ha) than in unburnt ones (18 bottles/ha), In the month following burns,
Hluhluwe North's hlack rhino were clearly not being forced to feed only in unhurnt areas

and foresi patches.

The second and main Hluhluwe Post-burn survey covered the whole study area (Figure 4.6), examining immediate
post-burn fecding, and feeding during the later post-burn flush peried. Unless otherwise stated, reference to the

Hluhluwe Post-bum survey refers to this main survey:

© The distribution of feeding in the Hluhiuwe study area changed slightly over time after the
burns (Figure 9.1), although the general patterns were similar. Immediately post-burn, black
rhino feeding levels in the Manzimbomyvw/Hidli Vlei, and the upper paris of Hlaza hill, were
higher than during the post burn flush. This may be related to grass interference, as grass length

increased rapidly in these areas during the flush period (see also Figure 8.19).
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Figure 9.1. Distribution of black rhino feeding at different times after burns
{based on feeding data from post burn surveys of N Hluhluwe, interpolated by
uncontrolled Kriging).

A: Up to 1 month after burns

B: 1 to 3 months after burns







Table 9.1: Summary data for First Hiuhluwe Post-Burn Survey.

% of plots burnt
% with feeding: BURNT
% with feeding: UNBURNT
Bottles eaten / hectare:
BURNT
UNBURNT

HLAZA/NKWAKWA

60%
29%
16.5%

26.7
16.6

MANZIMBOMVU

68%
19%
21 %

20.6
19.9



SPECIES COMPOSITION OF THE POST-BURN DIET COMPARED WITH FEEDING AT OTHER

TIMES

Figures 9.2 to 9.6, graphically contrast the proportional composition of the woody diet after burns with other survey

pcriéds All species shown made up at least 1.75% of the woody diet in one of the four periods.

Table 9.2 gives the percentage contribution to the woody diet of specics browsed immediately post-burn on the first
Hluhluwe Post-burn survey (covering part of the study area only). Tables 9.3 and 9.4 respectively show immediate
post-burn, and post-burn flush, dietary composition over the entire study area, based on the results of the second

Posi-burn survey.

Table 9.5 examines the contribution to Hluhluwe post-burn woody diets of each species, split up according to

browsing on hurnf compated 10 unburnt trees.

The Fuphorbiaceae dus S.africana (10.01%) and A. glabrata (12.45%) were indicated as key post-bum period foed

species. "Acacia" species contributed a further 38.68% of the Hluhluwe shudy area post- burn dicL

Z.mucronata, Drotundifolia, Ljavanica, D.lycicides, K floribunda and E. divinorum were only eaten in any

quantity immediately afier the burns (Figure 9.2).

Z.mucronata, was classed as intermediate in acceptance in the God survey where it accounted for 1.23% of the
total woody diet. Soon after the burns feeding levels on this species increased in importance to account for 7.10%

of the total woody diet. Thereafier, it returned to previous levels (1.86%).

Similar brief increases in browsing importance i mmediately post-burm were recorded for L javanica (Grid 0.41%
, Post-burn 4 .07% Flush 0,66%) , D.rotundifolia (Grid 0.81%, Post-burn 3. 78%, Flush 1.74%), E. divinorum (Grid

0.00%, Post-burn 3.56%, Flush 0.00%), and possibly for D.fycicides (Grid 0.84%, Post-burn 1,92%, Flush 0.66%).
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FIGURE 9.2
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Table 9.2

PERCEMTAGE CONTRIBUTION QF EACH SPECIES TO TOTAL WOODY BROWSE QFFTAKE
IMMEDIATE POST BURH BROWSING - FIRST HLUHLUWE POST-BURN SURVEY
(NB. Not all af Hluhiuwe Grid Study Area Surveyed in First Post Burn Survey)

Species % Browsing

Acacia karroo 37.10
Diospyros lycioides 11.30
Spirestachys atricana 7.20
Dichrostachys cinerea 5.80
Acacia robusta 3.40
Dombeya rotundifalia 3.40
Rhus pentheri 3.40
Maytenus Nemorosa 3.20
Acalypha glabrata 2.60
Solanum mauritianam/giganteum 2.10
Lippia javanica 1.%90
gerchemia zeyheri 1.70
Heteropyxis natalensis 1.50
Diospyras simii 1.40
Dombieya burgessiae 1.40
2izyphus mucronata 1.40
Acacia nilotica 1.30
Dovyalis caffra 1.30



Table 9.3

PERCENTAGE CONTRIBUTION OF EACH SPECIES TO TOTAL BROWSE OFFTAKE
HLUHLUWE GRID STUDY AREA - [MMEDREIATE POST BURN FEEDING
(OLD BOTTLES EATEN IN THE MAJOR 1990 HLUHLUWE POST-BURN SURVEY)

Species % Browsing
Acacia karroo 20.31
Acalypha glabrata 11.45
Spirastachys africana ¢.21
Rhus pentheri 8.57
Ziziphus mucronata 7.10
Acacia nilotica 604
Dichrostachys cinerea 5.13
: Lippfa javanica 4.07
! Dombeya rotundifolia 3.78
' Euclea divinorum 3.5
Kraussfia floribunda 3.10
Acacia caffra 2.72
Solanum spp. 1.98
Diospyros lycioides t.92
Ozorpca engleri 1.31
Acacia burkei 1.18
Plectrioniella armata 1.03
Acacia spp. .o
Maylonus nemorosa 1.00
! Acacia robusta .82
Euclea racemosa i
Berchemfa zeyheri .76
Coddia rudis .59
vernonia subuligera AT
Acacia gerrardii . .35
Dombeya hurgessiae .35
Maytenus senegalensis .35
i Crotolaria capensis 26
i Celtis africans L7
{ Galpinia transvaalica 17
Dalbergia armata 13
Rhoicissus tridentata .10

Euclea crispa .03



Table 9.4

PERCENTAGE COMTRIBUTION OF EACH SPECIES TO TOTAL BROWSE OFFTAKE
HLUKLUWE GRID STUDY AREA - POST BURH FLUSK FEEDIMG
(NEW BOTTLES EATEN IN THE MAJOR %90 HLUHLUWE POST-BURN SURVEY)

Species % Browsing

Acacia karrco 20.73
Rhus pentheri 13.84
Spirostachys africana 13.72
Acacia caffra 11.43
Acacia nilotica 7.1%
Dichrostachys cinerea 4.76
Berchemia zeyheri b 48
Acalypha glabrate : 4.29
Maytenus heterophylla 2.55
Plectrioniella armata 2.18
2iziphus mucronata 1.85
Oombeya rotundifolia 1.74
Acacia schweinfurthii 1.50
Adenopodia spicata 1.34
Diospyros simid 1.15
Phyllanthus reticulatus 92
Diopspyros lycioides b6
Lippia javanica .56
Solanum spo, .61
Kraussia floribunda .51
Maytenus nemorosa .50
Unknown YA
Ozoroa engleri A2
Ochna natalitia .33
Capparis sepiaria .25
Ficus spp. .25
Justizia sufritescens .25
Maytenus scnegalensis .25
Rhus rehmanniana .23
Bersama Lucens .19
Dalbergia armata .19
Dombeya burgessiae 19
Ormocarpum trichocarpum .16
Rhoicissus tridentata 13

Acacia burkei .09



Table 9.5

HLUHLUWE GRID STUDY AREA - [MMEDIATE POST-BURN ANG PDST-BURN FLUSH WOODY DIETS

{57.99% of recorded eating = Post-Burn Flush; A8.13% of lmmediate Post-Burn Offrazke on burnt trees
56.97% of Post-Burn Flush offtake on burnt trees; 2.44 times more offtake on paths yet paths only
made up an estimated 47.84% of total sample transect length.)

Species/Burn X Immediate Post-Burn Diet ¥ Post-Burn Flush Diet
Burnt Acacia karroo 18.42 17.70
Unburnt Acalyphs glabrata 11.32 2.52
Burnt Rhus pentheri 7.48 7.88
Unburnt Spirostachys africana 6,94 12.74
Burnt Ziziphus mucronata &8.75 .25
Burnt Acacia nilotica 6.06 5.94
Burnt Dichrostachys cinerea 5.13 2.58
Burnt Dombeya rotundifolia 3.78 1.5D
Burnt Euclea divinorum 3.56

Burnt Lippfa javaniea 3.19 .25
Burnt Acacia caffra 2.72 11.43
Burnt Spirostachys africana 2.27 .98
Unburnt Acacia karroc 2.09 3.0%
Burnt Kraussia fleribunda 1.74 .13
Burnt Diespyros lycioides 1.39 A
Unburnt Kraussia floribunda 1.35 .38
Burnt Solanum spp. 1.31 .16
Unburnt Ozoroa engleri 1.31 4
unburnt Acacia burkei 1.18

Unburnt Rhus pentheri 1.09 5.96
Burnt Acacia spp. 1.01

Unburnt Maytenus nemecrosa 1.00 .20
Unburnt Lippfa javanica i .88 41
Unburnt Berchem{a zeyheri 76 4.23
Burnt Plectrioniella armata 6B .19
Unburnt Solanum =pp. .65 A
Unburnt Euclea racemosa .3

Unburnt Coddia rudis 59

Burnt Acacia robusta .36

Unburnt Diospyros lycieides .52 .25
Burnt Vernonia subuligera A7

unburnt Plectrionietla armata .35 1.99
Unburnt Ziziphus mucronata .35 1.61
Burnt Maytenus senegalensis .35 .25
Burnt Dombeya burgessiae .35 .19
Burnt Acacia gerrardii .35

Unburnt Acacia robusta .26 .
Unburnt Crotolaria capensis .26

Burnt Galpinia transvaalica A7

Unburnt Celtis africana A7

Burnt Euclea racemasa I A

Burnt Acalypha glabrata 13 1.77
Unburnt Dalbergia armata A3 .19
Burnt Rhoicissus tridentata .10 .13
Burnt Euclea crispa 03

Unbuent Dichrostachys cinerea 2.19
Burnt Maytenus heterophylla 2.05
Unburnt Acacia schuweinfurthii 1.50
Unburnt Adenopodia spicata 1.69
Unburnt Diospyros simii .99
Unburnt Phyllanthus reticulatus L6
Unburnt Maytenus heteropbyila 50
Burnt Ochna natalitia .33

Burnt Adenopodia spicata .25



Most recorded feeding on Euclea species in the Hluhluwe study arca took place soon after the burns. Euclea
species, and especially E. divinorum, made up 4.77% of the feeding soon after the burns in Hluhluwe, 1n contrast
Euclea species made up only 0.62% of the Hluhluwe Grid Survey diet. R.pentheri and P.armaia browsing
increased after the burns to reach a peak during the post-burn/early season flush period - before declining to low
levels for the rest of the year (Figure 9.3). The highest level of AL heterophy!la browsing also occurred during the

flush period.

Rhus pentheri became the third most importani species eaten in the post burn flush period (14.60% of the diet).
Reasons for this may be that this species was one of the first to flush that year, and acted as a stop-gap "filler” tili
other species flushed. The increasing use of R. pantheri aficr the burns occurred mainly in the southern reaches of
the study area (Figure 9.7), where this species averaged 1.5 to 3.5m in size, and was often slightly but not badly
burnt, 1t appeared Lo be morc available to rhino than clsewhere (cg. in the mtler woodlands of A.nilotica,
E racemosa and B.zeyheri). By way of contrast, R.pentheri only accounted for just less than 1% of total browsing

in the Grid survey (sumimer),

A.karroo and A.nilotica were important dietary items throughout the year, but were more heavily browsed during

the post burn and post-burn flush period than later in the growing season (Figure 9.4)".

InHluhluwe, 4.karroo contribuied the most to immediate post-burn and post-burn flush diet. After the burns, black
rhino chose to feed more in more open areas where the favoured size classes of this species predominated. 4. karroo
is also one of the first species to flush; and the high feeding Icvels on this species at this time may in part be

function of A.karroo's greater accessibility after burns, as fire had removed grass interference.

A.nitotica showed a similar pattern to A.karroo of declining dietary importance as the season progresses. In the

study area A.nilotica declined in importance from the post- burn flush period (7.58%) to late summer (3.21%).
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B.zeyheri, Croton sylvaticus, M.nemorosa, A.gerrardii, Abutilon/Hibiscus species and S.africana were eaten less
afier the burns, but contributed most (ever half of recorded eating) to the winter/early summer diet (Grid survey-

Old bottles- see Figure 9.5).

High levels of 4. caffra browsing were recorded during the post- burn/early season flush period, and also during

late suminer. A.robusta and . pauciflorus were also important contributors to the late summer woody diet (Figure

9.6).

D .cincrea was not as important a post-burn dietary item as A, karroo, although it did account for 5-6% of the
Hluhluwe diet during the post-burn period. This contrasted with late summer where its contribution to the diet
increased, and it became more important in the diet than 4.karroe. A possible explanation is that D.cinerea has
a very wide ecological tolerance, and is more widespread than 4. karroo, and is often found and browsed in shorter

grass areas (on hill crests and in developing woodlands). It is also one of the latest of the "deacias® (o flush.

In the Hluhluwe Grid survey, 4.caffra was classed as an important dictary item (5.2 1% of the woody diet) that was
intermediate in acceptance (Frec Preference Index 0.92). Scon after the burns, feeding levels on this species
declined (2.62% of the immediaie post-burn woody dict. However, duning the post-burn/early season flush period,
feeding on 4,caffra increased substantially, so that it became the fourth most imporant species making up 11.43%
of the diet. 4. cqffre flushed prolifically after the burns, making it one of the most abundant food sources in the
northern part of the study area at that stage of the season. This, combined with reduction in grass interference from

the burns, may account for its increased importance at that time.

In Hluhluwe a much larger proportion of the post-burn woeody diet was made up of species which were
classified as rejected at other times of the year, 30.55% of the immediate post-burn woudy diet of the Main
Post-burn survey was made up of these rejected specics (This figure was 25% for the first Post-burn survey,
The percentage declined to 17.83% of the post-burn flush diet against only 6.80% of the Grid survey diet.
Examples of such species include R. pentheri, L javanica, E.divinorum, K floribunda, D.rotundifolia, D.lycicides,

Qzoroa engieri, Plectroniella armata, E.racemosa, Vernonia subuligera, M.senegalensis, Rhoidissus tridentata,
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E.crispa, Phyllanthus reticulatus, Ochna natalita, Rhus rehmanniana and Rhoicissus tridentata.

The question is : Why did browsing of unpalatable species increase during the early growing season post-bum flush

period?

Condensed tannin concentrations tend to be higher in the leaves of unpatatable species than in
the foliage of palatable deciduous species, or relatively palatable evergreens (Cooper ef al. 1985).
A threshold concentration of condensed tannins equal to 5% of dry mass appeared to distinguish
between palatable and unpalatable species during the mature leaf phase (Cooper e/ al. 1985).
Tannins reduce digestibility by forming complexes with proteins which inhibits the action of
digestive action of proicolytic enzymes (Owen-8mith 1982). A study of browsing by kudu,
impala and goat in a savaana area found that eady in the wet season, certain normally
unpalatable species became highly acceptable (Owen-Smith & Cooper 1987); yet levels of
condensed tannins were no lower than they were in matwre leaves of these specics (Owen-Sinith
& Cooper 1988). However, they showed that otherwise unpalatable species were favoured at the
start of the wet season because protein levels were elevated in young foliage relative to tannin
contents (Owen-Smith & Cooper 1938, Cooper ef gf. 1988). Similar reasons may account for the
increascd browsing of unpalatable species by biack rhino during the early growing season period.
(Of the “Acacias”, A.karroo and A.nilotica have amongst the highest of condensed tannin levels
(Owen-Smith pers. comm,), and it is intcresting that feeding on these species increased during

the post- burn period).

Figure 9 7 summarises the composition of immediate post-bum and post-bumn flush feeding in different parts of
the Hluhluwe study area. It shows that A.Jarroo and A.caffra dominate the diet in the north of the area, while

R pentheri and S.africana dominate the dict in the south after burns.
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FIGURE 9.7
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IMMEDIATE POST-BURN FEEDING PATTERMS IN UMFOLOZI

GENERAL FEEDING PATTERNS IN UMFOLOZI

Five routes within the Umfelozi study area were surveyed in areas where burns had been put in (Figure 4.5). One
of these routes was entirely unbarnt (Thobothi-Mbhuzane). Interestingly only 24.8% of plots m areas where burns
were put in, were actually burnt in 1989. As relatively little feeding was encountered in the study area, additional
plots were surveyed near permanent water sources outside but near the study area, where feeding was more intense.
Only 550 Post-burn survey plots and about 55,000 trees were sampled in Umfolozi, compared to the 2,381 plots

and about 694,000 trees sampled in the two Hluhluwe Post-burn surveys.

Within the study area, 12.7% of burnt plots contained feeding; while 14.3% of unbumt plots contained feeding.
However, in burnt plots, 18 bottles /ha were caten as opposed to 11.5 bottles'ha in unbumt plots. Thus on average,
the feeding intensity was greater in burnt patches. (The bottles eaten at this time of year in Umfolozi were less
than those eaten in Hluhluwe, as many black rhino had moved out of the Umifolozi study area during the Post-bum

survey due to lack of water).

Feeding intensitics on the "burmt” routes were contrasted with the one route that was 100% unburnt. Along bummnt
routes, 13.9 % of plots had feeding, al an intensity of 13.1 bottles /ha, while 11% of plots had feeding at 6.9

botties/ha ajong the unburnt Thobothi-Mbhuzane route.
SPECIES SELECTION IMMEDIATELY POST-BURN IN UMFQLOZI

Table 9.6 summarises the woody species browsed during the first September immediate Post-burn survey:
0 Spirestachys africana dominated the black rhinos' diet at this time (36% of the diet, compared to about 25% in

summer), with microphylious species receiving correspondingly less feeding attention than at other times of vear.
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Table 9.6

PERCENTAGE CONTRIBUTION OF EACH SPECIES TO TOTAL WOODY BROWSE OFFTAKE

IMMEDIATE POST BURN BROWSING - UMFOLOZI POST-BURN SURVEY page 1
(KB. Wot all af Umfolozi Grid Study Area was surveyed in fhis survey
Sampling also favoured sites close to and far from permanent water.)

Species % Browsing

Spirostachys africana 35.70
Schotia capitata 5.80
Pappia capensis ) 5.60
Maytenus nemorasa 3.30
Solanum mauritianom/giganteum 5.60
Acacia tortilis 4.30
Acacia grandicornuta 3.20
Coddia rudis 2.90
Commiphora neglecta 2.50
Acacia niletica 2.20
Azima tetracantha 2.20
Ormocarpum trichocarpum 2.10
Acacia karroo 2.00
Dichrostachys cinerea < 140
Pscudoasparagus 5pp. 1.30
Acacia borleae .10
Acacia gerrardii 1.10
Ehretia rigida/amoena 1.10
Euclea unduiata 1.10

Sideroxylon inerme 1.10



© M. nemorosa, S.capitata, P.capensis and F.undulata accounted for 17.8% of recorded offtake immmediately post-
burn, which was nearly three times that recorded in the Grid survey (6.75%). This suggests that in Umiblozi, black
thino feed more in thicket and bush-clump vegetation immediately after the burns {or in late winter) than they do

at other times of the year.

0 Unpalatable Fuc/ea specics were noted as occasionally being quite heavily eaten in Umfolozi immediately post-
bum. West of Mbulunga, Euclea undulata contributed 13% of feeding. Browsing was also noted on burnt

E.divinorum at Sontuli ioop; although i this case the browsed trees werce ouiside the survey transects.

EFFECT OF WATER DPISTRIBUTION ON POST-BURN FEEDING IN UMFOLOZI

o Feeding intensity and frequency were strongly related to the presence of water at this time of year. Routes
adjacent to a permanent water supply (Sontuli, Thobothi sircam area) had on average 21 7 bottles/ha eaten, while
feeding near water-hotes (Nqutshini road crossings; Mpapha hide) was 54 .6 bottles/ha. Mean offtake was only 4.7
bottles/ha in arcas further from water (eg Gqoyini). Black rhino appeared to have concentrated near water during
this survey. Water distribution {and related spizes composifion) in the drier Umfolozi thle refore influenced

late dry-season habitat suitability more than whether or not plots had been burnt,
To some extent, the distnbution of rhine near to drainage lines at this ttme of year may also reflect the fact that

plants (via the soils) retain more moisture in these areas, and are more succulent and palatable than the same

specics further from water, providing some "green bite" during the dry scason.
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FEEDING PATTERMS DURING THE POST-BURN PERIOD TN HLUHLUWE, IN RELATION TO
HABITAT STRUCTURE AND COMPOSITION

All parts of the Hluhluwe Grid study area were covered in the main Hlubhluwe Post-burn survey. The 1 687
(50x81n) plots were analysed using both Continuous and Categorical Formal Inference-based Recursive Modelling
(CONFIRM and CATFIRM, Hawking 1990). FIRM is a largely assumption-free method of exploring the
relationship between a dependent variable and a set of predictors. The data set 15 partitioned into two to four
groups defined by a range of values of one of the predictors. Each of the successor groups is in turn simitarly
purtitioned into two or more groups defined by ranges of values of one of the predictors. The analysis continues
until some termination rule indicates that none of the sub-groups can be split further. Each split is designed to
create further nodes which ure in some sense maximally internally homogeneous. Ontput 15 uscd to create a
depdrogram. FIRM is ideally suited to discovenng interactive effects in the data, Details of the FIRM

methodology and analysis options selected arc listed in Chapter 5.
The optional Appendix 9.1 (copy lodged with KZNNCS and available to examiners on request) contains an edited

summary of the results (ANOVA (ables, sample sizes, standard deviations and standard errors) of the four main

FIRM runs.

As an to aid interpretation of the results of the Post burn surveys, interested readers may wish to refer to Chapter

20 for an analysis of the patierns of species associations revealed by the Hluhluwe Post-burn dala. |

FEEDING PATTERNS IN RELATION TQ HABITAT

CONFIRM: RUN 1

Mecan browsing levels for each split predictor after analysis of node 1 are shown in Figure 9.8. The dotted linc in

Figure 9.8 represents average feeding levels per plot. Plots experiencing light/medium intensity fires had higher

312



levels of black rhino feeding than unburmt plots. During the late winter/early spring period black rhino feeding
levels were also above average in lower lying comnunities with E divinorum and S.africana as dominants; but
were low in forest margin plots. Offtake levels appeared to increase near or on paths, Feeding levels were also
above average in A.caffra dominated plots; and below average in plots with lall A.nilotica and F.racemosa as
dominants. Physiognomically feeding was above average in plots with higher densities of lower size class trees;

while open land and closed woodland/forest plots had lower than average levels of feeding,
pen grass p

The CONFIRM dendrogram (Figure 9.9) summariscs the results of the analyses where the variables for Burn
severity, Tree density and Path were deemed monoronic. The bold lines and boxes show the significant splits and
nodes when the more conservative [% raw and Bonferroni significance levels were used (sce Chapter 4 for further
details of analysis). In Figure 9.9 small squares and bold dotted lines separate the ouflier nodes from the other
nodes, which are indicated by bigger squares. Mean browsing levels (in mean browsing units or MBU) for each
CONFIRM node are listed inside the boxes on Figure 9.8. After exéluding three outlier groups which contained
3 or less plots, a total of nine groups were formed vsing the conservatve 1% significance levels. Preference and
[mportance ratios for the nine key nodes and selected subdivisions from the first CONFIRM run are listed in Table

9.1.

Burmn was setected as the best predictor to split node 1 on the first CONFIRM run. However, it should be
remembered that fire intensities are étrungly influenced by vegetation physiognomy. For example, tall grass
A.caffra dominated sites are more prone to severe burns than shorter grassed closed woodland dominated by tall
L racemosa and @ll A.nilotica. Therefore, the first predictor here (burn) involves more than simply describing the
influcnce of burn severity on habitat suitability. However, subsequent FIRM analyses confirmed that burn intensity
influences habitat suitability in its own right, in addition te the influence of vegetation physiognomy and
spize composition. Browsing levels were highest on plots that had experienced law to intermediate intensity
burns. Plots experiencing Light (lightly/poorly burnt) and Midium burn severities (well burnt but with some grass
tufts not fully burnt) were lumped together. These plots, on average, had 2,88 times more browsing (0.41 MBU
n=261) than unburnt plots. Browsing on unburnt plots was well below average levels. Mean browsing on

unburnt plots (0.14 MBU, n=450) was only two thirds of average browsing levels.
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MEAN BROWSING LEVELS FOR EACH SPLIT

FIGURE 9.8

PREDICTOR AFTER ANALYSIS OF NODE 1
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FIGURE 9.9 Dendrogram of the CONFIRM run | of the Hiuhluwe Main Post Burn Survey
data (n=1,687 plots). Mean browsing per plot is expressed in Mean Browsing Units (MBU).
The nine key nodes significant at the [ % level (B), and four outlier nodes are shown ().
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Table 9.7

The nine key nodes and selected subdivisions derived from CONFIRM analysis of the Hiuhluwe Post Burn

Transects (n=1,687). Mean browsing per plot is expressed in Mean Browsing Units (MBU). The percentage

contribution to diet of sach node is expressed as the percentage of total BU eaten on all plots. Preference indices

and symbols are the same as the rest of Chapter 5. Burn,Density and Path Predictors were monotonic.

The nine key nodes were significant at the 1% level.

NODE Predictor Se!

NO BURN - TALL A nilotica - DENSITY 34 - OUT OF DRAINAGE LINE
NO BUBN - TALL A.nilotica - DENSITY 34 - IN DRAINAGE LINE
NO BURN - NO TALL A nilotica - NQ E.divingrum
NO BURN - NO TALL A.rnilotica - E.divinarum
LIGHT/MEDIUM BURN - TALL A.nilctica
LIGHT/MEDIUM BUBN - NO TALL A.nilotica
Sulbx-division; TALL &, racemosa
Sub-division: NO TALL E.racemosa
Sub-Sub-division: NC E.divinarum
Sub- Sub-division: E.divinorum
SEVEAE BURN - <67% OF PLOT OM PATH
Sub-division: NO E.divinorum
Sub-division: E.divinorum
Sub-Sub-division: NO Eracemosa
Sub-Sub-division: E.racemosa
SEVERE BURN - »67% OF PLOT ON PATH - D.lycioides
SEVERE BURN - »87% OF PLOT DN PATH - NO D.Jycicides
Sub-division: NO A karroo
Sub-division: A kamoo
OUTLIERS

Prefindx

0.05
Qa.78
0863
2.08
0.58
2.27
1.1
2,59
2,18
5.00
0.70
055
1.08
1.64
036
0.22
1.70
1.08
218

"k

% Diet

0.51
0.51
7.65
7.14
3.06
22.96
4.34
1862
5.44
9.18
28.77
15,05
10.20
8.67
1.53
0.77
29.85
8.42
21.43

MBU

8.01
0.782
0.147
0.483
0,135
0.526
0.257
0.695
Q.500
1.161%
0163
a.129
0.260
0.382
0.085
0.051%
0.354
0.252
0.506

n

175
11
204

89
17

105
74
31

820

459

160
88
Al
58

297

131

168

Plots

10.37
0.65
12.09
3,44
5.28
014
R0} )
6.22
4,39
1.84
36.75
27.21
9.48
5.28
4.21
3.50
17.61
797
9.84

PrefRANK ImpRANK FregRANK

13.6
13.5
7

g

10

2

1
12

3
14
2
12
6.5

10



The remaining 58% of plots expericnced severe burns where all visible biomass was burnt, Browsing in these plots

{0.23 MBU, n=976) was close to average levels.

Pyst-burn browsing was 50% higher in plots with low densities of small trees (Densities 1,2 0.30 MBU,
1=503), compared to plots with higher small tree densities, where visibility and movement were often impeded

(Densitics 3,4, 0.20 MBU, n= 1184).

Subsequent predictors chosen after Burn, clearly showed that species/spize composition uniquely affeeted

post-burn habitat suitability (ic by accounting for more variation not already explained by buming severity).

Comamunities with D.lycicides and tall E.racemosa's as dominants had markedly less feeding in them than
other commumnities. Woodland communities dominated by tall A.xélotica’s were also strongly rejected after

the hurns.
Communities dominated by A.caffra had slightly higher than average post-burn braowsing levels.

Communities where E.divinorum and/er 8.africana were deminant species, were especially favoured. This
indicates that low lying areas near rivers are important feeding areas in the late winter/fearly growing season
post-burn period. The favouring of Euclea divinorum dominated communitics may reflect the feeding on

A.nilotica, R.pentheri, D.cinereg and S.africana which occurred in these comumunities.

Within each of the three "bum” nodes 2, 3 and 4, habitat preferences were strongly related to which species and

spizes were dominant.

On Unbumt plots (Node2 mean 0.142 MBU) plots with D Jycioides (0.03 MBU), D.cinerea (0.05 MBTJ), tall
A.nilotica (0,03 MBU) and tall £ racemasa (0.10 MBU) as dominants had lower than average feeding levels.
Feeding in unburnt Forest Margin plots was also low (0.04 MBU). By way of contrast, feeding levels on unburnt

plots with £.divinorum (0.30 MBU) and S.africana (0.30 MBUJ) as dominants were approximately double mecan
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unburnt plot offiake levels, and about a third higher than mean feeding levels over all plots.

In tall 4 nilotica dominated plots with a high density of trees less than fwo metres, feeding levels were substantially
higher in plots which included a drainage line (0. 182 MBU) than these without (0.011 MBU). Such plots with
drainagc lincs were only slightly rejected; while unburnt tall A.#tlotica dominated woedland plots away from
drainage lines were strongly rejected. The [atter habitat made up 10.4% of sampled plots, and feeding levels

were only 4.9% of the average feeding leveis on all plots.

A similar pattern of habitat selection was shown on Light/Medium burnt areas, with feeding [evels again being
significantly higher here than on unburnt plots: D.cinerea (0.17 MBU), tall A.nilotica (0.13 MBU) and tall
E.racemosa (0.23 MBU), E.divinorum (0.56 MBU) and S.africana (0.76 MBU). Light/Medinm burmnt plots with
E.diviroruwm (bul not tall 4.xilotica and Eracemosa) as a dominant were highly preferred (Preference Index 5.00
*++), Feeding levels in these plots (1.161 MBU} were pver a hundred times greater than in unburnt tail A.nilotica
dominated woodland away from drainage lines. This in part reflects the seasonal preference for feeding in areas

near drainage lines in late winfer.

Even on Light/Medium burnt plots, tall 4.xilofica dominated communities had below average feeding levels (0.135
MBU). Tal A-zilotica dominated areas were therefore rejected by black rkine duving the post- burm period

irrespective of their burning history.

Average feeding levels were almost 60% higher on paths (0.30 MBU, 0=637) than off them (0.19 MBI,
0=1050). Interestingly, paths were still favoured feeding arcas in severely hurnt areas (0.34 MBU). For
example, feeding levels on severely burnt plots with A.karreo as a dominant, were almost four times higher on

paths (0.4]1 MBU) than off or only partly on paths (0.11 MBU).

Slight preference was shown for severely burnt plots with A.caffra as a dominant species (0.28 MBU).
A.caffra often occurs in more open communities with tall grass on hillslopes, and so it is not surprising that

89% of all plots with A.caffre as 2 dominant experienced severe burms in 1989. Feeding in plots with 4.caffra

318



as a dominant was also highest on paths in severely bumnt areas (0.41 MBU),

Severely burnt plots with D.Jycioides (0.09 MBU) and tall E.racemosa (0.07 MBU) as dominants were again

strongly rejected.

Physiognomically, skrubland with scaftered tall trees had the most browsing. Opposite ends of the tall tree
density continuum (No tall trees, Closed Woodland/Forest) had mean browsing levels (0.14 MBU; n=466) which
were about half that recorded for the intermediate tall tree density classes (Scattered trees-Open woodland-Medium
Woodland;, 0.27 MBU; n= 1221 ). Although analysis of Node | did not significantly separate out the small tree

categories, the densest category, thicket, had the smailest mean browsing levels (0.17 MBU).

Interestingly, forest margins were largely aveided during the post-burn period with an average of only 0.04
browse units (=:105) compared to the 0.36 for true evergreen forest (=66}, This finding contrasts wiih the Grid
survey conclusion that forest margins appsared to be more important feeding areas than true forest later in the

growing season.

Severely Burnt Plots on Paths (>67% on a Path) without D.lycioides but with A.karroo as a dominant species
represented both important and preferred habitat (Table 9.3). These plots accounted for 21.48% of all feeding,
but only 9.84% of all sampled plots (Preference Index 2.18 *#). The absence of 4.karroo as a dominant from these
Severcly burnt path sites without D_lycivides, reduced browsing preference indices from preferred (o close to
average preference levels (Preference Index = 1.08). This finding was cxpected, as 4. karroo was ihe most

important contnbutor to post-burn hlack rhino woody plant diets.

Severely burnt plots on paths with D.{ycioides as a dominant were strongly rejected.
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Severcly Burnt plots not, or only partially on a Path, and not dominated by £.divinorum raade up the sccond most
important habitat grouping (15.05% of total recorded post- burn woody browsing). The primary reason for the high
importance valne was that it was by far the biggest node (n=459) which could not be further sub-divided. This

habitat type was slightly rejected with mean browsing levels 40% below average (Preference Index = 0.55 -).

By way of contrast, Severely burnt plots, not or only partially on a Path, with £.divinorum but not tafl E racemosa

as 4 dominant, werc slightly preferred (Preference Index 1.64 #),

Unburnt dense bush with Euclea divinorun: but not tall A.nilotica as a dominant accounted for 7, 14% of total post-

burn woody-browsing and was a preferred habitat type.

The results for communities with R.pentheri as a dominant were variable. R pentheri dominated Post-bum plots
had average leeding levels (0.24 MBU). K. pentheri was identified as an imporiant contributor to the post- burn
woody diet of black rhinos, although the Grid survey revcaled it tobe strongly rejected as a food item for much of
the year. In unbumt plots with no tall A.nilotica (node mean 0.221 MBU), feeding was substantially greater on
plots dominated by R pentheri (0.62 MBU) and F. divinorum (0.48 MBU) but not D.cinerea (0.17 MBU). However
on severely burnt plots with paths (node mean 0.337 MBU) feeding levels were lower on plots with R.pentheri as

a dominant (.10 MBU).
CONFIRM: RUN 2

Tn the second main CONFIRM analysis, all variables were dlassed as Jfree predictors. Once again significance
levels were set at the conservative 1% lavel to mintmise the chance of spurious divisions. The usc of free rather
than moenofonic predictors is perhaps more appropriate when one is primarily interested in determining which
habitats are most important to black rhino during the post-burn period. Lumping together of predictor extremes
when variables are classed as free is not a problem when intermediate predictor values happen to be the most
preferred by black rhino. However if the primary aim of analysis is to quantify feeding levels for all habitat types,

the use of monotonic predictors is more appropriate.
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Takle 9.8 .

The seven key nodes and selected subdivisions derived from CONFIRM analysis of the Hluhluwe Post Burn
Transects (n=1,687). Mean browsing per plot is expressed in Mean Browsing Units (MBU). The percentage
contribution to diet of each node is expressed as the percentage of total BU eaten on all plots. Preference indices
and symbols are the same as the rest of Chapter 5. All predictors were free.

The seven key nodes were significant at the 1% level,

NODE Predicter Sel Praference Index % Diat MBU n %Plots  FrefRANK ImpRANK FreqRANK

TALL E racemosn - TALL A nilolica 0,13 — 1,79 0,029 za1 14,29 7 8.5 4
OUT OF BRAINAGE UNE - 0.02 MEU
IN DRAINAGE LINE : 0.13 MBU
Akarroo : 0.09 MBU
E.divinorum : 0.056 MBU
TALL Eracemosa - NO TALL A pilotica - 0.93 13,78 D215 251 14.88 a q 3
CPEN/MEDIUM CLOSED WOODLAND : .34 MBU
NO OH SCATTERED TALL TREES or CLOSED WOODLAND/FOREST : 0,05 MBU
E.divinorurn : 0.28 MBU
NO E.divinorum : 0.68 MBU

NO TALL Esracemesa - NO E.divinorum - <87% OF PLOT ON PATH - UNBUANT, LIGHT or SEVYERE BURN 0.57 - 18.37 0132 546 32.37 5 3 1
NO TALL E.macemosg - NC E.divinorum - <67% OF PLOT ON PATH - MEDIUM BURN 1.79 * 510 0.417 44 245 2 5 7
NO TALL E.racemosa - NO E.divinarum - >67% DF PLOT QN PATH - D lycicides 0.43 - 1.79 0100 70 4,15 6 6.5 g
NO TALL E.racemosa - NQ E.divinorum - >67% OF PLQT ON PATH - NQ D lycicides 1.70 * 39.03 0.395 387 22.94 3 1 2

NOT FOREST MARGIN : 0.43 MBU
FOREST MARGIN : 0.11 MBU
NG TALL E.racemosa « E divinorum 2.36 . 20.15 0.549 144 8.54 1 2 5
SEVERE BURN ; 0.25 MBU
UNBURNT or LIGHT/MECIUM BUAN : 0.98 MBU



Excluding final splits, which only identified outlier plots, the second main CONFIRM run identified seven main
nades {Table 9.8), Although the ordering of split predictors differed from the first vug, similar patieras of
habitat use were reveated. Onece again plots dominated by tall A.rilotica and E.racemosa were strongly
rejected while plots dominated by E.divinorum were preferred. In plots without £ racemeosa and E. divirorum
as dominants, feeding was again higher on paths. On paths, areas with D.lycioides as a dominant were again

rejected.
In plats off paths, medinm burnt plots (burnt well but some grass tufts not fully barnt) were sclecied for.

Although Burn was oot selected as the best first predictor, Light/Medium burnt plots were again
significantly preferred, with mean browsing levels just aver double those recorded in severe and unburng

plnts,

Burn was still selected as a significant predictor after some of the variation in habitat preferences had been
explained by vegetation physiognomy and species composition. This indicates that burcing scverity itself

effects black rhino habitat suitability.

Severe burning of E. divinerum domin ated communities without tall E.racemosa siguificantly reduced habitat

suitability during the post bura period (F=8.39 df 1,142 p=0.00437).
Medium burning increased habitat suitability of path plots where neither £ divinorum or talt E.racemosa were

dominants. Feeding levels were three times higher on medium burnt path plots, than on plots receiving other burn

treatments (F=13.39 df 1,592 p=0.00027). The trinomial CATFIRM run brought out (he same patierm.
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Table 9.9

The eleven key nodes and selected subdivisions derived from CATFIRM analysis of the Hluhluwe Past Burn
Transects {(n=1,687). Browsing levels per node are expressed as the percentage of plots eaten per node.
The contribution to diet of each node is the number of plots eaten/node expressed as the percentage

of all 223 eaten plots. Preference Indices and symbols are the same as the rest of Chapter 5. All

predictors were free. The eleven key nades were significant at the 1% level.

NODE Predictor Set Preference Indox %0Diet  %PiotsEat n %Plotz  PrefAANK ImpRANK FreqAANK
NO TALL E.racemosa - «33% DF PLOT ON PATH - NO E.divinorum - NOT FOREST 0.58 - 1380 7.8 as8 23.59 =} 2 2
ND TALL Eracemosa - «33% OF PLOT ON PATH - NO Edivinerum - FOREST 204 o 314 269 26 1.54 1 55 10
NO TALL E.racemosa - <33% OF PLOT ON PATH - E.divinerum 1.44 * 8.97 18.0 105 g.22 3 4 3
NO TALL Eracemosa - »33% OF PLOT ON PATH - NO D.lyclodes - NOT FOREST MARGIN 1.78 * 53.81 235 510 an.23 2 1 1
ND TALL E.racemosa - >33% OF PLOT ON PATH - NO D.lyciodes - FOREST MAHGIN 0.41 - 1.38 5.4 56 3.32 =] 75 5]
NO TALL E.racemesa - »>33% COF PLOT ON PATH - D.lyciodes - NO OR SCATTERED TALL TREES 1.02 3.14 135 52 3.08 4 58 7
NO TALL E.racemesa - »33% DF PLOT ON PATH - D.lyciodes - OPEN-MEDIUM WDODLAND Q.00 -— 0.00 .0 45 2.67 M 11 8
JALL E.racemosa - NO TALL A nilolica ’ a.81 12.11 10.8 251 14,88 6 3 3

MEDIUM BURN ; 18.8%

ND,LIGHT or SEVERE BURN ; B.5%

OPEN-MEDIUM WOODLAND : 14,9%

NO/SCATTERED TALL TREES or CLOSED WODDLAND/FOREST : 5.5%
A.pentheri : 17.2%

E.divinorum : 13.8%

TALL E.racemosa - TALL A.nilotica - NOT DRAINAGE LINE - NO,LIGHT or SEVERE BURN 0.04 —_ 0.45 0.5 188 11.20 10 10 4
TALL Eracemosa - TALL A.nilofics - NOT DRAINAGE LINE - MEDIUM BURN 0.51 - 1.35 B.1 37 219 7 7.5 g
TALL E racemosa - TALL A.nilotica - DRAINAGE LINE 1.0% .80 133 15 .83 5 g 11
OUTLIERS 3

SAMPLE AVERAGE ' 122



able 9.10

1e seven key nodes and selected subdivisions derived from CATFIRM analysis of the Hluhiuwe Post Burn
ansects (n=1,687). Browsing levels per node are expressed as the percentage of plots eaten per node, and
e proportion of eaten plots with more than just a ittle feeding {(MTALF:offtake levels > 1 BU).

1e seven nodes were significant at the 1% ievel. Al predictors were free. The categorical dependent variable
ad 3 classes: No feeding, A little feeding (I BU) and More than a little feeding (>1 BU). The Preference

dex was calculated as the % of plots eaten (irrespective of offtake) / % of total sample size.

DOE Predictor Set Preference Index %Eaten % Eaten Plots % MTALF Plots %Sample
i =MTALF %Node Plots % LF Plots PLOTn
Eaten
ITALL Eracemosa - NO E. divinorum - NONE or 3367% OF PLOT ON PATH .804 23 10.6 211 271 128 442 26.20
)TALL E.racemnosa - NO E.divinorum - <33% OF PLOT ON PATH 0.747 - &7 29 6.7 3.9 10.8 152 8.01
MO,LIGHT or SEVERE BURN 73 838 139
MEDIUMBURN 50 308 13
JTALL Eracemosa - NO E.divinorum - »67% OF PLOT ON PATH 1.608 * 37 21.2 43.5 47.3 38.3 457 27.09
JTALL E.racemosa - E.divinorum ' 1.629 * 68 21.5 13.8 7.8 '22.3 144 8.54
NOLIGHT or MEDILUM BURN 80 328 46
SEVERE BLURN ) 56 16.3 o8
D.clneren 47 20.8 ’ g2
NO D.clnerea 93 226 g2
LL Eracemosa - NO TALL A nilotica 0.814 52 10.8 12.1 101 14.9 251 14.88
ND/SCATTERED TALL TREES or CLOSED WOODLAND/FOREST 0 55 110
OPEN/MEDIUM WOODLAND 85 14.8 149
R.pentheri 47 17.2 87
NO R.penthen 59 7.3 164
L E.racemosa - TALL A.nilotica - NOT DRAINAGE LINE 0,134 - 24 1.7 1.8 2.3 11 226 13.40
NO,LIGHT or SEVYERE BURN Q 05 189
MEDIUM BURN : 12 8.1 37
AXxarroao ‘0 1.0 192
NO Akarroo 50 5.8 ez

L E-racemosa - TALL A.nilotica - IN DRAINAGE LINE 1.009 0 13.3 09 1.6 0.0 15 Q.89
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CATFIRM RUNS 1 AND 2

Generally, the two CATFIRM muns revealed similar patterns to those in the two CONFIRM runs and so details
have been relegated to the Notes scction *2. Some key points to emerge from these runs are listed below and key

nodes described in Tables 9.9 and 9.10.

Binomial CATFIKM run 1

Unburnt plots were eaten in less frequently (8.9%) than burnt plots (14.8%). The highest proportion of plots with

eating occurred in medium burn plots (18.4%).

Excluding final splits which only identified outlier plots, the first binomial CATFIRM mun identificd cleven main
nodes which were significant at the 1%level {Table .9). Only 1.7% of plots away from drainage lines with both
E.racemosaand tall A.nilotica's as dominants contained black rhino feeding signs. The average proportion of plots

eaten in this study {13.2%) was almost eight imes higher than this.
Trinomial CATFIRM run 2

The {indings from this run concured with those of the initial CONFIRM rum that Light/medivm burns were more
preferred than severely burnt plots; with unburnt plots being least preferred. In general Light/medium burnt plots
were not only browsed in more frequently (17.6%); but the level of feeding in them was also higher than other burn
treatments (17.6% of such plots had feeding, 61% of which had more than just a little feeding (> | BU). This
contrasts with the 8.9% of unbumt and 14.0% of severely burnt plots which were browsed. Only 35% and 38%
of unburnt and severely burnt plots had more than just g little fecding. Thus black rhino generally ate more per

plot in the more frequently browsed habitats.
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Excluding final splits which only identified outlicr plots, the final trinomial CATFIRM run identified seven main

nodes which were significant at the 1% level (Table 9.10).

A.caffra dominated plots were more frequently eaten in than the average frequency of feeding in other plots (17.4%
vs 11.5%). However, in contrast to other post-burn feeding areas the frequency of plots with more than just a little
feeding was close to average levels irrespective of whether 4. ecaffra was a dominant or not (6.6% vs 5.4%). This
indicates that although the frequency of post- burmn feeding in 4. caffra dominated areas was above average, these
areas should probably not be classed as prime post-burn habitat. One can speculate that the scvere burns in 4. caffra

areas may have reduced habitat suitability.

326



CHAPTER 9 NOTES

#1 : This muy because of increased prass inkerference late in the season. Allernatively it could be because of changing ratios of leaf concenlrations
of protein and condensed tannins as these two species have amongst the highest recorded tannin levels of “Acagias® (R.N, Owen-Smith pers comen).
One cun speculate that as growth plant slows later in surnrmer, the changing carbonmitrogen balance in the plants may result in a more unfavourable
ratio of izaf tanninsto protein reducing palatability. The latter ratio has been found to be related to browse palatability (Cooper ¢f ai. 1988). I have
also noticed greatly reduced acceptance leveks of A.karroe in the dystvophic Zimbabwe midlands (Emslie 1995), and this to may be related to less
favourable tannin:protein ratios. Future chemical reseach is needed 1o investigate this kypothesis and batter understand the factors poverning woody

plant palatability to browsers.
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CHAPTER 10
BLACK RHINO FEEDING PATTERNS V : RE-MEASUREMENT
OF HITCHINS' 1969-1971 TRANSECTS IN THE BUSH-CLEARED

AREAS OF HLUHLUWE NORTH
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CHAPTER SUMMARY

o The 1990 re-survey of Hitchins' 1969-71 transects (with the 1989 Hluhluwe Grid survey) provided
comparative data on hlack rhino feeding in N.E.Hluhluwe hetween 1969-71 and 1989-90, Although hlack
rhing numbers in Hluhluwe North were high in 1969-71, the population density in the 2rea had already
declined by about half from the peak level of 1.64/km?® recorded in 1961 (before the die-off). Black rhino
densities in N Hluhluwe continued to decline, and by the time of the remeasurement of ¢he plots in 1998,
were about a third of 1970 levels. This chapter concentrates on comparing feeding patterns hetween 1969-71

and 1989-1990 with a view to indicating whether or not nutritional factors were implicated in the decline,

© The amount of black rhino browsing recorded in NE Hiuhluwe was far lower in recent times (1990) than
in 1969-71, The drop in feeding more than corresponded to the three-fold difference in hlack rhino densities
in NE Hlubluwe hetween these times (0.88 ~ 0.26/km?®). The very high grass interference levels prevailing
in the area of Hitchins™ plots at the time of remeasurement in 1989/90 are likely to have forced the hiack
rhinos in Hluhluwe North to make increasing use of other areas with lower grass interference levels (see

Chapter 8).

© Two reasons can be advanced why "Acacia's formed nearly half the diet in 1969-71, yet ¢hey only formed

just over a quarter of the dict in 1989-90:

- The greatly increased grass interfercnce following the wet period 1987-90 (compared to

the dry perntod 1965-71 prior to Hitchins' original measurements).

- Acacias madeup 28% of all trees availahle in the Hitchins' plots around 1970, compared
to only 21,7% in 1994, In turn, this is probably a function of both the recent hush elearing
in the area; and self thinning as the size strueture of Acacias bas changed with a higher

proportion of trees occurring in taller less palatahle size classes in 1990 (Chapter 16).
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This evidence indicates that the carrying capacity of Hluhluwe North has declined since 1969-71.

¢ Unpalatable species (b.e. currently rejected E.crispa, M.senegalensis, L.javanica, Diospyros species, Riwus
species and K floribunda) formed 15.3% of the rhinos’ diet in 1969-71 |, but only accounted for 1.3% of 1989-
90 {eeding. The bigh feeding levels on unpalatable species in 196Y-71 could not be accounted for by season

of measurcment alone.

© The proportion of individual trees of a sumber of species which showed signs of black rhino browsing was
exceptionally high in Hitchins® time, when compared to recently collecied data in Hlubluwe, Umfolezi and
Itala (this project & Kotze 1990), The higher browsicg pressure in Hitchins' time may have induced the
increased production of secondary plani chemicals in certain palatable and unpalatable species, lowering

their d:gestibility and nuiritionad vajue,

Ong can specufate that in 1969-71, the much higher contribution of unpalatable species to
the diet, aloug with fthe possibility of heavy hrowsing inducing secondary plant chemical
defence; may have resulted in secondary chemical Jevels in the dief exceeding the threshold
amounts that a black rhing's metaholism can cope with. This would increase the possihility

of liver damage, whith may have reduced the fitness of the animals,

In addition, condensed tanain concentrations tend fo he higher in the Jeaves af unpalatable
species; and as tannins reduce digestihility by hinding with proteins such as digestive
enzymes, the heavy browsing of unpalatable species in 1969-71 probahly reduced food

digestihility.

O To conclude, the remeasurement of Hitchins' plots revealed that the black rhino diet in Hitchios’ time
comprised a greater amount of low-quality food than their present-day diet. This indicates that black rhkino
in Hluhluwe North were still under nutritional stress in 1969-71, even though their densities in the area had

declined by half from peak levels in only » decade,
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The indications that carrying capacities have declined in Hluhtuwe North since 1970 supporis the "poor
outrition as the major cause of the population decline™ hypothesis. However, the higher contribution of the
more palatable species in the 1989/90 black rhino diet indicates that the decline in carrying capacity may
be stariing to, or has already bottomed out, Apart from high levels of grass interference in 19891998, and
the less favourable distribution and density of " Acacia™ spizes in the habitat; the feeding data indicated

black rhino were worse off in 1970,

We can he thankful Hitchins had the foresight to measure these plots twenty odd years ago. However, it is
a great pity that nohody thought te do the same thing thirty years age (just before the big die-off when black
rhino densities in Hlubluwe were the highest ever recorded at 1.64/km’), not to mention sixty, fifty and forty
yearsago when population densities were high (compared to current RMG area densities) but the population

was still increasing i size.

The possible influence of bush clearing and fire treatments on habitat changes on Hitchins' transects are

discussed in later chapters (Chapters 16 & 18)
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CHAPTER 11

BLACK RHINO FEEDING PATTERNS VI: FORB USE

Chapter summary cul from this copy of the dissertation - For a summary please consult cither the project
summary document or expanded version of the thesis {available on request from the author). For further details

consult BR2000 Report,
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CHAPTER 12
BLACK RHINO FEEDING PATTERNS VII : COMPARISON OF

HLUHLUWE-UMFOLOZI RESULTS WITH OTHER AREAS

Chapter summary cut from this copy of the dissertation - For a summary please consul¢ either the project
summary document or expanded version of the thesis (available on request from the author). For further details

consult BR2000 Report.
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CHAPTER 13
BLACK RHINO FEEDING PATTERNS VIII : BOMA FEEDING

OBSERVATIONS

Chapter swmmary cut from this copy of the dissertation - For a summary please consult either the project
surmnary document or expanded version of the thesis (available on request from the author). For further details

consult BR20G0 Report.
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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 HLLUHLUWE POPULATION CRASIH

PART II1

THE INFLUENCE OF ENVIRONMENTAL FACTORS AND
MANAGEMENT ACTIONS ON BLACK RHINO HABITAT

QUALITY

Chapter 14 -

Chapter 15 -

Chapter 16 -

Chapter 17 -

Chapter 18 -

‘Chapter 19 -

Hluhluwe Woody species : Environment refationships (<)

The effects of management actions on black rhino habitat quality 1:
Short term effects of Fire

The effects of management actions on black rhino habitat quality I:
Long term effects of Fire

The effects of management actions on black rhino habitat quality 1T:
Short term effects of Bush-clearing

The effects of management actions on black rhino habitat quality IV:
Long term effects of Bush-clearing

The effects of management actions on black rhino habitat quality V:
Game introductions and removals (3<)
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CHAPTER 14
HLUHLUWE WOODY SPECIES: ENVIRONMENT

RELATIONSHIPS

Chapter summary cut from this copy of the dissetfation - For a summary please consult either the project
summary document or expanded version of the thesis (zvailable on request from the author). For further details

consult BR2000 Report,
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CHAPTER 15
THE EFFECTS OF MANAGEMENT ACTIONS ON BLACK
RHINO HABITAT QUALITY I: SHORT TERM EFFECTS OF

FIRE
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INTRODUCTION

In eight previous chapters (6-13} black rhine feeding patterns were examined in detail to determine what
constitutes good, intermediate and poor black rhino habitat. This chapter is the first of five chapters which aims

to unravel the effects of different management actions on black rhino habitat suitability.

This chapter examines the shorter term effects of fires on black rhino (from immediately following fire up
to eight years). The following chapter (16) continues the study of fire, but focuses instead on the longer tcrm
effects of fire on black rhine.

MANAGEMENT CONCERNS AND KEY QUESTIONS

At a Natal Parks Board Management Recommendations meeting in 1988, Peter Hitchins expressed concern that
palatable young browse plants were being selectively removed by hot burns {(Anon 1988), Hitchins (Hitchins &
Brooks 1986, Hitchins 1988} alse suggested that more black rhinos may have been burnt in veld fires than
gencrally thought, At the start of this project, Park Management were therefore concerned that the more frequent
burning in the 1980s, may have had a negative impact on the black rhino population (Anon 1988).

Given the above concerns, the key questions which needed to be addressed were;

® Does fire reduce black rhino habitat quality?

- Are palatable young piants being selectively removed by fire as sugpesied by Peler

Hitchins?
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- Are black rhinos being farced ta restrict their feeding to unburnt patches immediately

after fires?

-~ Tlow does burn severity affect black rhino habitat preferences in the short term?

@ What are the chances that veld fires burn a significant number of black rhinos to death?

RESEARCH APPROACHES USED

In most of the chapter a two step approach is used - attempting to clucidate the short term effects of fire an the
vegeration; and then interpreting any fire induced short-term vegetation changes in the light of knowledge of rhino

feeding patterns and preferences (chapters 6-13).

To determine the shori term effects of fire on the vegetation:

o This chapter briefly summarises the key results of the Post-bum surveys which studied black rhino feeding

patterns, both immediately after, and a few months afier burning (discussed in detail in chapter 9).

o In an atterapt fo shed Iight on the browsing of bumt browse, limited chemical analyses were undertaken of

samples of burnt and unburmt plants from the post-burn period.

o The fire lilerature was also cxamincd. In particatar papers from the 1979 Hlvhluwe-Umfclozi vegetation
dynamics symposium, and local Hluhluwe-Umfolo theses and reports were inspected for any references to short
term effects of fire on woody habitat structure and composition. Konstant’s (1990 in firr) documented short to
medium term (1-5year) changes in densities of key woody spizes in Hluhluwe in response to experimental fire and

bush clearing treatments were also interpreted in the light of knowledge of black rhino feeding preferences.
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© The results the partial fire-constrained ordination analysis of Hiuhluwe Grid survey data arc discussed in detai
in the next chapter (16} as they primarily examine the longer tenis influences of fire on habitat structure and
composition. However, this chapter discusses the influence of two short ferm fire variables (a dummy variable for
buriing in 1988 - the year prior {o measurement; and fire frequencies from 1980-1988) on habitat composition

and structure revealed by this analysis.

© The direct mortality risk from fire was quantified using data in the annual (confidential) Rhino Managemeny
Group of Southern Africa (RMG) Status Reports (from South Africa and Namibia) over the period April 1989 to

March [995.

o 'Fhe relationship between fire frequencics from 1980-88, and densities of the "prablem" species Mayrenus
senegalensis was alsp examined using an exploratory Formal Inference-based Recursive Modelling (FIRM)

analysis of the Hiuhluwe Grid survey data.

HLUCHLUWE-UMFOLOZI FOST-BURN SURVIEYS

The Post-burn surveys (chapter 9) indicated that in the short term - both immediately after burns and later
during the post-burn flush period - fire was on the whole beneficial to black rhino. This conclusion is the

antithesis of what had been proposed by Peter Hitchins at the NPB mceting in 1988 (Anon 1988).

The following sections briefly summarise the key findings to cmerge from the Post-burn surveys, firstly in the

petiad soon after fire, and then later during the post-burn flush period. (see chapter 9 for full details).
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IMMEDIATE POST-BURN PERIOD
FEEDING LEVELS IN BURNT AND UNBURNT PLOTS

The Post-burn surveys (chapier 9) showed that black rhino were clearly not being forced to restrict their
feeding to unburat areas immediately after burns. In both Hluhluwe and Umfolozi , feeding levels were
greater in burat than in usburat plots. This was a function of both the higher proportion of hurnt plots which
had been browsed, and the higher mean offtake levels/plot in browsed burat plots compared to unburnt

browsed plots.

FEEDING LEVELS ON BURNT "Acacias"

In Hlhluwe, burnt "Acacias™ were important in the immediate post-bura diet. During this period, burnt
A.karroo, A.nilotica and D, cinerea tiees made up 29.6% of the woody diet; while other burnt Acaciar made up |
a further 4.6% of the diet. By way of contrast, unburnt "Acacias" only contributed 3.5% of the woody diet during
this period. Given that almost ten times more of the immediate post-burn diet came from burn¢ compared o
unburat “Acaecias”, it is probable that bumt “Acacia™ trees were preferred in addition to being important food
iterns*'. Figure 17.2b shaws burnt “Acacias” regrowing on a recently bush cleared site that have been heavily
browsed in southern Hluhluwe. Other authorities have also recorded heavy selective browsing of burmt "4 cacias”
by black rhine (Marchant and Pullen 1995, Broomhall 1997, see also chapter 123, However the limited chemical

analyses undertaken indicated that burat twigs were very low in crude protein (averaging <6%).

Black rhinos in Umfolozi also browsed stands of burn¢ small " 4cacias", although in Umiolozi "Acacias" were
less important than Hinhluwe, accounting for only 13.5% irmediate post-burm browse offiake. This was probably
because in the drier Umfolozi, black rhinos {avoured areas nearcs water during the immediate post-burn (pre flush)

period resulting in a reduced "Acacia” component in the diet™.
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FEEDING LEVELS ON BURNT AND UNBURNT S.AFRfCANA &

A.GLABRATA

Alihough in general black rhines fed more on burnt rather than unburnt trees, this was not the case for afl
species. In the case of the favourcd Euphorbiaceae duo, S.ofricana and A.glabrata; burnt trees only contributed
11.6% of immediate post-burn offtake on these two species. However this finding may simply refiect the low

proportion of trees of these species which were burnt in 1989,

BROWSING OF BURNT AND UNBURNT INIMVIDUALS OF

NORMALLY UNPALATABLE SPECIES

Increasing use was made of normaily uapalatable spizes during the post-burn period. Just over a third of the
immediate post-burm diet in Hluhluwe was made up of the following normally intermediate or rejected species:
Rhus pentheri, Ziziphus mucronata, Dombeya rotundifolia, Euclea divinorum, Lippia javanica, Kraussia
Roribunda, Diospyros lycioides, Plectroniella armata, Vernonia subuligera, Maytenus senegalensis, E racentosa,
Rhoicissus fridentata and E.crispa. A total of 85.1% of the offiake from these unpatatable species during the
immediate post-burn period came from burnt individuals, It was noted that in the southern part of the

Hluhluwe study area, the black rhinos preferred to brewse on lightly burnt individuals of R.pentheri.

In Umfolezi, increasing usc was also made of normally unpalatable species during the immediate post-burn
period®™. Notably, black rhino in Umfolozi fed more in low-lying thicket and bush-clump vegetation immediatcly
afler the burmns, than at other times of the year, avoiding the drier, more open azeas at this time of year, Feeding
levels on 2 number of species commonly found in thick bush clump areas increased in late winter. Scotia capiiard,
Pappea capensis, Maytenus nemorosa, Coddiarudis, Azima fefracantha, Ehretia rigida/amoena, Eucleaundulgta
and Sideroxyfon inerme together made up 25.5% of the immediate post-burn woedy offiake (compared to 13,1%

during summer).
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POST-BURN/EARLY GROWING SEASON FLUSH PERIOD

CONTRIBUTION OF BURNT TREES TOQ TOTAL WQODY

OFFTAKE

In Hluhluwe, burnt trees made up a slightly reduced contribution to the postburn/early season flush woody diet.
During this flush period, 58.2% of all woody offtake came from burnt trees. Again, onc would hardly expect

burnt trees to make up such a high component in the diet if burning detrimentally affected browse quality.

BROWSING OF BURNT "ACACIA™S

‘FThe importance of regenerating bumt "Adcacias” in Hluhluwe increased o account for 41.8% of the black
rhino post-burn flush woody diet with 86.1% of the post-buin flush " Acacia" diet coming from burnt trees.

By way of contrast, browsing on unburnt "Acacias only contributed a further 6.72% of the woody diet.

Rather than “pruning” big diameter twigs, black rhinos were seen to nibble the slender, freshly coppicing shoot
tips of "dcacias" in both Hluhluwe {especiaily A.karroo and A.caffra) and Umfolozi dering the carly summoer flush
period. Asa result browse buttle based "Acacig" offtalke estimates dering the post-burm/early growing season
flush period are likely to have underestimated true offtake levels. Therefore in all probability, "4 cacias"
coniribuied af least half of all woody browse eaten in Hluhluwe during this period. Limited chemical analysis

of coppicing Acacias after burns indicated that new basal coppice growth was very high in Crude Profein

(average 18.85%) as well as phosphorus (average 0.23%) and potassium (average 1,30%).
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EFFECTS OF FIRE ON BLACK RHINO HABITAT IN OPEN,

GRASSY AREAS

During the pest-burn flush period in Hluhluwe, black rhinos fed more often on open A.karroo and A.caffra
dominated sites. These two species are among the first "dcacias” 1o flush. QObservations showed they made
increasing usc of forbs and the soft new coppice on burnt areas during the post-burn flush period, and it was

noticeable that the consistency of the dung became less coarse during this peried as a result.

A comparison between Figures 8.19 and 9.1 shows that feeding levels increased substantially in N.E. Hluhluwe
(Magangeni, Hidli, Manzimboinvu and Oncobeni vallcys) following the burns. Figure 8.19 also shows that modal
grass heights were high over most of this area during late summer. Without fire having removed grass interference,
these areas would have been largely avoided by rhino (see chaplers 6,8 and 12). Thus, the appliéation of extensive
contrpl burns during above average rainfall periods temporarily increases the area of suitable black rhino
habitat in Hluhluwe, In the short term, burning also creates conditions condncive to the growth of palatable early

season ground forbs.

During the Grid Survey, parts of the Umfolozi study arca were covered by tall dense stands of Themeda triandra
dominated grasslands. By removing the grass biomass, fire stimulated subsequent forb growth and made browse

accessible to the animals leading to increased use of this area during the flush period** .

After the rains, and during the post-burn flush period, black rhinos made increased use of the morc open areas in
the Ggoyind basin in Umfolozi. Black rhinos were observed spending considerable time feeding at ground levcl

in this arca, Examination of fresh feeding sites revealed that they were browsing freshly coppicing shoots of

A_borleae and A karroo™,

Asin Hluhluwe, the high amonnt of topkill achicved by somme burns in 1989 in Umfolozi was beneficial to black
thinos by maintaining "Acacias” in the preferred lower size classes, reducing grass competition, and creating

suitable conditions for forb growth.
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BROWSING OF NORMAILLY UNPALATABLE SPECIES

The increasing use by browsers of some normally unpalatable species during the late winter "crunch” peried
has been demonstrated for other species and other arcay (Owen-Smith & Cooper 1987; Owen-Smith 1988,
1993; Fabricius and Mencis 1994, 1991). Unpalatable woody species have been shown to be highly acceptable
to browsers in the new-leaf phase even though condensed tannin levels in leaves were still above 5% (Owen-Simith
1953). Owen-Smith (1993) interprets this as meaning that animais arc responding to the rciative balance between
nutrient ievels as indexed by protein, and anti-feedent chemicals represented by condensed tannins. One can
hypethesise that the stimulation of new leaf growth of normally unpalatable species during the early growing
season and foltowing fire may favourably alter the ratio of crude protein to these secondary chemicals (if crude
protcin levels increase and/or if levels of secondary anti-feedent chemicals decline (as less spare catbon may be
available during periods of rapid growth). Therefore the increased browsing of "stop-gap" food resources during
this period is to be expected; and to a targe measure could be independent of fire. The findings of this study reflect
the general conclusion reached by Owen-Smith (1988, 1993) that unpalatable species are eaten during restricted
periods of the seasonal cycle, either in the dry season when foliage of the more favoured species is less availabie,
or during the ncw-leaf phase. Therefore, the observed increase in use of unpalatable spizes during this period

is not necessarily a negative consequence of burning,

BURN INTENSITY AND FEEDING LEVELS

The Post-burn survaey data showed that burn intensity sipnificantly influenced hahitat suitahility in its own

right (ie. in addition to the influences of vegetation physiognomy and spize composition - see chapter 9):

- Average black rhino feeding in light/medium burnt plots was almost three times greater than in unburnt

plots. The highest proportion of plots with feading accurred in the medium bumt plots,
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- Browsing levels in severely burnt plots {clean burn - no visible fuel left) were close to average levels,

but were still 65% higher than average feeding levels in unbumt plots.

- Light/medium burnt plots also experienced the most intense browsing levels, A.caffra dominated
plots proved to be the exception to this rule, as feeding on these plots was greatest in severely burnt plots.
However this was nof surprising as almost 90% of A.caffro dominated plots experienced severe burns in
1989 ¥ On the other hand, severe burning of lowland communities dominated by E. divirorum (but not

E.racemosa) significantly reduced black rhino feeding levels.

BROWSING IN TRUE FOREST AND FOREST MARGIN PLOTS

Black rhino selected for forest plots during the post-burn flush, However, this selection contiibuted very little to
the diet compared to non-forest plots (where "dcacias" probably made up at least half of the woody dict during this

period).

CONCERN THAT PALATABLE BROWSE PLANTS WERE BEING

SELECTIVELY REMOVED BY FIRE

At a Natal Parks Board Management Recommendations meeting in 1988, Peter Hitchins expressed concern that
patatable young browse plants were being selectively removed by hot burns to the detriment of chinos (Anon

1988). At the time Hitchins did not specify which palatable species he considered were being ncgatively affected.

The evidence presented in this study shows this was clearly not the case with regard fo favenred "Acacias™.
Indeed the opposite was {rue - burning improved hahitat conditions in the short term by removiag thorns,
keeping "Acacias” it mote preferred size classes for longer, removing grass interference, and stimulating

coppice regrowth,
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Indeed if fire was as detrimenital to black rhinos as postulated by Hitchins (Anon 1988), then surely one would
not have expected the outcome of evolution to result in fire adapted “Acacias” being such preferred and important

ifems in diet of black rhino?

The FIRM analyses (chapter 9) also clearly showed that in most habitats fire increased both the proportion of plots

which black thinos browsed and the offtake levels from these plots.

While the cvidence strongly ruled out Hitchins' hypothesis in ferms of favoured "Acacias": Could other species

of palatable young browse plants have been selectively removed by hot burns?

- Dombeya burgessiae often occurs in forest margins and is a preferred food species. However this
palatable species also oceurs in more open areas which experience high fire frequencies, and this was

confirmed by the partial fire constrained ordination in chapter 16 (Figure 16.5)
- The partial fire constrained ordination in chapter 16 (Figure 16.5) also indicated that Hippobromus
pecifforus and small (<1} Berchemia zeyheri were associated with recently burnt sites. Thesc species

also increased on Hitchins™ plots despite the higher fire frequencies in N.E. Hluhluwe.

- Other preferred non-"Acacia" species (Spirastachys afficana, Acalypho glabrata, Abutilon/Hibiscus,

Maytenus nemorosa, and Dovyalis cqffra) primarily ocour in argas which experience low fire frequencies.

These ohservations are not consistent with {ire in Hluhluwe removing palatabie non-dcacia browse plants

negatively affecting black rhino food quality.

As will be discussed later, some of the unpalatable iater-successional evergreen species (cg. F.racemosa,

K floribunda, and S.umyriina) appear to be more sensitive and prone te be killed by fire (Konstant 1990 in Jith).
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CHEMICAL ANALYSIS OF POST-BURN BROWSE SAMPLES AND HYPOQTHESES TO INVESTIGATE
THE FAVOURING OF BURNT BROWSE BY BLACK RHINO

A limited number of pooled browse sample were chemically analysed #7 to investigate the quality of post-burn diets
and to look for gross differences between burat and unburnt samples. The raw data and a more detailed discussion
of the results were included in the final BR2000 report. Unfortunately, due to the small sample sizes that could
be analysed in this pilot study, the results should only be treated as preliminary. These preliminary analyses

suggested that:

Crude Pretein levels of burnt sticks were below maintenance levels, averaging only 5.0% (n=7).

Burnt twig "deacia" preference appeared to be positively correlated with calcium content, and calcium

levels in burnt Acacia twigs were high (averaging 1.27%).

In contrast to the burnt twigs, the post-burn early growing season basal coppice of burmt " Acacias"

was high in nitrogen with average crude protein levels of 18.85% (n—=6),

While the data suggested that effective phosphorus uptake from 2 diet made up solely of burnt twigs is
likely to be very deficient (especially for lactating females); the post-burn early growing season basal
coppice of "Acacias" appeared to be high in both phosphorus and potassium. Average levels of
phosphorus recorded in the samples were similar to that estimated for Addo vegetation (Koen et al.
unpublished) and Hinhluwe's black rhino should therefore be able to obtain sufficient phosphorus from

the diet.

The apparent selection for calcium has been corroborated by a recent study of browsing in Weenen Naturc Reserve
(Vickery 1997) which concluded that there was a strong correlation between soil calcium levels and levels of

browsing of woody species in the reserve, and that this may reflect a real necd for calcium in the hetbivores diet.
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McNaughton (1990} also found that wildebeest migrating through the Sercngeti actively selected for the nutrients
calcium, magnesium and phosphorus rather than a rainfall gradient, However, the high calcium levels may simply

reflect the high proportion of wood (ie structural tissue) in the burnt twigs.

While burnt browse may superficially appear fo be a low quality food, heat may increase digestibility and
palatability of burni browse by eithet reducing levels of secondary plant anti-feedent chemicals (such as condensed
tannins), or by changing more complex carbohydrates to more digestible simple supars. While further research is
needed to test the above hypotheses, supportive evidence for the beneficial effect of heat on browse chemistry can
be found in the literature. Levels of secondary plant metabelites were also found to be significantly lower in burnt
compared to unbumnt todgepole pine bark, and nentral detergent fibre in the burnt bark was at teast four times as
digestible as bark from live trecs (Jakubas et of 1994). Heat treating milled dried cut browse (from encroaching
thorn bush ) was also a factor which made browse pellets more acceptable to wild browsers (van Hoven et af 1998).
According to the manufacturer of these browse pellets, varying the femperature during petieting influenced their
accepiability (K. Adcock pers.comm.). Interestingly the Post-burn surveys (chapter 9) alse found that fire severity

significantly influenced black chino feeding levels.

FIRE, 4CACI4 THORNS AND BROWSING

Observations in Pilanesberg indicated that black rhino selectively fed on lightly burnt 4. fortilis branches that had
their thorns burnt off, in preference to other unburat branches with thoms. Broombhall (1997) alsa found {hat fire
reduced thorn length on smaller Acacias in Weenen Nature Reserve. Thus, avoidance of physical defence may in

part explain the observed heavy browsing of burat “Acacia® twigs in Hluhduwe and Umfolozi by black rhing*®.
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FIRE AND ITS SHORT TERM EFFECTS ON RHING FOOD -~ LITERATURE REVIEW

From the limited research undertaken on the responses of plants o different fires™, there is at least a basic
understanding of the characteristics and some of the cffects of different fires. The role of fire in preventing
favoured “Acactas™ growing into taller less preferred size classes is of particular relevance to assessing the
short term influence of fire on black rhino habitat. In the short term fire will benefit black rhino if i resnlts
in topkill keeping “Acacias” in favoured small size classes (especially <1m), and preventing them maturing and

becoming less palatable.

EFFECT OF FIRE INTENSITY AND FLAME HEIGHT ON LEVELS OF TOPKILL

The literature indicates that it is necessary 1o have more intense fires with high flame heights to achieve high levels

of topkill once “deacias”™ grow to above 1.5 to 2m (Trollope 1974; Macdonald 1982; Frost 1984; Trollope &

Tainton 1986, T'rollope ef a! 1988 and van Wilgen et al. 1990):

- Frost (1984) using data of Trollope (1974) and Macdonald (1982) describes a pattern where bigger

topkall rates on taller 4.karroo trees were only recorded after hot fires.

- In Hinhluwe, Macdonald (1980) observed that a 100% tapkill of A.karroo, A.davyii and E.divinarum

was only achicved when flame height exceaded plant height.

- In the Eastern Cape fireline intensitics of 2500 kW/metre were necessary for topkill rates of over 40%

on shrubs 1.5 to 3 m tall, and increascs in the levels of topkill of A.karroo, R.lucida, E.rigida and

(7.occidentalis were significantly related to increases in fireline intensity (Trollope and Tainton 1986).
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- In the Kruger National Park as fire intensities increased, increased fopkill rales and reduction in the
height of bush were recorded (Trollope ef af 1988), However, the bush became more resistant lo fire as
its height increased. As trees got over about 1.5m tall, the level of height reduction after fire in Kruger

dropped sharply (Trollope et al, 1988).

However, fires with low flaine heights may still produce significant topkill ratcs on small trees preventing them

escaping to taller stze classes where they become more resistant to the effects of fire.

- In Kruger National Park, even when fire infensities were as low as 500 kW/m the percentage height
reduction on trees less than a metre was similar to intense fires of 3000 kW/m (Trollope et al, 1988). 1t
is significant thal height reductions of over 93% were recorded in Kruger on small 0.5 m trees afier low

intensity fires (500 kW/m).

By placing a high emphasis on build ups of sufficient fuel, fire frequencies will tend tobe lowered, allowing small
(<1m) trees time to grow taller and become less influenced by fires. Thus the general conclusion that managers
should aim to apply intense fires to produce significant topkill rates (van Wilgen et al. 1990) perhaps needs the

rider "unless most trees are small, when frequent cooler fires will be sufficient" to be added.

SHORT TERM EFFECT OF FIRE ON TREE MORTALITY LEVELS

The key point to emerge from savanna fire rescarch to date, is thal while burning may achieve significant rates
of topkill, documented rates of "4cacia" morality after single fires have been low ( (Trollope 1974; Macdonald

1982, Wills and Phelan 1983, Frost 1984).

- For example, while the 1983 control burns in Hluhluwe did not achieve great success in killing wholc
trees, the extent of D.cinerea, A karreo, A.coffra and A.nilotica topkill was considered quite adequate for

controlling bush encroachment (Wills and Phelan 1983). The range of recorded trce mortalities in (hree
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areas of Hlubluwe Tollowing the 1983 control burns were as follows: D.cinerea 0% - 1.2% ; A.karroo
1.4% - 10.0%; A.nilotica 0% - 10.7% ; A.caffra 0% ; M. senegalensis 0% - 18.2% (Wills and Phelan

1983).

- Data collected by Trollope (1974) and Macdonald (1982) illustrated in Frost (1984) indicated that while
A.karroo topkill tates following fire were highest on small trees; peak mortality rates of A.karroo
following fire occurred on medium sized trees 1.75m tall (Frost 1984). While mortality levels peaked at
only 17% on 1,75m A.karroo trees, both smaller and taller trees showed reduced mortality levels (Frost
1984). Morality levels around 1% were recorded for both 1.25m and 2.25m A4.karroa trees falling to
8% and 6% for 2.75m and 0.75m A.karroo's respectively. Very low mortalities of about 1% were recorded

for 0.25m and 3.25m tall A.karreo's (Frost 1984),

- Trollope (1974) also demonstrated that mortality of A.karroo trees following complete topkill increased
with increasing stem diameter and age. It was hypothesised that this probably reflects a progressive

decline in the viability of buds in the oot collar region (Trollope 1974).

However one area requiring further research is the possible interactive effect of heavy browsing and fire together

on mortality of Acacias (sce chapter 22).

EFFECTS OF FIRE ON "S.AFRICANA"

While past literature has referred to the highly favoured S.afticana as fire tolerant (Bayer 1938), in Umfolozi |

have seen a small patch of favourcd two to four metre high S.afficana trecs swrrounded by talf grass that was

completely destroy by fire. The resuits of the Hluhluwe FIRM analyses {chapter 9) also indicated that black rhino

feeding levels were lower foll owing severe burning of areas dominated by E. divirorum (commonly associated with

S.africana).
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However, fire generally only affects small pockets of S.afficana thicket, because in more extensive areas of this
habitat there is usnally little grass fucl, and fire appears to be largely excluded from such arcas. S.efricana
acgounted for 13.7% of the Hluhluwe postburn flush woody diet with 93% of this coming from unburnt trees
(reflecting the low fire frequencies in areas dominated by S.africanag). The low grass biomass in S.afficang
communities was confirmed by the TWINSPAN analysis in Hluhluwe (chapter 8). This analysis atso showed that
S.africana dominated lowland communities had experienced the lowest recorded fire frequencies since 1955 of
any of the communities examined. In contrast to small isolated pockets of S.qfricana thicket surrounded by taller

grass, burns that penetrate extensive S.afFicara communities are also likely to be cool.

PRELIMINARY FINDINGS OF KONSTANT’S PROJECT

T. Konstant investigated changes in woody plant populations on experimental A.nilotica woodland plots in
northern Hlzhfuwe that had experienced factorial fire and bush cleaning treatments (see chapler 18 for further

details of experimental design). This section teviews her main findings and their implications for black rhino *°.

Konstant (1990 ¢n Litt.) found that fire reduced M senegalensis densities in Hlzhluwe. Exploratory Cortinuous
Formal Inference-based Recursive Modelling of the Hinbluwe Grid Survey data provided corroborative evidence

to support this*

. Similarly, repeated fire in a five ycar period was found to reduce £ crispa densities by half
(Konstant 1990 in litt ). Both M senegalensis and E.crispa are highly rejected by black thino, and in the case

of these two species, contrg! burning may therefore beunefit black rhiro in the short term.

Konstant's (1990 in [it?y results also indicated that fire on clcared plots appeared 1o stimulate the germination of

A karroo - an important black rhino food species.

Konstant's (1990 in Jiit) results also showed that in uncieared control plots, D.cinerea, H paucifiorus and ¢ a
lesser extent L.javanica and D.Jycioides increased in density following fire. The first two species are important

black rhino food plants, while the latter two are unimportant, and are rejected by black rhino for most of the year.
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She noted that over a three to four year period the important black rhino food plant D.cinerea was stimulated by

fire.

In her K divinorwn dominated site, Konstant (1990 in it} recorded that fire reduced numbers of unpalatabie
E.divinorym by over 80%. Combined bush clearing and fire at this sitc appeared to favour black rhino as
K floribunda, M.heterophylla and 1o a lesser extent E.racemosa and R pentheri declined in numbers; while
A.karroo and D.cinerea germinated rapidly after fires to become dominant species. Large numbers of seedlings
of A robusta also emerged. Therefore In this plot, combined clearing and subsequent fires favourably altered
spize composition in the short term for black rhino. However, in areas with cool fires some germination of

E.divinorum was recorded.

In a cleared A nilotica woodiand plot, Konstant (1990 in litf) found that fire had Iittle effect on tree densities,
although it altered the size structure, reducing tree heights as compared to unburnt cleared control plots - once

again benefiting black rhino in the short term.

Konstant (1990 in Zitt.) found that later successional S.myriine was sensitive to any kind of disturbance, only
becoming very common in the unburnt uncleared 4.nifofica woodland treatment, This species was particularly
vulnerable to fire as even the cool, and incomplete burns experienced by the A.nilotica closed woodland removed
almiost all Smyrting seediings. Konstant (1994 in /it )showed that germinating K racemosa individuals wérc also
very susceptible to cool undercanopy fires. Small size classes of D.[ycioides werc also vuinerable to undercanopy
burning, Given adequate fuel loads Kraussia floribunda was also fire sensitive. Hot fires also reduced the densitics
and average size of R pentheri. These short term fire induced reductions in densities of these unpalatable
generally later successional species will also not be to the detriment of black rhines. However, in this casc,
ihe longer term effects of burning appear morc important, as Konstant's results indicate that frequent cool fires
could refard oz prevent the succession of 4 .zilotica closed woodland through to £.racemosa/B.zeyheri dominated
dry forest which has a fower carrying capacity for black rhino (see chapters 16 and 20). The fire constrained biplot

in chapter 16 is consistent with this.
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INFLUENCE OF SHORT TERM FIRE VARIABLES ON PARTIAL FIRE- CONSTRAINED ORDINATION
OF BLUNLUWE GRID DDATA

Chapter 16 presents the results of a partial fire constrained spize-based ordination which found that the fire
variables significantly explained some of the residual variation in black rhino habitat composition and structure

(after the influence of a suite of cnvironmental variables had been partial ted out)**2,

While a longer {erm axis dominated by fire frequencies from 1955-64 had the biggest influcnce on habitat
composition and structere, the fire-constrained biplot (Figure 16 5) showed that a kargely independent seeondary
fire frequency axis in part reflected the influence of the two short term fire variables (Fire frequencies in the
period 1980-88, and a dummy variable for whether or not plots were burnt in 1988 - the year prior fo
measurcment)*?. The biplot indicated that frequent recent fires appear to have maintained A.nilotica’s in the most
preferred small size class. The biplot also suggested that small (<1m) 4.karr00 was also associated more with
rccéntfrequent fires than medium (I-2m) trees. These findings were consistent with the observation that although
the 1983 control burns in Hluhfuwe did not kill many trecs, topkill of encroaching species (namely D.cinerea,
A.Jarroo, A.caffra, M.senegalensis and A.nilotica) was considered “quile adequate for controfling bush

encroachment” (Wills and Phelan 1983).

While the biplot suggested that frequent recent fires reduced the size of medium (1-2m) 4.karroo trees, tall (>4m)
and to a fesser extent intermediate (2-41n) 4. karroo were associated with frequent recent fires indicaling that
A karroo is likely to be resistant to fires once it has grown taller. Other palatable species associated with frequent

fires included A.caffra and . pauciflorus.

The biplot indicaled that tallcr individuals (>2m) of the unpalatable Af .senegalensis were more associated with

lack of recent fircs, suggesting that in the short term fire may be preventing this unpalatable specics growing taller.
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Given that, in previously grassland areas, spizes associated with more frequent recent fires were generally
more readily eaten by black rhinos, and the most favoured small spizes of some important and preferced
“Acacias” were associated with recent fires, the results of the partia fire constrained ordination (Figure

16.5) were also congistent with fire being beneficial to black rhino in the shori term.

DIRECT MORTALITY RiSK DUE TO FIRE

Hitchins reports two instances where a total of three black rhinos were burnt to death in Hluhluwe-Umfolozi
(Hitchins & Braoks 1986). These records were the first reported cases of Hluhluwe-Umfolozi black rhinos being
killed by fires since 1952. Hilchins speculated that other black rhinos may have suffered the same fate without
being found (Hitchins & Brooks 1986), and that the increased firc frequencies in the 1980s may have negatively

aflected black rhino populations in Hlyhluwe-Umfolozi Park.

However, a review of Southern African Rhine Management Group (RMG) data indicated that the risk of
black rhine being trapped and burnt alive by large advancing fire fronts was small. Tn South Africa and
Namihia only one death reported to the RMG over the period 1989-95 was due divectly fo fire out of a
sample of 6,619 black rhino years. Fire is a management toel nsed throughout much of the RMG region, and
if fire was a major mortality factor we could have expected the fire risk to be substantially higher than the

recorded 0.015% fire moriality risk per anima) per year over the period 1989-95,

Regular fires in Kruger, Pilanesberg, Mkuzi and Umfolozi have also not affected population performance. The

change to a more frequent fire regime therefore cannot be invoked as 2 major cause of the Hilyhluwe decline.
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The greatest risk to the animals is probably when very intense large runaway fires occur, and the change to more
frequent burning should reduce the risks of such fires occurring. By implementing a policy of frequent cool spot
burns (rather than promoting the application of hot fires along a larpe fire front) the risk of rhino mortalities can

be kept to 3 minimum.

CONCLUSIONS

Hifchins’ hypotheses that burning may he detrimental to black rhino in the short term (Anon 1988) is not
supporied by the evidence from the Post-burn surveys, fire-constrained ordination of the Grid survey data,
Konstant cxperimental study or the literature. The opposite appears to be the case. In general barning
favours hlack rhino in the short term, and RMG data indicated that the direct mortality risk to rhinos fromn

fire was small.

In particular:

- Fire in wore open areas appears to be beneficial to black rhino in the short tevim by keeping "Acacias™ in

the most preferred small size classes and removing grass interference.

- Black rhinos were also clearly not being forced io restrict their feeding to unburnt patches. Rather they
sclected to feed in burnt patches, regularly choosing to browse on burnt plants of hoth palaiable and
unpalatable species. Further chemical analysis of burnt and non-burnt browse, and especially the study of the

effect of heat on browse palatability may explain the heavy feeding on burnt plants by black rhino.
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- Basal coppice on regrowing burnt Acacia trees during the early growing season flush period appears to

have a very high crude protein content and high levels of phospherus and potassium,
- Unless Acacia trees have grown above L5 to 2m, the literature indicates that fires do not have to be hot to
benefit black rhino, Indeed the Post-burn surveys (chapter 9) indicated thut areas receiving low {0 medium

intensity fires were generally more preferred than areas recciving severe burns.

- Cool undercanopy fires in closed woodland arc also likely to benefit black rhino by removing scedlings of

unpalatable evergreen species that could otherwise become canopy dominants.
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CHAFTER 15 NOTES

#1: "Acacias" grow in inore open ageas which not surpristngly experience the highest fire frequencies, and a high proportion of "4eacfas" were burnt
in 1989_ Thus even if there had beon no selection for burnt trees, offtake from bumt "Acacia" trees would still have been greater (than from unbumt
trees). Given the nature of the post-bum surveys (where abundance {evels of burmt and unbumt browse was not zceurately measured) it was not
possibie to caleulate accurale preference values for burnt and unburmnt "Acacia® trees. However despite this, the scale of the selection far browsing
bumt twigs indicates these were in all probability preferred as well as important dictary items. Ifbumning reduced palatability of "dcacias®, one wouid

have expected unbumt trees to have made up a far higher proportion of the diet.

#2 With the exception of A.grandicaraufa and A.rabuste, Acceias are generally not dominant in riverine and alluvial areas near to water.
A grandicornuta is strongly associated with 5 afficana, and the favouring by black chinn of lower lying alluvial areas near permanent water at this
time of year, was reflected in the increased contribution of the normally rejected A grandicornuta to the Umfolozi immediate post-bum diet (3.2%

vs 0,32%). By way of contrast [ute winter feeding levels in plots far from water in the dricr Umftrlozi were very low (chapter 93

While A nigrescens is also a domimant on delerite derived shortlands soils near the river, this specics is generally tall and all but the smailest spize

is rejected by hlack rhino. .

#3: With Umfulozi heing drier than Hluhluwe, one would expect more of a dry season crunch period in Umfolnzi {when plant moisture and murient
contenl is poor and dietary quality drops to potentially sub-maintenance fevels). Rhino may simply be secking out "green bite™ in fate winter by eating
in 10w |ying arcas whetethe higher moisture and nutrient status keeps plants "succulent” for Jonger. or by increasing browsing on evergreen or semi-

gvergreen species ("stop-gap” species) in the bush clomp vegetation

#4:For example, black rhinos were szen ta browsz the leaves of bulbous Crimem graminicola during early summer. The majority of plants of this
species showed signs of browsing in some areas. C graminicola is sommer prowing end requires full sua {Du Plessis & Duncan 19£9), and removal
of above ground grass biomass by Jate winter buming appears (o Favour its growth  The majority of Crismum's are "heavy feeders” (Du Plassis &

Duncan 1989), and one can speculate that ash from the burns may have improved soil nutrient status around these plants.

#5: Limited chemical analysis of browse samples revealed that fresh coppice during the post-bum ftush period was very high in crude protein,
phasphorus and potassiumn. However, burning was not the only reason for increased use of the Goyini basin area by black rhino during eatly surtmer.
The most important factors governing use of this arca appear to be water availability and accessibifity of favoured small and flushing Acacia browse.
Affter the first rains, black rhinos made frequent use of the numerous pans in the arca that bad filled up suggesting that the availability of surface water
was also influcnoing habitat use fevels. During the dry years from 1980 to 1983, black rhinos were alse commonly seen in this area following the
First rains during the early scason growth flush period. During these dry years. because grass biomass was [owthere were no control bums (as there

was insofficient fiel] browse plants grew more slowly and remained readiby aceessible to black rhino.
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#6: A.caffra uppears 1o be partivalarly ablc to withstand repcated scvere fires (chapler 16, Bruce Brockett personal commuaication). Repeated hol
burns may result in 4. caffra increasing at the expense of other less fire inlerant species. While this hias negative implications for gamc vicwing it is

not a detrimental chrange in terms of black rino habitat suitability as 4.caffa is a favoured back rhino food.

#7: All browse samples were very kindly analysed by Richard Eckharl of Cedarn, Fach sample consisted of 2 pooled sample of browsc from al least
three frees. One problem with this wotk was that published data on large non-ruminant megaherbivones was very fimited, and inferpretation all too
often ks to rely on inagproprate standards developed for domestic grazing animals (Kocn 1992). Resuils are prasent=d and discussed in more detai!
in the BR2000 final report.

#8; P.8. (Goodman (pers comen) also reports having witnessed elephants also favour browsing on burnt Acacias that had their thorms bumt off:

#9: Almost fitty years apo, Attwell (1948) wisely had the foresight to propose that scientific ecol ogical rescarch be undertaken inlo the effocts of fire
on savanna vegetation Sudly his advice was not adequately heeded as a disproportionately small part of researchbudgets and eflort has gone fowards
the study of applied plunt ecology and plant population biology (compared to large animal accomtancy and glamorous "big & hairy" research), This
criticism has been echoed by van Wilgen ct al (1988). Hopefully future ressarch effort will focus more on determining woody plant responses to
different fire chaructertstics (including fire:animal interactions). The results of such research would undoubtedly beof great applied value to managers

who would have increased predictability of the effects of their burning on vegetation.

Van Wilgen & Wills (1988) hiphlighted the lzmitations of most current pod fire monitaring which simply records lopkill rates of shrub specics
following management burns. Topkill is defined as the killing of above ground parts of resprouting plants without killtng the roots, They arpucd
that such monitoring does not provide answers 1o the major questions as 1o how firc should be used to achieve conservation mansgement goals. By

way of contrast, post-burn tree mortality rates have rarely been cecorded.

#10: Although K onstant never completed hier thesis writeup, some of her prelimmary findings were written up and submitted tothe Natal Parks Board

as & draft chapter in 1990 (Konstant 1990 in ist.). She is thanked for giving me permission to discuss this unpublished work,

#11: Konstant's {1990 in fi1.) [indings that M.senegalensis densitics can be reduced by fire were correborated by exploratory Continuous Formal
Inference-based Recursive Modclling of the Hlubluwe Grid Survey data. The effect of recent {ire frequencies { 1 980-R8) ondd_senegalensis densifies
was an inferaclive one with altitude and underlying geology. In Jower lying altitudes (75m-200m) where the soils were derived from Laower-Middle
Beaufort sediments, M.senegalensis demsities were significantly higher (F 5.768 DF 1,152 p 0.0175 Grouping was significant al the 3.51%
conservative level). Densities were about doublethase on Non Iower-Middle Beaufo:t plots. However on the lower bying Non Lower-Middle Beaufort
sediment plats fire significuntly affected densities. Plots which bad experienced the most frequent buming {5 or 6 s in 9 years compured to plots
bumt only 24 ticmes) had significantly lower densities of M. senegalensis (F 6.806 DF 1,79 p 0.0109 Grouping was sigaificant at the 4.35%

conservative level). Demsities om the less frequently burnt plots were approximately double those on the fiequently buml plots.
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#12: This was a two step process. The first step was te identify 2 small set of key environrnental variables which significantly explained variation tn
species canopy cover abundances in Hluhluwe (chapter 14). The next stage of the analysis was to determine whether fire frequency variables since
1955 significantly explained any more of the vaniation in the data not already accounted for by the set of key environmental variahies {sve chapter
5). The rationale behind this approach, was that if fire frequencies direcily influenced hahitat conditions in their own right, and provided sites with
similar environmentz] conditions had not all experienced identical firc regimes; then fire variables should still significantly explain some of the residual

biabitat variability (i.¢. variation in the habituf data not already secounted for by the envivonmental variables).

Tree size is a function of successional stage, which can be influcniced by management actions such as bush dearing and buming. Therefore the

constrained polynomially detrended correspondence analyses undevtaken were based on RESOURCE processed spize based cover abundance data.

As the analysis sought te nvestigate how fire had influenced wood{and succession in Hhuhluwe, 49 plots were excluded from the data set prior te

analysis. The dropped plots were eithet aherrant {identified by RESOURCE} or contained riverine forest or mature Ceitis afficana evergreen farest.

#13: The angle between biplot ammows indicated that the effect of the two short term firc variables was largely independent from the generul longer
term fire frequency 1255-64 axis. The importance of recent fires was indicated hy another rup that included the dummy variable for fires in 1988,

In this run the Firc1988 dummy variable had the hiphest secand axis inter sut carrelation and biplot score.
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CHAPTER 16
THE EFFECTS OF MANAGEMENT ACTIONS ON BLACK
RHINO HABITAT QUALITY II: LONG TERM EFFECTS OF

FIRE

362



THNFRODUCTION

This chapter discusses the longer term effects of fire on habitat quality for black rhine, and is the second of five

chapters examining the effccts of management actions on black rhine habital suitability.

Hinhluwe Grid study area’s past fire history is determined asbest as possible by both reviewing local literature and

analysing the past fire maps for the area (drawn up annaally by the Natal Parks Board since 1955).

An attempt is then made, within the limitations of the data, to examine how rates of undertying black rhing

population change varied ir relation to periods of low and higher fire frequencics.

Past fire histories derived from the fire maps at Hluhluwe Research are then examined (o see if there was any
relationship between past fire regimes and obscrved timing of major changes in Hluhfuwe vegetation physiognomy

revealed by King's (1987) study of aerial photographs and local literature.

The influences of fire frequencies ai different times since 1955 on woody spize composition in the Hluhiuwe Grid
study area are then examined using a partial firc-constrained ordination analysis of Grid survey dala (excluding
riverine, mature cvergreen forest and aberrant plots)”, and the resuits interpreted in the light of knowledge of thino
feeding preferences, The statistical significance of the results was tesied using non-parametric Monte-Carlo

permutations testing.

The data from the remeasurement of Hitchins' plots were examined for any indications of the Ionger term cflects
of firc on vegetation, and hence black rhino habitat quakity. The proceedings from a Hluhluwe-Umfolozi vegetation
dynamics workshop, Konstan{'s (1990 in /itt) findings and King's (1987) thesis were also reviewed (along with
other local literature) for references to the likely longer term effects of past fire regimes on habitat structure and

compositicn, The possible longer term interactive effects of animals and fire are also bricfly discussed.
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HLUBLUWE'S PAST FIRE HISTORY

SOURCES OF INFORMATION

Fire maps lodged at Hluhluwe Research were used to determine the history of fires in the }Huhluwe Grid study arca
since 19559 when maps were first produced. Additional sources of information included King’s (1987) review
of the literature on fire and past vegetation changes in Hiuhluwe and Zululand, papers from the 1979 workshop
and symposium on vegelation dynamics ia Hluhluwe-Umfolozi, and Brooks and Macdonald's (1983) historical

review paper.

EARLY HLUHLUWE FIRE HISTORY

A review of the literature indicated that prior to 1911, frequent annual or biennial winter burning maintained
extensive areas in a sub-climax pyrosere of open grasslands (Bews 1912, Aitken & Gale 1921, Henkel 1937, Bayer
1938, Feelcy 1978, Blakeway 1985). After the appointment of 2 Game Conservator in 1911, there probably was
a decrease in fire frequencics, although according to Capt. Potter's annyal reports burning in Hluhluwe was carried
out "whenever and wherever it was necessary” up till 1932 (whatever that means t). Notes from the 1979
vegetation dynamics workshop in Hluhluwe indicated that Hluzhluwe North became more woody during this period
(Cowles 1959 referring to Capt. Potter's teports). Nevertheless by 1936, much of Hluhluwe's vegetation was still
woodland and parkiand savanna with large expanses of apen grassland (Henkel 1937, Brooks & Macdonald 1983).
Almost no buming was underiaken in the 19305 to avoid damaging the wooden tsetse fly traps that had been placed
throughout Hluhluwe-Umfolozi (Henkel 1937). However, after removal of the fly traps there was some winter
burning between 194346 (Vinceat 1970). There were no records of fire from 1947 to 1954, and in 1954 an order
was given that no bumning should take place, although this was later modificd to allow burning of peripheral

fircbreaks (King 1987). Thus there appears to have been an eight year period without fire before firc mapping
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began in 1955, Figure 16.4 shows this was a very “dry” below average rainfall period with only 1949 being a

"wet” year.

HLUHLUWE FIRE HISTORY SINCE 1955

Annual fire maps at Hluhluwe Research were used to compile Figure 16.1 which shows firc regimes in the Grid

study area over five period from 1955-1987%.

Figures 16.2 and 16.3 illustrate changes in fire frequencies and fire return periods since 1955 when firc records

were kept and annual fire maps started to be produced.

Fire frequencies shown in Figure 16.2 were calculated in two ways.

- In the first method, the average fire return periods were calculated for the 193 Grid survey plois after
excluding 49 aberrant and truc forest and riverine plots that would not have been burnt (shaded black on

Figure 16.2),

- In the second mmethod, the Hluhluwe Grid study area fire regimes shown in Figure 16.1 werc quantified
using a470 point sampling oveday (shaded with a dot pattern on Figure 16.2). This method uscs abigger
sample size of points (470 vs. 193) but hag the disadvantage that truc evergreen forest and riverine plois

are not excluded.

Figure 16.2 shows that while there were differences between the results from the two methods, the same general
patterns emerged. For this reason, the average of the two cstimated fire return periods are given below in the text

and notes at the end of the chapter unless otherwise stated.
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Figure 16.2 The burning history of NE Hluhluwe, showing average fire retum times
calculated from 193 non-forest/riverine grid plots (left axis,black) and summarised
over gnd study area from Figure 16.1 (left axis, grey); and the mean % of the area
burnt per year in different time periods from 1955 to 1987 summarised over grid
study area from Figure 16.1 (right axis, striped) .
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Figure 16.3 Burning history of NE Hluhluwe grid study area showing the proportion of the
area burnt at different frequencies, in different time period from 1555-1687 based on daia
in Figure 16.1 . Shading gets darker as fire freq#hcy increases from white (burnt once) to
black (burnt 6 times). For example, 64.5% of the area was burnt from once to four times
over.the period 1980-87.
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Figure 16.4. Varialion in annual Hluhluwe rainfall over the period 1933-1990 (based on Egodeni dala supplied by M.Pattenden)
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Figure 16.3 was derived using only the second method (quantifying Figure 16.1 using the 470 poiat sampling
overlay), and shows the proportion of the Grid study area burnt at diffcrent frequencics in different time periods
from 1955-1987. It shows how a large proportion of the study area was never burnt from 1955-64, and that fire
frequencies during this period were low. By way of contrast, Figure 16.3 shows that after 1964 all or almost the

whole Grid Study area was burnt.

Figures 16.2 and 16.3 show that the increase in area burni since 1964 coincided with increased fire frequencies
and reduced fire return periods. This was particilarly the case in the periods 1965-71 and 1980-87 (period with
the highest fire frequencies) which were the only periods where the average fire return period feli below three
years. Fire frequencies were lower in the intervening period 1972-79. For a more detailed description of the

Hluhluwe fire history since 1955 readers should consult note * at the end of this chapter.

For comparative purposes Figure 16.4 shows abave- and below-average rainfall years since 1933.

RELATIONSHIP BETWEEN BLACK RHINO POPULATION CHANGES AND PERICDS OF BCTH LOW
AND HIGH FIRE FREQUENCIES

Since the start of fire records (1995) and prior to the Grid survey (1989) there have only been two periods with
high fire frequencies, 1965-71 and [983-89. The obvious quesiion is how have rates of population change varied
in relation to periods of both lower and higher fire frequencies ? Unfortunately black rhino population estimates
have only been updated annually since 1990, with the result that the intervals between past population estimates

do not necessarily correspond exactly to the time periods with different fire frequencics, Overtime, arca boundaries

* for many of the population estimates have also changed. Transiocations from Hluhluwe also occurred in some

years, but exactly which area animals were removed from in the rescrve was not always known, The accuracy of

a few of the population estimates (g 1982) that were not primarily based on 1D data is also lower. These factors
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make it difficult to accurately rejate the rates of black rhino population decline/increase to the different time
periods with differing fire frequencies. This has however been attempted within the imitatioas of the available data

in this chapter and Table 1.1.

- The incrcase in densities of black rhino in Hiuhluwe from 1948 1o 1961 coincided with a period of low fire
frequencies and rapid bush encroachment (chapter 20, King 1987, Aftwell 1948, Cowles 1959, Dcanc 1966,

Bourquin & Hitchins 1979, Watson & Macdonald 1983).

- Fire frequencies were also low from 1960-64, In 1961, the population crashed in northern Hluhluwe with
numbers declining over a few months from an estimated 146 to 100 (a decline of 32.2%). Much of this decline
however was probably related to the extensive clearing of Acacia scrub in northern Hluhluwe just prior to the die
off and the increase in grass growth that occurred following recent heavy culling of grazers and high rainfall (see
chapter 17). Over the post “dic-off” period 1ill 1967 the northern Hivhluwe population declined by a further 25
animals (average annual decline in densities of 3.5% per annum). No animals were translocated from Hluhluwe

over this petiod (Brooks & Macdonald 1983).

- Fire frequencies increascd between 1965 and 1971, despite all seven years having below average rainfall. From
1967 10 1972 estimated densities of black rhino in northern Hluhluwe only declined stightly from an estimated
0.842 to 0,752 black rhino/km®. However, 28 black rhino were removed frora Hluhlwwe in 1971 (equivalent to
an average density reduction of . 121 rhino/km?), and after altowing for translocations, nurabers of rhino therefore

remained relatively stable over this period of frequent fires.

- Fire frequencies declined from 1972-82 as did black rhine densities in Hiuhluwe Game Reserve which decreased
from an estimated 0.863 to 0.545 black rhino/km? (from 1973-82) . The actual decline in density was probably
greater than this, as the 1982 estimate (not based on 1D monitoring) is believed (o be an overestimate (as more
accurate and intensive 1985 ID monitoring data analysed using Bayesian Mark-Recapture techniques estimated
the density in Hiuhluwe at only 0.377 black rhino/km?). Even after aliowing for thesc translocations (five rhinos

were removed from Hluhluwe in both 1977 and 1978 with a further sixteen removed in 1981), the nndeslying

371



population trend during this low firc frequency period was sharply downwards. The end of this period coincided

with a bad drought as four of the five years from 1979-83 had below average rainfall (Figure 16.4).

- Fire frequencies increased markedly from 1983 onwards (post drought period). From 1985-1991 (a time of
frequent burning) densities continued to decline in Hluhluwe from 0.377 to an estimated 0.268 black rhino/kux’
by 1991, althongh one can hypothesise that this decline may in part have been due to a die-ofl of a cohort old
animals bor during the increase in population up to peak levels. Unfortunately failure of Park staff to keep and
age all the skulls from animals that died during this period meant it was not possible to confirm whether this was

the case.

- However, following increased elephant activity, the build up in grazer densities, continued bush clearing and
continued more frequent {ires, estimated densitics of black rhino have apparently increased rapidly in northern
Hluhduwe from an estimated 0.261 black rhino/km? in 1991 to 0.402 black rhino/km® by 1996 (Howison ef a/

1997). Interestingly kudu numbers have also increased during this period.

Thus in summary, while the increase of black rhines in Hlubhluwe up to peak levels coincided with a period
of low fire frequencics (but also rapid bush encroachment), after the 1961 population crash, the only periods
without underlying population declines (after allowing for translocations) were associated with the two

periads of more frequent fires (average fire return periods less than three years),

HLUHLUWE BUSH ENCROACHMENT N RELATION TO FIRE FREQUENCIES

King’s (1987) thesis quantified physiognomic changes on aeral photographs of Hluhluwe from 1937-82* pin-

pointing the time of accelerated bush thickening,
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Prior to 1954, "scrub" encroachment on the aerial photographs was relatively insignificant, averaging only an

increase of 0.12% per annum between 1937-1954. This was a period of low fires frequencies

The biggest increase in "scrud™ on the aerial photographs occurred in the late 1950s - also 2 period of low
fire frequencies and above average rainfall. In just six years (1954-60), the area of "scrud' increased by
73.9% to cover 20.5% of the reserve. The start of the decline in black rhino nurnbers in 1961 followed the rapid

increase in "screé"” on the acrial photographs.

As King's "scrub" category refers to later stages of bush thickening *' the initial establishment of large numbers
of small "4cacias™ in the grasslands (favouring black rhiro *) will, most probably, have taken place earicr than
1954, with the increase in “scrub” on the acrial photographs reflecting increased canopy cover (tree height and
size) of established encroaching Acacias in response to the continued low fire frequencies and weiter conditions

in the mid-late 1950s.

King (1987) also noted that while firc and bush clearing have controlied scrub encroachmacent in Hlubluwe in the
short term, it has not done so in the long terin. Watson & Macdonald (1983) noted that bush encroachment has
proceeded throughout Hluhluwe-Umfolozi despite 23% of the Park being bumnt each year, concluding that to
control scrub encroachment, fires should occur at least every three years. From 1955-89 ihere have been only two
periods in the Grid study area with average fire return periods less than three years. However, even this frequency
of burning may notbe enough ta slow woady plant thickening, as the results from burning experiments conducted
in the drier Kruger Park since 1954 indicated that the most desirable burning frequency (for the control of bush
encroachment) was annual or bicnnial, depending on grazing or fuel conditions {Gertenbach 1979). While annual
and biennizl burning in late winter during a wet period reduced woody cover in Kruger Park, triennial burns only

slowed the rate of increase (Gertenbach & Potgeiter 1979).

Although fire frequencies increased after 1964, bush thickening continued up 1o 1982, By 1982 King's "scrub"
covered 32.2% of the reserve - an area 3.27 times greater than in 1937, and between 1937 and 1982 the total area

covered by forest and "scrub” increased from 22,0% to 48.5%, It is also clear from a close examination of the 1982
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acrial photograph in Kings' thesis (Plate 3) that exicnsive areas classified as "open grassland/parkland” were also
progressing rapidly towards what King termed "scrub”. An examination of King's map (King's Figure 7) reveals
a correspondingly marked decline in areas of “open grasstand/parkdand”. Indeed, by 1985, the Post-burm

survey revealed that open grassland only accounted for 7.6% of Hluhluwe North.

King (1987) noted that the areas most frequently burnt corresponded well to those least affected by bush
encroachment, The corollary was also true. From repeatedly covering the ground in the Pilot, Grid, Post-burn and
Hitchins surveys, it was apparent that by 1989/90 much of area of extensive "scrub" in the 1982 aerial photograph
of the ceniral Hluhluwe Grid study area (sce Plate 3 - King 1987) consisted of A.nifotica closed woodland in
transition 1o lowland torest dominated by . racemosa, B.zeyheri, and R, pentheri. By mentally overlaying the fire
frequency map (Figure 16.1) it was apparcnt that most of these areas of A.nilotica dominated “serud™ werc not
burnt from 1955-1964, Given that there was no evidence of fire from 1947 to 1954 (King 1987) these areas afe

likely not to have been bumnt for at least 17 ycars {(and probably far longer than that).

Man and elephant had been absent from Hluhluwe since proclamation in 1897 Historical annuat orbiennial winter
burning probably stopped around 1911, and from 1930 till 1960 fire frequencies appear to have been significantly
reduced. If fire was solely responsible for keeping areas open onc would have expected bush thickening to have
taken place earlier. The question is why did rapid bush encroachment (early phases ot which would have benefited

black rhing allowing densitics fo increase to record levels) take place mn the 1940s and 1950s, and not before?

- A key factor may have beea that it was nof until the 19505 that pame numbers began to build up
appreciably in luhluwe reducing tree: grass competition. In the predominantly wet period from 1930
to 1944 grazer stocking rates in Hluhluwe ranged from an estimated 7.3 to I1.0 A.U./km?, Thus during
this period, fire frequencies were low, grass biomass is likely to have accumulated and reduced li ght
availability for developing woody scedlings. However, in the 1950s with game numbers building up,
viable Acacia seed would have been well dispersed by browsers, been able (o germinate and establish in
favourable conditions with few fires and reduced grass competition (due o below average rainfall and

high grazer stocking densitics).
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- Alihough there is no dircct cvidence, the use of DDT to kill tsetse flies in the reserve at this time, may
have increased Acacia seed survival rates if the DDT reduced populations of brucchid bectles (Acacia
seed predators). However other authorilies have argued that seed predation is not that important fo
recruitment of long-lived perennials (TM Smith and SE Taylor quoted in Smith and Goodman 1986;

Anderson 1989 )

In summary, the period of initial bush encroachment coincided with a dry period with little fire and the
subsequent development of "scrub™ oo the aerial photographs coincided with a wei period with little fire.
The timing of the initial establishment of encroaching species was also associated with a build up game and

followed DD'Y spraying of the reserve.

Although fire frequencies increased after 1964, woody plant thickening in Hluhluwe continued, King (1987)
hypothesised that the change in season of burn from winter to early spring may have favoured woody savanna

species at the expense of fire tolerant grasses like Themeda triandra (King 1987).

Areay of A.nilatica closed woodland io transition to lowland forest dominated by E.racemosa, B.zephari, and

R.pentheri appear o have been associated with Iack of fice from 1955-64.

PARTIAL FIRE-CONSTRAINED ORDINATION TO EXAMINE THIE EFFECTS OF FIRE FREQUENCIES
SINCE 1955 ON HLUHLUWE GRID STUDY AREA HABITAT COMPOSITION AWD STRUCTURE

The partial fire-constrained ordination analysis of the non-forest/riverine plot data”™” provides an objective iest
of the hypothesised key role of fire in Ionger term woody plant dynamics as it is highly improbable that the fire-
constrained ordination anatysis would generate statistically significant canonical axes and spize patterns consistent

with those hypothesised sumply by chance,
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If fire has had a major influcnce on woody specics composition, size struclure and successional devclopment as
hypothesised by King (1987) and Whateley and Wills (1996), then past fire frequencies should significantly
explain some of the restdual variation in habitat structure and composition that cannot already be explained by
physical and environmental variables®'!. If lack of fire in the past was a key factor governing vegetation changes
in Hiuhluwe, the first fire constrained canonical axis and canonical trace shonkd be statistically significant, and
the variable for fire frequencies from the mid 1950s to early 1960s should end up with one of the longest arrows
on the biplot. In addition, the relationship between the different spizes on the ordination biplod should reflect
hypothcestsed {Whateley & Wills 1996) sucoessional patterns in A.nilofica dominated arcas with rcjected later
successional spizes associated with the development of lowland forest (eg A.niloticad, E.racemosad, B.zevherid,

R.pentheri4, and S.myriina3) being associated with low fire frequencics in both the short and long term.

MAIN CANONICAL FIRE AXES

A total of four runs were yndertaken to pick the best subset of fire variables and ensure that each variable

contribuled independently to the final mode]*'2.

Fire significantly cxplained some of the residusl varjation inspize canopy covers (Canonical axis 1 p<0,01). Only
two firc axes were revealed (A1 = 0.084 22 = 0.064). The biplot*'® (Figurc 16.5) shows that the first fire axis
was a general fire frequency axis, with fire frequencies from 1955-64 having the biggest influence on spize
composition®*. This axis was stafistically significant (p<0.01) providing objective carroboration that lack

of fire thirty te forty years ago had 2 major influence on current Bluhluwe woody composition and structure.

The sccond fire frequency axis primanly differentiated between recent high fire frequencies in the period 1980-88

and high fire frequencies in the intermediate period 1965-1979.

The similarity in the main groupings of spizes to emerge in both the fire constrained biplot (Figure 16.5) and a

straight unconstrained Detrended Correspondence Analysis (used {o produce the 3D plots of spize abundance in
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Figure 16.5. Hiubluwe spize plot (non forest grid plots) Axes 1 and 2 from Partial Canonical Correspondence Analysis - Fire run 3
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ordination space in chapter 20) was also consistent with fire having had a major mfluence on the Hiuhluwe woody

vegctation structure and composition®™,

The following common specics and spizes were favoured by high fire frequencies (First Axis scores in brackets -
in order of increasing height classes where applicable): A.cqfffa"%(210,210,258), L javanica *'(189,194,306),
Rhus macowani (now renamed R.refimanniana) (éEl), Solanum specics (184,187), Vernonia subuligera (160),.
R.tridentata (144,159) D.burgessiae (156), D.rotundifolia (52,122), H pauciflorus (92), E.crispa (81,101) and
tall A.karroo (>4m 115). Taller individuals of these fire tolerant species were associated with more frequently

burnt patches.

A number of species and spizes showed the opposite trend being more associated with low fire frequencies since
1955 (First Axis scores in brackets - In order of increasing height classes where applicable): S gfficang (-102,-64 -
170), S.inerme (~126,-152), M.nemorosa (-56 ~65,-130), P.armata (-105,-100,-139) E divinorum (-717 ,-90,-99,-76)
Cassine aethiopica (-86) and Canthium inerme (-118). These species are associated with low lying more alluvial

areas nearer the Hluhluwe river in thicker habitat which are infrequently burnt.

RELATIONSHIP OF KEY LOWLAND FOREST PRECURSOR AND LOWLAND FOREST SPIZES TO

THE MAIN CANONICAL FIRE AXES

The fire constrained biplot (first and second canonical axes scores) were then examtined to see if fire regimes were
strongly related to spize succession in A.nilotica dominated arcas towards lowland forest as hypothesised by

Whateley and Wills (1996),

The spizes mentioned by Whateley and Wills (1996) were ordered along axis 1 in approximately the correct order
hypothesised in their successional model (ie. A.karroo, D.cinerea, A.nilotica, M.senegalensis, R pentheri,
B.zeyheri, C.africana, £.racemosa, M heterophylia, Scolopiazeyheri, Zanthoxylum capense). The fire-constrained

ordination was based on a far larger data set (number of plots and species) than the study of Whaleley and Wills
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(1996), and indicated that Kraussia floribunda, Scutia myrtina, Sideroxylon inevme and Cordia caffra were also

key indicator species associated with later stages of the Whateley-Wills successional pathway.

As fire frequencies decreased between 1955and 1964 (i.e. proceeding leftwards on axis 1 Figare 16.5 from 50

through 10 -150) the spizes showed the following pattern.

Small-medium (<2m) A.nilotica's, D.cinerea's and M. senegalensis's - - ~ ~ Small-medium B.zeyvheri's
ard C.caffra's, and taller A.nilotica’s (2-4m} D.cinerea's and M.senegalensis' - - —- - Tall >.4m)
A.nilotica's, R.pentheri's, intermediate (2-4m) B.zevkheri's and small-intermediate £ racemosa's and

K floribunda's ~ — ~ ~ S.myrtina's, S.inerme's and tall (>4m) E.racemosa's, B.zeyheri's and C.caffra

Thus mature E racemosa/B.zeyheri/S.myrtina/S inerme lowland forest was associated with the lowest fire
frequencies from 1955-1964 (probably no fires). A.nilotica's role as a key specics was also apparent with smaller
individuals being associated with higher fire frequencics, and mature tall individuals > 4m with developing

lowland forest.

The second canonical axis indicated that favoured small A.nifofica trees were associated with higher recent fire

frequencies in the 1980s (second axis scores in order of increasing height classes 180,12,30,-70).

Other key species in the succession to lowland forest showed similar patterns, with generally reducing Axis 2
scores as treg stze mmereased indicating that later successional spizes were also associated with lack or recent fire
(D.cinerea (50,12,15); B.zeyheri (89,-44,84 -150), £.racemosa (-47,63,-36,-103), K floribunda (<71,-11,-153),
M.sencgalensis (68,110,-92), R.pentheri (21,-12,52,-150), S.myrtina (-84,-82,-71,-186), S.inerme (-58 -160),

Cordia caffra (-35,17,-55) Cellis africana (-85) Fagara capensis (-122) and D.lyciodes (7,4,-36).

Tall individuals of hypothesised later successional specics (B.zeykheri, E.racemosa, K, floribunda, S.myrtina, and
S.inerme) also had lower axis 2 scores (ic were not associated with recent fires) thanearlier suceessional more fire

tolerant successional species (D.cinerea, D.dyeivides and A.nilotica).
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R.pentheri, B.zeyheri and M. senegalensis axis 2 scores ranged from positive scores for small trees to [arge negative
scores for mature trees over 4 metres. The ranges of axis 2 scores from smalt trees less than a metre tall to mature
trees were R pentheri (171), B.zeyheri (239) and M senegafensis (160). Of the three specics, M. senegalensis (-92)
had a lower mature spize score compared to B.zey}g eri and K. pentheri (bath -150). This can be cont_rasted with
K floribunda, S.myrting, and E.racemosa. The smallest spizcs of these unpalatable later successional mare fire
intolerant species received a negative score in Axis 2, and the range of scores from smatlest to tallest spizes were
tower (K jloribunda (82), S.myrtina (102), and E.racemosa (56)). This indicates that infermediate specics
R.pentheri, B.zeyheri and M. senegalensis were ¢arliey successional species than K. floribunda, Sonyrting, and
E.racemosa. However the bigger range in scores, with high negative scorc for mature tices, indicates that
R.pentheri and B.zeyheri are long lived remaining in the community, and are probabty more fire tolerant than
other apparently more firc scnsitive forest dominants like E.racemosa and Sinerme. The axis 2 scores are

consistent with Konstant's (1990 in /ity observation that S.myriina is particularly susceptible to fire.

Although there was insufficient data to subdivide C.afficana and F. capensis according to size class, the negative

axis score for these species suggest they are also later successional forest species.

The transition from intermediate size classes to the tallest mature spize produced the greatest Axis 2 score
differentials for B.zeyheri, C.caffra, E.racemosa, K floribunda, R.pentheri, and M. sernegalensis. The diffcrence
in Axis 2 scores between S inerme trees less than and greater than 2m was also large. Thus the growth of these
species seems to have been associated with lower fire frequencics in the 1980s. This makes biological sense,
because as canopy cover in closed A.nilotica woodland increases, grass species composition changes under trees
towards either the less flammable Panicum meaximum or short Dactyloctenium australe (Whatcley and Wills 1996)

further reducing the ability of firc to spread. As closed woodland develops into forest, fire is effectively excluded.
In the case of A.nilotica, there were large jumps in score from intermediate (2-4m) trees to tall mature individuals

which is consistent with the maturation of this species being critical to the subsequent development of lowland

forest as hypothesised by Whateley and Wills (1996).
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The biggest jump 1n Axis 2 scores was between smatl (<Im) and medium (1-2m) trees for both A.nilotica and
D.cinerea indicating that fire is likely to have been keeping these species in the most preferred lower size classes
(through topkill er by stimulating germination). The highly favoured small A.nilofica's were particularly
associated with high fire frequencies in the 1980s (axis 2 score 180) confirming the conclusion in_ chapter 15

that frequent fires can benefit black rhino.

The results of the fire-constrained ordination were therefore on the whole consistent with Whateley and Wills®

{1996) hypothetical successional pathway in 4d.nilofica dominated areas:

- Initially lower firefrequencies between 1955-1964 allowed large numbers of small 4. #ifotica, D.cinerea,

te develop and then grow out of the reach of fire (reducing black rhino carrying capacity)

- In time and in the absence of fire, extensive arcas of A.nilotica dominated closed woodland (further
reducing black rhino carrying capacity) developed. Intenmediate species B.zeyheri and R pentheri also

increased in density and size.

- Morc shade tolerant and fire sensitive (generally unpalatable) evergreen species like £ racemosa,
S.myrting, K floribunda, C.caffra, C.afficana, and 8.inerme then became established within the closed

woodland

- Following continued protection from fire, individuals of these species then grew up within the closed
woodland to create a lowland forest with £ racemosa, B.zeyheri and R.pentheri as canopy dominants
{further reducing black rhino carrying capacity as the palatable B.zeyheri and stop gap late winter/early
summer food R.pentheri grow out of thino reach). Highly palatable regenerating small Acacias are not
associated with these later succcssional stages. instead, more unpalatable later successional species

establish and develop.

- Eventually some of the older shade intolerant A.nifotica and D. cinereq (rees are likely to be aver-topped
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by the taller growing E.racemosa, S.inerme and B.zeyheri trees. In time some of the old A.nilofica and
D.cinereatrees die leading to reduced representation of mature “Acacios” in older F.racemosa/B.zeyheri
dominated lowland forest. In time the slower growing C.africana trees may grow up to become dominant

or co~-dominant canopy trees in the forest,

Given knowlcdge of black rhino feeding preferences, the development of lowland forest in A rilofica dominated
arcas of northern Hluhluwe following long-term protection from fire wiil have resulted in greatly reduced black

rhino carrying capacity for black rhino (see chapter 20).

ROLE OF FIRE IN A.karroo AND A caffra DOMINATED AREAS

Although A.karroc was included in the proposed successional sequence by Whateley and Wills (1996) its axis
scores did nat show the same trend as other Whateley-Wills species. In chapter 20, it is hypothesised that
succession in.A4. karroo dominated areas represents a different successional pathway and system compared 10 the

Whateley-Wills successional medel for closed A.nifofica woodland succession.

A.karroo areas are prone to build ups of tall grass, and tree canopy cover is much lawer than in A.nilotica
woodland. As a result frequent hot fires can more readily spread through such woodlands. It is thercfore harder

for fire sensitive later successional evergreen forest species to develop in A.karroo dominated woodlands.

The same is true for A.caffra dominated arcas which experience even higher fire frequencics. Given 4.karroo and
A.caffra’s association with tall grass arcas (chapter 8) it is not surprising that Figure 16.5 indicates that these twa

species appear fire tolerani. Smail 4.caffra’s represent good black rhino food.

While other Whateley-Wills species scores declined on both axes as tree size increased, if anything, A.karroo did
the opposite with talt 4.karroo (>4m) receiving the highest score on both axes (1:115, 2:140). The next highest

axis | score was attained by small A karroo trees (1:60). A .karroo has a tall spindie form in Hluhluwe and the
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results suggest this species is therefore very fire tolerant once it has maturcd.

As with 4. nilotica, it appears that more frequent recent fires were keeping smal¥/medium A karroo's in the most
favoured small size class (Axis2: A karrool 49, A karroa2 -88). Whateley and Porter (1983) also postulated that
the height of the woody plants (D cinerea, A karroo and A nilotica) varied from grass height to 4m depending on
the interval between burns. They noted this habiiat type was the most frequently burnt in the reserve, especially
during above average rainfall periods; and used the term “induced" to describe this thickel comununity because of
the effects of man made fires on its physiognomy. Frequent fires in this community should therefore benefit black

rhino by keeping plants in the most preferred sall size classes.

Thus in the short term frequent recent fires were also likely to be favouring black rhino in A.karroe and

A.caffra dominated areas.

SUMMARY

The results of the fire constrained ordination analysis were cousistent with fire playing a key role in
governing woody plant succession and community contposition and structure over much of Hlubluwe. The

results indicated that:

- Lack of fire from 1955-1964 (actually 1947-1964) had played a key role in the development of
thicket to A.nilofica woodland to mature E.racemosa/B.zepheri dominated lowland forest in areus
of NE. Hluhluwe (as hypothesised by Whateley-Wills 1996)*'? reducing habitat quality for black

rhino (see alse chapter 20).

- In contrast to A-nilotica dominated areas, plots dominated by p alatable A. caffra and A karroo were
associaled with more freguent fires and fewer fire-sensitive unpalatable later-successional evergreen

forest species,
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- The results also confirmed the skort term benefit of recent fires in keeping favoured “Acacias” in

the most favonred small size classes (chapter 15).

Knowledge of rhino feeding preferences indicated that, with the exception of some favoured species in
thicker alluvial/more forested habitats in low lying areas which are infrequently burnt (eg A.glabrata,
M.nemorosa, and 8.africana), in both the shorter and longer-term, lack of fire was associated with poorer
quality black rhino kabitzt (more taller and rejected spizes), whereas more frequent fires were associated
with favoured smaller spizes of A.nilotica, A.karroo and A. caffra, and reduced levels of generally unpalatable

[ater successional broadleaved species.

These results are consistent witk past and recent fire being beneficial to black rhino in prcviouslf ar
currently more open 4 cacia dominated habitats, leading one (o reject the hypothesis that fire bas negatively
affected black rhino by removing favoured food plants. Indeed, the earlier cxamination of black rkino
popuf ation changes in Hluhluwe since the 1961 die off, indicated that the only periods without underlying
population declines were associated with the two peciods of more frequent fires (average fire return periods

fess than three ycars),

RE-MEASUREMENT OF HITCHINS® 1969-71 PLOTS

Since Hitchins® plots were first measured, his study area was more frequently burnt than the rest of the Grid study
arca with fire return period for burnt plots ranging from a firc cvery 1.8 to 2.6 years gver the period 197285,
Unfortunately, the remeasurement of Hitchins' plots only provided weak circumstantial evidence (o suppott or

refute particular hypotheses about the influence of frequent fires for the following reasons:

- lack of any unburnt or less frequently burnt control plots in more open habitats;
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- from 1965, the period prior to the initial measurement of Hitchins® plots was one of high fire

frequencics, so initial spize composition on the plots will also have reflected a period of frequent fires.

- from 19635, the period prior to the initial measurement of Hitchins® plots was one of below averapge
rainfall in contrast to the above average rainfall prior to the re-measurcment of the plots in 1990, and

some differences between measuraments may in part be due to the probable increased grass growth in

1989-90 relative to 1969-71 {chapter 10).

- recorded declines in densities of some species on Hitchins® plots may be the result of self-thinning rather

than fire if the trees have grown taller;

- Hitchins® plots were long and very thin (100 x 2 yards) with a very low area to plot boundary distance
ratio {0.98 compared to 3.03, 2.14 and 3.45 for the Pilot, Grid and Post-burn plots) which increased the
chances that differences between cbservers in the two surveys in deciding whether planis were “in” or
“out” of the plot significantly biasing density estimates in the two surveys {(although in this case one can

at lcast examinc the relative scale of differences in densities between species).

- plots were subjected te a2 multitude of frequent and different bush-clearing treatments {chapter 18),

- given the resolution of burn maps, patches of thicker closed woodland/developing forest on plots may

have not been burnt within 2 mapped burnt arca;

- Ritchins’ plots in particular were located in the NE section of the Grid study arca, with the result that
lower lying heavily bush cleared sites on black clay soils dominated by A.karroe, [2.cinerea, .E. crispa,
M. senegalensis, H.pauciflorus D.lycicdes and L. javanica were well represented, but other communities
dominated by 4.caffra, A.nifotica, E.racemosa lowland forest, riverine or alluvial habitats were under-

represented in Hitchins” study arca (compared to the whole of the bigger Grid study area); and
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- other (unrccorded) factors in the intervening two decades may have significantly affected tree densitics
(e.g. a number of tall A.karroo trees in Hitchins® study area were pushed over by the reintroduced
elephants and A J. Wills and L. Wills [pers.comm.] observed that during the carly 1980 drought, baboons
[under rutrient stress] noticeably increased basal de-barking of medium tall 4. karroo in NE Hiuhluwe,

and that these trees in turn were then easily killed by subscquent fires %),

DECLINES IN DENSITIES OF MANY SPECIES IN OPEN HABITATS

While average densities of A.karroa (1,022 to 441 /ha) and D. cinerea (384 to 260 /ha) declined on Hitchins’s plots
from 1969-71 to 1990, so did average densities of many other species found in more open areas pre-disposed fo
regular burning (and frequent clearing) such as Diospyros species (708 to 168/ha) **, E.crispa (890 to 375/ha),
M. senegalensis (413 to 136/ha)™ and H. pauciflorus (480 to 281). Interpretation is confounded as Adcock’s
analysis of the raw data indicated that the size structure of these species also changed with more taller and fewer
smaller trees on the re-measured plots (although the majority of individuals of the specics were still iess than 2
m tall). Thus in part the reductions in densities of these species may have been the result of self-thinning as
individual trees grew taller, and this in part may also refiect that the period prior to remeasurement of the plots
was a wetter period. Interpretation is further complicated by bush-clearing on the plots, and in particular lack of

unburnt control.

Of the species associated with more open habitats, it is possibly noteworthy that, although their average height
increased, £ javanica* increased indensity (159 to 242/ha) and 4.caffra *** (although less common on Hitchins®
plots) showed the smallest relative decline in density of the “4cacias” on the plots, (108 to 92/ha). The constrained

ordination indicated that these two species were strongly associated with frequent fires.

Adcock’s graphical analysis of the Hitchins plot data in the BR2000 report indicated that I javanica densities

increased between 1970 and 1990, imespective of the frequency of bush clearing. L.javanica densities also
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increased the most on uncleared transects, and so the increase in L.javanica cannot primarily be ascribed 1o a
competitive release following clcaring of "dcacias” and M.senegalensis. This species may rather be favoured cither
the high fire frequencies, and/or the above average rainfall in years prior to remeasurement. However, although
L javanica is unpalatable, the removal of grass interference of associated more palatable spizes (eg small/medium

A.caffra) by frequent fires should at least be beneficial to black rhino).

In contrast to A.caffra, A karroo densities declined markedly on the plots although average tree height increased.
However, chapter 8 showed that the 4.cqffra dominatcd hillslope community on average only experienced
marginally higher (8% higher) fire frequencies, than the mixed A.cqffia/A.karroo dominaicd hillslope
communities, and A.karroc dominated cornunitics, A.karroo dominated areas in all probability were more
frequently bush-cleared than A.caffra dominated sites, although densities of A.karroo declincd irrespective of
clearing frequencies. This could be due to a greater susceptibility to more frequent fires (and possibly a
fire:browsing interactive effect), but it may simply reflect cither self thinning as cxisting trees have matured and
grown laller or that increased grass interference is negatively affecting re-establishment of this species on burnt

sites™

Although densities of small D.cinereq densities declined over the period in most arcas, Adcock's graphical analysis
indicatcd that overall densities remained similar or increascd slightly on the morc frequently cleaved sites (2-4
times cleared}. Thus a frequent disturbance regime coupled with frequent fires was apparently not detrimentat to

this specics.

Although generally less common, densities of intermediate and later-successional speciegin gencral {eg, B.zepher,
R.pentheri, E racemosa, K floribunda, S.inerme, S.myrtina, C.caffra and C. gfticana) remained similaror increased
on the plots, as well as generally increasing in size. This is consistent with an increase in forest development over
the twenty year period. Although general ire frequencies in Hitchins's study arca were high, (in the absence of
very detailed fire maps), individuals of these later successional species on Hitchins’s plots may have grown up on
more forcsted sites that may have been largely protected from fire. Interestingly, while densities of smatl/medium

M. senegalensis trees (<6") declined in many arcas, densities of taller (»6") M.sencgalensis trees (a spize often
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associaled with the development of lowland forest in 4.nilotica dominated closed woodland areas) increased.

The partial polynomially detrended canonical correspondence analysis (Fig 16.5) indicated that B.zeyheri was an
intermediate successional species that was more fire tolerant compared to later successional forest species like
E racemosa, 8.myrtina, S.inerme, and K floribunda. With the exception of western facing slopes, smatl B zevher
(<6" increased in density over the period on Hilchins® plots. This is coﬁsistenl with B.zeyheri having a degree of

fire tolerance*®.

LONGER TERM ANIMAL : FIRE INTERACTHONS

Although nol a specific focus of this study, it is well known that browsers and fire can have significant interactive

effects on savanna woody plant dynamics while grazer densities influence the build up of fuel loads.

Inthe Easfern Cape, for cxample, the combination of goat browsing and fire depressed densities of 4. karroo which
fire alone did not (Trollope 1980)2. De-barking by porcupines (A.J. Wills ard L. Wills pers.comm_; Yeaton 1988)
,baboons (A.]. Wills and L Wills pers.comm.) together with fire can be a major determinant of woody plant

succession .

High elephant densities together with very frequent fires can atso contribute to the opening up woodland and
savanna and the maintenance of grassland (Eg. Masai-Mara - Dublin 1993, Southern Garamba National Park -
Kes Hillman-Smith i fitf and pers.obs.). The corollary is that reductions in elephant densities as a resuit of heavy
poaching may quickly result in marked habitat changes (¢.g. The Northern area of Garamba National Park (Kes
Hiliman-Smith ir /it and pers.obs.). It has been hypothesised that the past lack of elephants in Hluliluwe topether
with the low fire frequencies in the past, contnibuted to the development of extensive areas of A.nifotica closed

woodland and subsequently lowland forest (Owen-Smith 1989, chapter 19)*%,
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To better understand the longer term effects of fire on woody vegetation and black rhino habitat quality in
Hluhluwe, plant population biology research is needed to study the interactive impacts of fire with elephants and

other browsers.

CONCLUSIONS

O The results of the potynomially detrended partial canonical correspondence analysis provided strong
evidence to support the hypothesised Whateley-Wills successional model (see chapter 20) that low fire
frequencies (especially from 1955-1964) facilitated the maturation of 4.nifotica woodlands and their subsequent
transformation to lowland forest dominated by E.racemqsa and B.zeyheri resulting in a marked decline in black
rhino carrying capacity in thesc arcas. Chapter 8 and the fire constrained biplet also indicated that the palatable
A.caffra and A.karroc were associated with taller grass areas and higher fire frequencies, but that with low fire

frequencies these plants were likely to grow up in height and become kess palatable for black rhino.

0 The evidence presented in this and the previous chapter does not support the hypothesis advanced by
Peter Hitching at the 1988 NPB meeting (Anon 1988) that past fire frequencies in Hluhluwe have been
detrimental to black rhino by selectively removing their favoured food specics either in the short er long
term. Indeed the evidence indicates that Hluhluwe's black rhino carrying capacity is likely to have been

higher today had fire frequencics been higher thirty five years ago.

o As knowledge of how fire frequency and intensity (and browsing) interact and affeci the population biology of
key species improves, so will our ability to interpret the longer term impacts of alternative burning regimes on

black rhino habitat suitability.
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CHAPTER 16 NOTES

#1: See chapler 4 for details of analyses and Appendix 4.1 for a layman's guide to the methods,

#2 The NPB fire maps were usefu!l in studying the effects of fire retum periods and time since last fires on vegetation. However, readers should be
aware that there arc limitations when using data from past fire maps. Firstly, not all the areas shaded as bomt on a bum map may achsally have been
burnt (eg foresl patches or some open arens when bums were paichy). Secendly, simply shading an area on a map gives no information on the
characienistics of 1hat fire. Thal there is little information about past fire behaviour on many of the bum maps is due in large measure to logistic

problems.

#3; Evidence to support this comes from:
- Whatcky's observation that annua! burning on the firs breaks arqund Hiuhluwe maintained areas of apen grasslands (Whateley & Wills
1996).
- Photographs laken during the Zululand war towards the end of the bast century.
- The finding that annual burning increased grass cover in 2 high rainfafl (>1000mm p.a.} savanna in Nigeria (Sharma 1986).
- Frost's (1984) demonstration that repeated burning, and particularly successive bumsat short intervals, adversely affected the survival

of resprouting woody individuals.

The following sections give additional historical information on fire regimes prior to 1935,

[n 1938, Bayer wrale "that as long as the usual annual grass fires are allawed (o pass through. thormveld remains open. The effect of fires 15 to
refard the succession and (o prevent the development af thickets. There is no doubit that in the absence af fire thorn veld would close up to form
a closed woodland. It would seem that iypical open thorn veld does not represent a climatic climox type of vegetation, but is virtually a fire sub-
climax. Kxactly what the composition of a true climatic climax would be cannot be determined, since no thorn veld vegetation which is imnune
From the effects of fire exists in Zululand, and it seems quite Impossible to provide permanent protection from fire for any portion of the

vegeration”,

While liphtning cansed many fires, man has been regularty introducing fire into the more open argas of soulhern Africa for more than 130,000 years
(Hall 1984, Blakeway 1585). King (1987) argued that jt is important to seg anthropogenic fircs as a central compenent in the ecology of grassland
communities rmther than as an exbraneous factor. Hall (1977) and Feely (1978) have also proposed that the increased frequency of fires associated
with hutnan oocupation which dates back to Palueolithic times, scrved initially to reduce the proportion of woody communities present in Hiuhluwe-

Umfolozi, and thereafter to maintain the dominance of prassland communities.
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Waison & Macdonald {1983) also concluded that “the reduced frequency with which vegetation was burnt and the removal of other human
influences follawing the reserves’ proclamation is seen as afundamemal foctar responsible for the recent increase in the Complex s woody plant

communities”,

#4: A similar map was dravwm up for the Umfolozi study arca and included in the BR2000 report.

#5: The following sections deseribe fire regimes in different time periods:

1955-59: Due to lack of control in the early days, some areas {usually adjoining fice breaks) were nlso bumt tn the Hiuhluwe Grid study area {which
has been burnt more frequently than the rest of Hluhluwe-Umdolozi) the fire return period from 1955-59 averaged 11.8 years. This period was
predominantly an aversge 0 “wet” period with two of the five years being “wet™, two “average™ and only 1959 being a “dry™ year. On the

assumption that no fires took place between 1947 to 1954, then the average fire return period from 1947-59 increased to 30.8 years.

1960" s: From 1961 there wes 2 change in, policy with large areas of the reserve again being bumt, From 1960-64 the average fire return period was
estimated at 6.5 years, although a high proportion of the area still remained unburnt (Figure 16.3). Onthe 193 non{forest/riverine Grid study plots
the fire frequencies varied from nought to three fires in the five year period, and fire return periods ranged from 1.7to= years. The period started
with a “wet"” year with the remaining four years being close Lo averape minfall favels {Figure 16.4), Singe 1965, progressively larger arcas of the
reserve were burnt at increasing frequencies using natural barriers and roads as firebreaks. Between 1965 and 1571 the average fire return period
inthe Grid study area dropped 10 2.8 years despite the fact that the period had seven consecutive Years with below average rainfafl. On the 193 non-

forest/riverine Und study plots the fire frequencics varied from nought to five fires in the seven year period,

1970s: Although ruinfali levels increased from 1972-79 with six of the eight years having above averuge rainfall, fice frequencies declined, with
an average fire refumn peried of 4.0 years from 1972-79, Onthe 193 non-forest/riverine Grid study plots the fire frequencies vatied fom nought to

four fires inthe eight year period

1980s: Fire frequencies increased markedly during the 1980s to average a fire every 2.1 years in the Hluhlewe Grid study area from 1980-1987.
On the 193 non-forest#riverine Grid study plots the fire frequencies varied fron nought 1o six fires in the eight year period, Four of'the five years from
1979-1983 were “dry’” years followed by a “wet™ period with five of the next six years (1984-89) having above average rainfall {Figure 16.4). Fires
were more frequent in the wetter mid-late 12805 and between 1983 and 1989 the average fire return period on the 153 non-forest/riverine Grid study
plots was 1.3 years. Although this is probably the first time since proclamation that fire frequencies may have been equivalent to historical fire
frequencies during above average rainfall periods; not all arces in HluhJuwe will have experienced such a high fire frequency. This is because

extensive arcas which were marked as bumnt on the burn maps, will contain unburnt patches {especially closed woadland and forest arcas).

In sovemary, average fire frequencies have increased s(gnificantly since 1959 with an increased proportion of the total area burnt. Only

two periods (65-71 & 83-89) had average fire frequencles ofless than three years.
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#6: King analysed the acrial pholographs of Hluhluwe taken in 1937, 1954, 1960, 1975 and 1942, The timing of the phatographs foctuitously

allowed the 1iming of 1he major bush thickening to be identifted.

#7: Readers should be aware (hat King's "scTub” categary is somewhat misleading as the term *sorub” is used in a different way than it is pormally
used. Ground truthing indicated that King was really classifying thicket and nearly closed woodland as "scrub®. In additian many areas which were

classified as "open prassland/parkland” by King on the 1982 photograph (Platc 3 in his thesis) were bush encrouched in 1989/90,

For example, the slope 1o the west of the Ngunqulu drainage line was an A.aifotica deminated closed woodland developing into a lowland forest in
1989/90. On tht 1982 agrial photograph King classified this area as "parkiand/open wooadland™. On closer exatnination, the photograph shows there
was alrcady a substantial woody biomass present in this area. Most of the areas classified as open prasstand/parkiand on the 1982 aerial photograplh

are jpore textured and a darker grey than known open grass arcas in the study area such as the old 1anding strip or hilltop ridges,

To be classed as "scrub”, the vegetation therefore had o be a denve thicket or almost closed-closed woodland. Indeed many of the areas
classified by King as "scrub® on the 1982 acrial phatograph of central north Hiuhluwe are now lowland forest dominated by tall £ racemasa and

B.zeyheri_ In the case of dense thicket, the trees are unlikely to be the most preferred smaller zize classes.

Therefore prime rhino habitat in terny of denslties and size class of " Jcacias” is likely to oceur af the mediun to denser end of King's
"apen grassland/parkland”®. By the time the area had become "scrub” 1t is Hkely fo be sub-optimal For hlack rhine. King also noted that the
aseas designated "scrub” have progressively appeared more dense, and that by 1982 arcas classified as "scrub” supported closed to almost closed

canopy vegelation

Given kinowledge of black rlino feeding preferences (chapters 6-13); one can expect that the rapid lerease B "serub® in Hluhlowe from
19551982 to have reduced habitat quality for black rhino. King's ohservation that the areas of *scrub® seem to have got denser (2. became more

closed) over time also poinis to a further decline inhabitat quality.

#8: Conditians would undoubledly bave been mest favourable for black rhino during this peried as densities of favoured small A.nilotica, A karroo,

D cinerea and A.caffra will have been high prior to their growing up and bush encroachment becoming noliceablc®.

*Based on personal infervicws, it appears that people really only notice when bush encroachnent has propressed (o a slage where visibility Las
decreased, canopy cover has increased, andfor the bush becomes mare impenetrable and harder to walk through. Given Liuman nature one would
therefore expect more mention ta he made of the rapid expansion of areas of “sarub” (as defined by King in his analysis of acrial pholographs) tather

ki the establishment of small "Acacias™ (so favoured by black rhino).
#9: Alihough there is 1o hard evidence, it has been speculated that the acrial spraying of DT {from 1947-1952] Lo cantrol tsetse fly night have contributed to increased

Acacia seest viability (and higher genminalion rates) by redueing bruccid bectie damage of dcacia secds (Rourquin & Hitchins 15979, Macdonald 1979, AJ. Wills

PEIS.COMTL).
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However, argumeat sguinst DDT being a major factor comes from T M.Smith and $.E- Teylor (unpublishod quoted in Smith & Goodman 1986) who coucluded
that peither seed predation in wnder canopy cavironments, or lack of penningtion uppearcd 6y be & factor limiting Acacia establishment under canopies. Rather
it was the high scedling mostality of "Acacia’s” under crnepies that wes responsible for the Acacia s eatablishing in open arcas, Andemsos (1989) Las ulso
argued that seed predation is not that impostant o recruitmeat of bopg-lived porcnnials. Even when insect scod prodators destroyed 95% of sceds, Andemon
{1986) concluded that theas losses did not peceanarily have en jmportant impact os populatioa recruitment, becavse in most years, mxruitment appeared to be
maore limited by w rarity of aafe sites ant Dot seed supply. Emat et al. (1990) wleo indicated that scod predatios by brucchid beetlen on 4. nilotica sced was

varisble from year lo year depending on the quantity of sced produced. In yeam of good seod production aced survival was higher.

#10: As the aim of the constrained ordination was 1o detormine how fire had influcnced woodlznd suscession in Hluhluwe, 49 plots wete excluded
from the data set phor to analysis. The dropped plots were either aberrant {identified by RESOURCE) or contained riverine forest or mature Celtis
afticana evergreen forest which would sot have been bumt. Tree size is a function of successional stage; and therefore the four partiafly constrained
pelynomially detrended correspondonce analyses undertaken were bazed on RESOURCE-processed spize-hased cover sbundance data,

King (1987) also determined that trug everpreen forest Favoured higher moist kocafions, and had been spreading downwards; and its expansion being

favoured by wetler periods. The differing responses of forest compared to “scrub™ noted by King (1987) indicates that the removal of forest plots from

the dataset prior to parfial constrained ordination was highly desirable.

#11: Asfire cffcots ape partially confounded with environmental variables, detennining the effects of fire frequencies since 1955 {the start of official
fire records) on black rhino habitat composition and structure was & two stage problem. The first step was to idemtify 2 small set of key environmental
variahles which significanily explained variation in species canopy cover ehundances in Hluhluwe (chapter [4). The next stage of the analysis was
to determine whether fire Freyuencics since 1955 significantly explained any more of the variation in the data not alresdy accounted for by the set
of key environmental varizbles (this chapter). The rationale behind this appreach, was that if fire frequencies directty influenced habitat conditions
it their own right, and provided sites with similar epvironmental conditions had not alf experienced identical fire regimes, then fire variables should
still significantly explain some of the residual habitat varability (i.¢. variation in the habitat data not already accounted for by the environmental

variabjes)
#12: Run 3 was selectad as the best model.
#13: For a non-technical explanation of what biplots show and how to inferpret them interested readers should read Appendix 4.1,

#14: In another run (4) where only three fire frequency variables (1955-64, 1965-79 and 1980-88) were used to constrain the ordination (after
parialing out the 14 key environmental variables), and the canonical correspondence 2nalysis was detrended by fourth order polynomials only one
highly signiticant canonical axis was derived (11 0.0829 p<0.01) and the Species:Environment comelation (in this case really aspize: fire frequencies
correlation) was 0.632. The scores of the fire varialles again indicated that fire Trequencies from 1955-64 {185) agaln had the biggest
influence on community stricture, followed hy fire frequencies from 1980-88 (83); wit), fire I‘requcﬁcies from 1965-1%79 having the lcast
effect (20). The t-values of the regression coefficients and inter set correlations showed the same pattem, When other fire frequency variables weve

included as passives the longest biplot arrow still was for fire Fequencics from 1955-64. Similar species: fire relationships were revealei to the

main run.
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~ A caffra, Lhus rehmanniana,1all A karrao, Salonum species, Vernania, Rieicissus tridentaw, Lippia javanica, Dombeya rotundifolia, Dombeyo

burgessiae and Hibiscus species being associated with hiph fire frequencies.

-Onthe other hand A.glabrata  tall A .nifotica, tall B.zeyheri, Cassine aethioptca, Canthium inerme, Cordia cafff a. Adenopodia spicata, Dicspyros
simmit, £ rigida‘ameena, £ divinorum, E.racemosa, Kflortbunda, M.nemorosea, Plectronielia armata, S.myriing, S.inerme and 8.africana were

associated with lower fire frequencies st the other end of the canonical axis.

- While taller L favanica's were associated with mone frequent fires {Axis 1 scores by increasing heiphl classes 184,193,292) D.lyciodes (91,30,-23)

and M. senegalensis (41,37,-29) showed the opposite trend.

Qnge again clear support is provided for buth the existence of the Whateley-Wills suecessional pathway {sea chapter 20), the important role of fire
in goveming succsssion, and the negzative consequences for btack rhino ofthe developrent of closed A. nilofica woodland and especially lowland forest
dominated by E.racemosa and B.zepheri. The resulls of this analysis show that overall food quality of the habitat for black rhine will have declined

as a consequence of lack of fire (especizlly 1955-64 - actually 1947.64).

The foliowing key Whataley-Wills (1996) spizes have been ordered according to their position on axis 1 - the more negative the score the lower the
firc frequencies since 1955 The symbols in brackets give the spize dietary importance rating caloulated duding the Grid survey: D ériotdesi 91 {---),
A.nilotical 48 (**, ***in Umfolozi), M -senegalensis} 41 {~), M senegalensis2 37 (—), D.cinerea 35, (*, **in Umfolori),D lycioides? 30 (),
A-nilotica? 22 (***), D.cinereal 14(%*, ***in Umfolozi), Rpentheri2 9 (—), B.zevheril -5 (*), A.nilotica3 -14 (**, *in Umfolezi). B.zepheri2 -15
{*%), D.ycioides34 23 (—), D.cinereai4 -25 {(—), M senegalensisi4 -29 (—), Eracemosa2 -3 (—), Ceaffra2 -39 (—), R.pentheri! -50 (—),
C.ooffral -52{—), E-racemosa3 -53 (—), K floribundal €1 {-), R pentheri¥ 64{(—), E.racemosal 64 (—), R pertheri3 -4 (—), A.niloticad
-5 (===}, B.zeyherid -T5 {(—), B.zeyheri3-79 (*), C.caffro34 -103 (), Erigida/amoena 106 { ), S.myrtina? -108 (--), K racemasa4-110 (—),
S.inermel2 113 (), K floribunda34 115 {—), S.myrtina4 -116 {(—), Smprtina3 -117 (—), Smyrtinal -142 (-), K floribunda2 -145 (), and

Sinarme34 -154 (—). Clearly black rhinos favour the spizes associated with high fire frequencies since 1955,

Smallmeditun D.cinerea’s and A.nilotica’s (<2m) were rated as highly preferred to preferred food items in Umfelozi where grass interference levels
were lower. The average axis score in Hluhluwe for these three key preferred food items was +29,75, The average axis score of the other four preferred

o slightly preferrcd food itemns was -28.235. The remaining 26 highly rejected food items averaged an axis 2 score of -$8.0.
#15: If fire had a minimal influence an woddy species compaosition and structure one would have expected the partial fire constrained biplot to reveal
very different pattems to those emerge in the DCA {used to penerute the 31} spize abundance surfhces in ordination space in chapter 20), and the fire

constrainad axes (Figure 16.5) would have had lower cigenvalues and possibly not beeq statisticz By significant.

#16: AIf . Wills {pers. comm), plant ecologist based in Hiuhbuwe from 1981 to 1990, also remarked on the ability of 4.caffra to withstand repeated

severe fires, and B Brockett (pers. comm.) alsa belicved that this species has been favoured by frequent intense fires in Pilanesberg National Park.
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One can spaculatz, that the ability of 4 caffra to germinate and establish in areas predisposed 1o high levels of grass growth and frequent fires, may
reflect an ability to accumulate sufficient root reserves during a below averape rainfall period to epable emerping trees to withstand subsequent fires
and increased grass compelition. Wills & Phelan {(1983) did not record any martalitics of 4.cqffra’s following the 1983 conlrol bums in Hiuhluwe.
During such below average rainfell periods grass commpetition will be al its lowest and any emerging plants will be temporarily protected from fire.
Avoidance of grass compet tion, yrobably explains whtythe lilerature consistent [y has indicated that periods of rapid bush encroachment have occurred
during dry periods, Indeed Konstant's work showed that establishing "Acacia seedlings were very susceptible te grass competition. It is noticzable
that A caffra is one of the quickest species to flush and grow rapidly after the first spring rains. This may be a siratepy 16 combat gruss competition.
It remains to be seen whether or nol 4.¢affra's apparent ability to thrive under Frequent intense fires may give it a competitive advantage aver more

fire semsitive "Acacia” specics.

#17: Foliowing bush clearing, and despite more frequent fires, A.J. Wills commented thal L javanica had continued 1o expand in bush cleared sites
in North Hiuhluwe. In most of Hitchins® 1969-71 plots that we remeasured L. favanica had ingreased, confirming the expansion of (his unpalatahle
species since 1970. L javanica's ability totolerate frequent hot fires is shown by ils representation in A.caffra hilislope communities which capericnce
frequent hot fires. Indeed intermediate L javanica (2-4m) was the spize most associaled with overzll fire frequencies since 1955 (Figures 16.5).
Chapter 7 also showed that in the Hiuhluwe study area, 4.eqffra hilislope communities and L javanica Jominated lowland communities have been
more frequently bumd since 1955 thae other communities. L javanica is strongly rejected by black thinos during most of the year. However, Konstant
{in tirt) found fire did not stimulate growth of this species as much as the more palatable X pauciflorus and D.cinerea. In addition higher fire
frequencies ocour in arcas predisposed to increased prass prowth. Those same conditions thal favour grass growth tmay also favour growth of

L javanica.

#18: AL Wills and L. Wills (pers.comm.) noted that in droughts, baboons (under nutrient stress) noticeably increased barking of medium tall
A karroe, These trees in tum were casily Killed by subsequert fires. For example, following bush clearing around 1970, a dense almost impenetrable
A.karroo thicket grewup and developed on the bush deared area behind the Manzimbova house on the way to Gontshi. Duning the drought period
in the carly 1980s, baboon were observed to strip bark from most of these trees (A.J, Wills and .. Wills pers.comm ). Subsequent fire in these areas
then kifled the majority of the 4.karroc's, opening the arca up again, and maintaining those trees that remained in the more preferred shorter size
classes (A LWills pers.comm ). Thus the combination of below average rainfall periods, baboons, porcupines and subsequent hot fires may have
trnporarity maintainsd or create small medium A.karroo habitat rather than promoting the develapment of mature tal} 4 karroo woodland. This arca

was subsequently re-cleaned. By 1993, A kerroo thicket bad repenerated on the area (see Figure 17.2).

#12: Diospyros species declined markedly in all areas over the twenty year period, supporting the hypothesis that members of this genus arc fire

sensitive.

#20: Deusities of smaller/medium M. senegatensis declined on Hitchins® plots irrespective of clearing frequencies . This supgests that frequent fire
may reduce densities of this species. Konstant (1990 int firr,) found that in the short tenm, fires reduced densities of this species, and the preliminary
FIRM analyses of the Grid data set indicated that repealed fire reduced densities of this species. However, in 1989, low lying areas in N.E.Hluhluwe

stilt contained many individuals of M. senagalensis despile those areas experiencing amongst (he highest fire frequencies recorded in Hluhluwe since
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1855. A.LWills (pers. comm) noted that uader a regime of more frequent hot fires, the highly rejected M, senegalensis appeared to spread faterally

by vegetative snckering underground. Clearty fire alone is insufticient to completely contro] this unpalatable encroaching specics.

#21: It remains to be seen what impact the increase in densities during the 1990s of mixed feeders (and especially impala numbers) in northern
Hiluhluwe may have on woody plant dynamics (possibly in interaction with fise). ‘The current research by Prof William Bond and colleagues is
awaited with interest given the findings of Trollope (1980). However it is noteworthy 1hat the large numbers of mixed feeders in the area a few years
prior to the die off (indicated by the very large numbers culled af the time) did not prevent widespread development of Acacia thickets and the

concomitant build up in black rhino to record densities,

#22 B.zeyheri may also bave been responding fo an increases in canopy cover (and hence suitable seed dispersal {via birds) and germination sites

in some areas).

#23: Trollope's {1980) work in the Rastern Cape ofearly highlighted the importance of considering the interaciions between fire and hetbivory. He
found that poat browsing and fire together effectively reduced densities of 4 karreo following a single intense head fire, and that fire alone was far
1ess effective. In subsequent years, the bush density on the burnt plot (without poat browsing) steadily increased despite annua! fires {albeit in the form
of dwart coppice bushes), whereas goat browsing and firc prevented any re-esinblishment of the bush (Trollope 1988). The culling of browsers and
mixed feedzrs in Hiubluwe North inthe early 1980s therefore may have been counter prbductive interms of controlling bush encroachment. Prof. W.

Bond and co-workers (UCT) s currently studying the effect of browsing on Akarroo population dynamics in Hluhluwe.

#24: In N.E. Rluhluwe noted thal 4. karroo trees which were damaged in NE Hluhluwe (some bark eaten) by porcupine and babouns (in droughts)

appeared to be very susceptible to being killed by subsequeni fires {ALJ. Wills and L.Wills pers.comm.).

Yeaton (1988) also found that the interactive effect of porcupine damage and frequent buming was & major determinant of woody plant sticcession
at Nylsvley Nature Reserve. Apart from increasing susceptibility to fire, Yeaion (1988) noted that remnoval of bark also predisposed mature trees to
an earficr death by increasing the risk of fungal aftack; and that it ofien took a number of fires to kill basally damaped trees. In this case succession

would lead to a closed woodland were it not for regular fires and trec mortality caused by poreupines (Yeaton 1988),

A simular phenomenon was observed on an isolated mature A.nilotica tree at Gontshi in N, Hluhluwe, The tre had been partially basally de-barked
and was watched over a three vear period. The first burn did not kill the tree, However, a subsequent hot firz sef the tree on fire at the base at the point

where the bark had been removed a few years previously, and the base of the tree butnt and smouldered through until the whole tree fell over.

#25: This interactive effect may be particularly important when one considers the likely fisture long tarm impacts of elephants and fire {and also
speculate about the possible influence of the lack of elephants and infrequent fires in the past) on Hluhluwe woody dynamics « given that during
ficldwerk it was noticeable that mature A nilofica trees were one ofthe spizes which elepharts debarked the most in northern Hiubluwe, In the earfy
1990s elephants also pushed aver many tall spindly Akarroo. Thus it may be that mature 4. karroo and A nilatica mortality levels may increase

when both clephants (baboons and other browsers) and frequent fires occur together, compared to either elephants or fires operating on their own.
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It has been well established that “deacias” do nof grow under their own canopics (Stnith & Goadman 1986 Whateley & Wifls 1996). The removal
of maturc 4.mloiica’s apd A.karrod's therefore will also create gaps and more open areas, which if burmt showld provide sujtable sites for the
cstablishment of favoured small "dcacias”, Increased mortality of tall A mifatica’s may alsa retard or stap the extensive development of closed canapy
A.nilotica woodiand which is the precursor to the development of E. racemosa/B.zeyheri lowland forest. Increased mortality of mature 4 nilotica

und 4. karree trees should in i henefi hlack rhino,

P01, Hitchins (pers. comum. )} also noted that tall Cusyonia spicata densities have declined in Hiuhluwe . Our ohservations in Hluhluwe revesled that
1his decline appearcd to be in lacge measure duc to another animal: fire interaction. Damage of basal bark by buffalo bulls and especially more recertly
hy elephant make this species valnerable to fire. Many trees have been humt following removal of the protective bark whereas undamaged individuals
appear to survive fires. However as tall €, spicata trees are not black rhino food, fire:animal induced declines in this spize will not adversely affect
black rhino feeding; although some favoured "resting” trees may be removed. Although not really of importance to black rhinos, during fieldwark

it was also noticed that elcphants regularly doharked 4.robusta and S.brachypetala trees in lower lying areas. The latter specics was also noticed

selectively debarked by clephants in Botswana's Tuli Block (Bruce Page persona] communication).
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CHAPTER 17
THE EFFECTS OF MANAGEMENT ACTIONS ON BLACK
RHINO HABITAT QUALITY III: SHORT TERM EFFECTS OF

BUSH CLEARING
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INTRODUCTION

This chapter focuses on the tikely short term impacts on black rhina of bush clearing, while the following chapter
focuses on the longer term cffects of bush clcaring. As with previous chapters, this chapter interprets resultant

changes in woody spize composition in terms of knowledge of black rhino browse selection patterns.

DI THE EXTENSIVE AND SELECTIVE BUSH~-CLEARING IN 1959-60 CATALYSE THE 1961 DIE-OFF
QOF BLACK RHINO TN NE HLUHLUWE ?

Between 11 July and 27 October 1961, 46 black rhino died in NE Hluhluwe (part of the Grid study area). At the
time this area had the highest recorded density of black rhino in Hluhluwe-Umfolozi, and had also recently
experienced heavy culling of grazers and extensive bush clearing of Acacia scrub. Some anthors speculated that
bush-clearing probably negatively influenced the rhines in the area (Thomson 1992). However, at the time there
was no clear evidence the die-offs were due 1o nutritional stress as all the dead animals did not appear in bad
condition, pathological examination of samples from five of the rhino that died were inconclusive, and the deaths
oceurred in all sex and age classes and not predominantly in young and older animals as would be expected if

starvation was the primary cause (Hitchins & Anderson 1983),

However, upon closer examination, the evidence indicates the very extensive clearing of Acacia scrub in NE
Hlukluwe in 1959 and 1960 was probably a cansal factor of the 1961 "dic-off* of 46 black rhinos in this area. The

logic behind this assertion is as follows:

- Just prior to the sudden die-off of 46 black rhino in northern Hiuhluwe in 1961 the area held the highest

natural density of black rhino ever recorded (1.638 black rhino/km? - Table 1.1).
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- The development of encroached thicket had been very noticeable since 1948, and historical records and
increases in areas of “scrub” on past aerial photographs (King1987) suggested that the high densities of
favoured small “Aegeias™ were probably increasing in size and becoming less favoured just prior (o the
decline. If this was the case, the carrying capacity for black rhino may have peaked or already started to
decline around the time of the mitial extensive bushclearing in N.E. Hiuhiuwe. If such an initial decline

in camrying capacity took place prior to 1959, this would also not have been obvious to most people®!

- Scen against this background, Figure 17.1 shows that the early bush dearing in Hluhluwe Grid study
area in the lalec 1950s early 1960s was very cxtensive”. Almost a third (31% ) of the Hiubluwe Grid
study area was bush cleared at least once from 1957 to 1960, with 29% of the Grid study area being
cleared in the iwo years prior to the 1961 die-off. The most extensive bush clearing in any ane year
also occurred in 1960 - the year prior to the 1961 die off - when 19% of the Grid study area was
cleared for the first time with a further 3% being recleared (Figure 17.1). The bush clearing was
concentrated in the north eastern part of the Grid study area {(where the die-6ff occurred), and so
the proportion of the north eastern area that was cleared was significantly higher than that of the
Grid study area as a whole. The initial bush clearing also selectively cleared the 4. karroo /
D.cinerea / M.senegolensis dominated serub aveas (which provided much of the rhino feod). Thus
probably over half of the nerth eastern arca of Hluhluwe was cleared in a two year period ,and

much of what was sclectively cleared was rhino food (such as 4.karroo and D.cinerea).

- To compound the problem facing black rhino in north east Hivhluwe, Hiuhluwe’s first resident
ecologist, Roddy Ward (1962 and pers. comm.) reported that a build up of grass in Hiubluwe went
hand in band with game conirol measures initiated in 1958". Natal Parks Board tecords show that
during the period 1954-64, the biggest reduction in large grazing/mixed feeder biomass accurred
in the area in the two years prior to the die off (1959-1960), when a total of 6,136 warthog, 1,762
wildebeest, 1,864 impala, 769 zebra and 729 nyala were removed from Hiuhluwe (Brooks & Macdonatd
1983). Ward {pers comm) further noted that it was "not until the winter of 1960 or better still, that of

I1961" that the build up of grass couid be seen clearly.
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Figure 17.1 Proportion of NE Hluhluwe grid study area bush-cleared from 1957
to 1987, showing % of the area newly cleared each year, % of the area with
reclearing, and cumulative % of the area that has been cleared at least once.

% of N.E.Hluhiuwe Cleared

Year

Cummulative area cleared

Clearing of new areas

Reclearing




- Three of the four years, 1957-1960 (including 1960) bad above average rainfail, and this will also
have contrihuted to the increased grass growth prior to the 1961 die-off. As northern Hluhluwe
is moister than much of the rest of Hlukluwe-Umfolozi Park, it is also more predisposed to the
growth of tall grass. Following the widespread bush clearing, tree:grass competition will also have been

reduced, further favouring increased grass growth.

- The combination of increased grass growth and the removal of such a high proportion of available
palatable browse in an one area in such a short time period, at time when rhino densities in the
areas were at record high levels, and habitat quality was probably alrcaﬂy declining must have

markedly reduced black rhino carrying capacity in the norih east in the short term,

- As the surrounding (uncleared) areas of Hluhluwe were also occupied by many other rhinos,

dispersal opportunities for animals living in north eastern Hluhluwe were limited.

- In turn, the removal of very extensive areas of Acacia food in N.E. Hlubluwe, compounded by
increased grass interference is likely to have both reduced dietary quality and forced black rhinos
in the area to increase their consumption of unpalatable species with higher levels of secondary
plant chemicals (allelochemicals). Evidence for the increased browsing of normally unpalatable species
during times of nutritional stress and high black rhino densities come from the very heavy total feeding
levels and high levels of offiake of unpalatable species recorded on a transect measured by Bourquin at
Zincakeni in 1965 and 1966 (chapter 20), and on Hitchins’ plots around 1970 (chapter 10). Although
not conclusive, (because of the very limited number of browse samples), on average the “Acacia” samples
analysed in this project had higher crude protein and phosphorus levels than the unpalatable browse
samples sugpesting that a diet with more unpalatable species may be poorer nutritionally as well as
having elevated levels of secondary plant chemicals. In a detailed study , Owen-Smith’s (1994) findings
corraborated this, indicating that food quality (as demonstrated by crude protein concentrations in leaves
of woody plants) was higher in palatable deciduous spinescent trees (“Acacias™) compared to unpalatable

broadleaved species.
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- The detoxification of ingested allelochcmicals carries a metabalic cost, as glucose is needed to form
glucuronide conjugates and to provide bicarbonates to neutralise excess protons (Foley & McArthur 1994;
Nlius & Jessop 1995). While animals on a maintenance or above mainfenance diet are able to deal with
high concentrations of allclochemicals, their ability to deal with these chemicals appears to decline
markedly under a sub-maintenance diet when only low concentrations of atlelochemicals can be tolerated
(I1lius & Jessop 1995). In the absence of sufficient energy in the diet, amino acid precursors appear to be
broken down to maintain glucose levels increasing nitrogen demand (Illivs & Jessop 1995). In simple
terms - an animal’s tolerance of toxins (eg secondary plant chemicals) will be reduced when under
nutritional steess, and to compound matters, in the case of the black rheno, its intake of poorer quality
more chemically defended food is likely to increase under conditions of food guality limitation. Potential
effects of increased ingestion of secondary plant chemicals under a sub-maintenance diet includes
hepatotoxic effects and animals depleting their glucose levels to the extent that there may be insufficient

glucose to supply enough energy to nervous tissue (Illius & Jessop 1995)

-Black rhinos have unusueally low red ccll ATP levels, and any failure to neutralisc excess protons
(especially if also coupled with reduced protein and phospherusin the dict) may trigger acute hacmolysis,
which black rhinos seem to be particularly susceptible to when stressed (Chaplin ¢t al 1986, Du Toit
1987, Paglia 1994, Miller 1994). Indeed acufe haemolysis has been a major cause of btack rhino deaths
in both captivity and wild caught animals (Miller 1994) that have been subjected to nutritional or other
stress. Massive haemolytic crises have occurred rapidiy in both captive and wild canght animals that
otherwise appeared healthy (Paglia 1994). Perhaps becanse of its sudden onset and rapid progression to

death, acute haemolysis has never been documented in the wild (Paglia 1994).

While the above arguments are speculative, it is quite reasonabie to hypothcsise that the sudden and major

decline in carrying capacity in N E Hluhluwe following the very extensive Acacia clearing and increased

grass growth over a short period (especially 1959-60), will have both reduced dietary quality and increased

consumption of normally rejected more heavily chemically defended species. Given the interaction between

an animals nutritional status and its ability ¢o detoxify secondary plant chemicals, and the black rhino’s
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susceptibility to haemolytic crises when stressed, this theoretically could have resulted ia otherwise
apparently kealthy looking black rhino dying rapidly as a result of massive (undetected) haemolytic crises,
and appearing to lack energy prior to death. This would be consistent with there being no indication the

die-offs were due to starvation at the time (as the dead rhino were not obviously in bad condition).

The observation of three dying animals collapsing on to their forequarters (which carry most of the rhino’s
weight) when they atiempted to charge observers prior to their death (Hitchins and Anderson 1983) is

consistent with very sick animals in an energy crisis.

Almost all deaths occurred near water - which is also explainable as sick arimals lacking in energy are
likely to seek to minimise the energy they need to expend to walk to water. At the time, the animals may also
have had to drink mare, giver their probahle increased urea production needed to void the byproducts of
secondary plant chemical detoxification. Experienced rhino veterinarian Dr Pete Morkel (pers.comm)
concurs with this hypothesis, and notes that very sick animals are often found near water when close to

death,

In conclusion, the timing and location of the “die off”” (which took place oaly in the heavily cleared north eastern
Hluhtuwe area duning the nutritional crunch period and not other adjacent uncleared areas) was unlikely to be

purely coincidental.
It is also unlikely to be a chance occurrence that the end of the die-off (end October) coincided with the early
growing season flush period when highly nutritions “Acacia” coppice with high levels of phosphorus is likely to

have become available to the amimals.

However, the 1961 "dic-off" needs to be seen in context of what would have happened kad extensive bush

clearing not taken place in Hlukluwe North:
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As indicated above, given the noticeable bush thickening and increasc in “scrub™ on the aerial photographs (King
1987), habitat quality for black rhinos was probably already starting to decline by 1961, The continuing low fire
frequencies up till 1965 will have meant that in the absence of heavy bush-clearing, succession in existing
Acacia thickets would have been likely to continue, with a corresponding further decline in habitat quality
as tree sizes increased, Given the low fire frequencies at the time, in the longer term, the decline in black
rhino numbers in Hiuhlawe was prabably inevitable without clearing as the A. nilofica and A.karroo thickets
and woodlands waould have continued to mature, with a resultant marked decline in black rhina carryiong

capacity.

Thus, in the longer term the decline in black rhino numbers was prebably inevitable, irrespective of whether
clearing in the late 19505 and early 60s had faken place or not. It is likely that only frequent fires (and
possibly reintroduction of elephant) in the late 1940s and 19505 could have kept the Hiuhluwe habitat in its

optimal state for black rhinos for longer by maintaining " Acacias" in the mast preferred small sizes.

SHORT TERM EFFECTS OF BUSH CLEARING ON NICK. KING AND TRACY KONSTANT'S
EXPERIMENTAL PLOTS

Faltow up and additional new clcaring and burning treatments were applied to contrel and cleared study plots on
an A.nilotica woodland site eriginally treated aﬁd measured by King in 1986 (King 1987, Konstant 1990 in fitr).
Konstant (1990 iz litf.) used a replicated factorial design on this site applying two fire treatments (B: Burnt: Plots
burnt in 1988 and 1989 |Plots also burnt in 1986], U: Unburnt: Plots protected from fire in 1988 and 1989 [Plots
last bumt in 1986]) and four clearing treatiments (1: Cleared in 1985, 2:Cleared in 1988, 3:Cleared in both 1985
and 1988, 0:Uncleared control) giving a total of eight different treatinents (i.e. B0 B1 B2 B3 U0 U1 U2
and U3). King's (1987) experimentally cleared A. karroo and E. divinorum woodlang plots were also re-measured

by Koastant .
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The following sections discuss preliminary resuits to emerge from Konstant’s {1990 in lirr.} measuremenis on these

experimental bush clearing sites.

RESPONSE OF PALATABLE A.karrso AND D.cinerea ON KING’s STUDY SITES TO CHEMICAL

TREATMENT AND FIRE

The rapid increasc in 4. karros densities following clearing and burning suggested a fire dependent seed dorniancy
mechanism (King 1987), However, four years later densitics of this species had returned to pre-cleanng levels.
Konstant (1990 i» litf) noted that increased grass competition may have reduced plant vigour making this species

more susceptibie to the hot fires of 1989 and 1990.

Qver a 3-4 year period D.cinerea was apparently unaffected by herbicide, samulated by fire, and vigorous in

competition with dense grass swards (Konstant {990 i Jizt).

King (1987) also concluded that the removal of canopy cover in bush clearing of 4. karreo and D.cinerea woodland
allowead the establishment of large numbers of these species. He also noted that A.nifotica, A karroo and D.cinerea
densities increased following both clearing and a fire. Without a follew up clearing treatment, King (1987)cbserved

that A.karrea could regenerate even if it was a dry year.

Figure 17.3 shows a photograph of 4.karroo regeneration of a recently bush cleared area in Northern Hiuhluwe
in 1993, wlule Figure 17 2 shows 1993 photographs of small 4cacia regeneration on recently bush cleared sites
in southern Hiuhiuwe, In both cases, regrowth following clearing has benefited biack thino in the short term. The

burnt small 4cacias in the foreground of Figure 17.2b have been browsed by black rhine.
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A)

Figure 17.2 2) and b). Pholographs of small Acacia regeneration on recently bush cleared sites in
southern Hluhluwe in November 1993 The small Acacias in the foreground of 17.2 b) have been
burmt and browsed by black rhino.

B)







Figurc 17.3. Photograph of small and medium Acacia karreo regeneration on a recently bush
cleared site in northern Hlulilowe (November 1993},

Figure 17.4. Photograph of good black rhino habitat in rural KwaZulu. Note the availability of
many highly preferred small A.nilotica, A. gerrardii, .cinerea and A. karreo) and minimal grass
mterference. The picture was taken in November 1993 from the old Gunjaneni entrance road to
southern Hluhluwe. This area experiences heavy cattle grazing, goat browsmg, frequent fires and
cutting of fircwood.






RESPONSE TO REPEATED CLEARING AND BURNING TREATMENTS ON KING'S A.nilotica STUDY

SITE

Konstant (1990 in litt) concluded that repeated clearing seemed to stimulate the growth of certain fire sensitive
species. There was an expansion of shrub growth with the cutting of coppicing plants in the absence of fire. Fire
itself had a limited effect on total tree densities on the plots; although it was beneficial 1o biack rhino by killing

unpalatable fire sensitive later successional species such as S.myrtinag and E.racemosa.

The unpalatable R.pentheri and D lyciodes densitias were significantly reduced by repeated clearing and fire
(Konstant 1990.), However without burning R.pentheri trees had recovered to heights of 2m within 5 years of

clearing,

Konstant (1990) also concluded that "4cacia" densities were nol affected by the disturbance treatments, although

Lhe average height of plants was reduced by fire.

Figure 17 4 shows how jusi outside Hinhluwe, frequent fires, heavy goatl browsing, heavy grazing and cutting of
firewood have created good black rhino habitat dominated by small and accessible A nilofica, D.cinerea, and

A.karroo trees.

RESPONSE OF KING’s Idivinorum/E.racemosa DOMINATED STUDY SITE TQ CHEMICAL

TREATMENT AND FIRE

The two unpalatable Euclea species made up 40% of the pre-clearing density on this site. Other later successional
species such as B.zeyheri, K floribunda and R pentheri were also present. Koastant (1990 in fitt.) concluded thal

many of the species on this site were unable to sustain high densities with the combined effect of bush clearing and

fire. in particular, densities of K. floribunda and M. helerophytla, and to a lesser extent B.zeyheri, E.racemosa and

R.pentheri declined. The more favoured A.karroo, Grewia caffra and D.cirerea showed different responses,
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starting at relatively high densitics on the undisturbed siand, being reduced by bush clearing, but germinating
rapidly after the first and subsequent fires to become the most abundant species in the stand by 1990. Favoured

A.robusta seedlings which had been almost absent, had appeared in large numbers in these arcas by 1990.

Thus it appears that the combined effects of bush control in E.divinorern dominated areas followed by
frequent fires was beneficial £0 black rhine in the short term by increasing the preportion of this habitat
made up of smalier individuals of more favoured “"Acaecia” species. This finding is corroborated by

Macdonald's (1981) finding that " Acacias” increased on hydrastumped E. divinorum areas (see later),

However, before clearing low lying £ divinorum arcas a number of poinis need to be considered:

- Scholes (1986) has recommended that heavy machinery should net be used to clear such Exclea divinorum areas.
According te Scholes these arcas often have "a strongly duplex seil (a sandy ioam topsoil 200-300mum thick with
a sharp transition to a dense clayey (often whitish) subsoii) and are potential sodic sites that should be disturbed
as little as possible. Furthermore Scholes states that "Ewelea species are usually a symptom of underlying

potentially or actually deflocculated soils, and are therefore best left alone®,

- The main Hluhluwe post-burn survey also revealed that in the Grid study area £ divinorum was strongly
associated with £ racemosa and R.pentheri and to a lesser extent with S.afficana (the latter heavily browsed by

black rhino when in more favoured intermediate sizc classes).

- However, by late 1991, it was noticeable that farge numbers of small coppicing Euclea divinorum trees were
growing up on some previously burnt cleared arcas in Sisuze. This indicates that any beneficial effects for black

rhino following clearing and burning may be short term and temporary.

- In contrast to clearing of &. divingrum at Sisuze, clearing of what was mature £ divinoruwm woodland at the time
of the Pilot survey in the Maquanda area of southern Hinhluwe (further from major rivers) appeared to favour the

regrowth of E. divinorum when it grew back. In this case, cleared E. divinorum was not hydrastumped. The Park’s
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current regional ecologist, Dave Balfour has also expressed concern about the regrowth and dominance of
E.divinorum on some cleared areas of southern Hluhlowe (P.le Roux pers.comnm, ) speculating that regeneration

on these cleared sites may be being influenced by selective browsing of palatable 4cacia species.

RESPONSES OF UNPALATABLE M.sencgalensis AND E.crispa ON KING’s 4. karreo STUDY SITE TO

CHEMICAL TREATMENT AND FIRE

On King and Konstant’s A4.karroo site, treatment of cut trees with the highest concentration of Garlon oeincided
with a population explosion of the unpalatable M. senegalensis. Treatments were not replicated and so this may
have been due to differing site conditions, Hiowever, this was not the first time that an increase in M_senegalensis
had been recorded following chemical treatment in Hluhluwe (Vincent 1968). Konstant (1990 in litt.) concluded

that the effectiveness of the use of Garlon when clearing 4 karroo woodland is limited.

Konstant (i fift.) noticed that unpalatable M. senegalensis increased in number on all treatments before burning
took place (hot {ires in 1988 and 1989). After fire, the densities on all treatments halved, and was composed almost
entirely of small plants; and by April 1950 had further decreased with the Joss of all plants above 1m except in the
control. Konstant {in /if.) conciuded that while herbicides do not exterminate the unpalatable M. senegalensis, it
was to some extent fire sensitive {(chapter 15). However, this species was still the most abundant specices on most
treatments. While unpalatable E.crispa densities did not increase after clearing, densities were not reduced by a
3% Garlon treatment. Densities of this species decreased to approximately half that on undisturbed stands with
repeated fire for all except the control area, where densitics remained the same (Konstant 1990 in litt.). She
concluded that this species was tolerant of a wide range of disturbances, and this is borne out by its abundance on

the frequently bush cleared and burnt lowland black clay areas to the left of the main Memorial gate entrance road

to Hluhluwe.

King (1987) also noted that cutting and burning exacerbated coppicing of both M. senegalensis and E.crispa.

Thus the responses of plants on King and Konstant's experimental plots indicate that with the exception of
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chemical clearing of arcas with M. senegalensis, bush~clearing was largely beneficial to black rhino in the following
1-3 years when combined with repeated follow up bumning, This maintains "Acacias" at their favoured size and

reduces the number of unpalatable plants.

FAN MACIDOWALD'S EXPERIMENTAL CLEARING OF Euclea divinorum

Inthe Munywaneni and Sisuze ficld trials, £ divinorum was cleared by hydrastumping. Macdonald (198 1) recorded
that only four scasons afier hydrastumping in these areas, a high density of the favoured A.nifotica and other
"4 cacias™ had become established in these areas. Macdonald (1981) also recorded that virtually every individual
of A.burkei and A.nilotica showed severe canopy reductions due to browsing. A high proportion of these plants
were smali. Thus in the short term hydrastumping of E divinorum, coupled with follow-up burning, appears

to have improved habitat quality for black rhinas,

The importance of frequent burning (scc chapiers 15 and 16) was again apparent, as Macdonald (1981) noted that
biennial fires limited the growth of Acacias in this area, therefore keeping them in more favoured size classes for

biack rhino.

Macdonald (1981) also noled that A.karroo Invaded the arca that was bienntally burnt since clearing. This

corroborates Konstant's (in /itt.) observation that the germination of 4. karreo appeared to be enhanced by burming

on cleared plots,
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JOHN VINCENT'S CONCLUSIONS ABOUT THE SHORT TERM EFFECTS OF "SCRUB" CONTROL IN
ZULJLAND

In reviewing the success of carly bush clearing operations, Vincent (1968) concluded that "rone of the methods
used proved lo be more than moderately successful, and several had fo be repeated after regrowth hiad occurred”.
Thus confirms that any decline in carrying capacity immediately after bush clearing appears temporary, with smali

"Acacias" regrowing on bush cleared sites.

However, Vincent (1968) also noted that the use of Tordon 22K was almost 100% effective on A.karroa,
A.caffra and D.cinerea (Tood species); whilst on M. senegalensis (regjected specics) it had little effect as the poison
did not appear to penetrate through the thick waxy cuticle of this specics. In the short term therefore the use of
chemicals during clearing may have given a competitive advantage to less palatable species. Further evidence to
support this assertion comes from Konstant's (1990 ir [iff) ﬁndjpg that where the highest concentration of Garlon

was apphied a population explosion of M senegalensis occurred.

CONCLUSION

With the cxception of bush clearing of E. crispa, M.senegalensis, and possibly mature F.divinorum woodland in
southern Hluhluwe; provided the extent of the clearances in any one year is limited {unlike 1959-60), growth an
bushcleared areas in general favours black rhino in the short term (1-3 years after clearing), despite the immediate
and temporary lowering of food availability immediately after clearing. This is especially the case when clearing
is combined with fire. However, chapter 18 indicates that any shorl lermn beneficial effects of bush clearing are

likely to be temporary, and influenced by the degrees of grass interference and subsequent burning regimes.
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CHAPTER 17 NOTES

#1: 'U'hds is becausc 1) any resullant decline in female repreductive performance in response to poorer nutrition is likely to have gone undstected in
the ahsence of cantinuous intensive IT)-based moniloring in the 1ate 1950s; 2) because aduit mortality and overal! population density would not have

noliceably changed; and3) because Jarge long lived mammals such as black rhino appear to have the potential to overshoat carrying capacity before

declining in numbers (Adeack 1996).

#2: The area cleared during this period was much greater than was cleared over the next two decades, where clearing wus conventrated around tourist

roads, and up lo 1990 almost all cleanng was follow-up reclearing rather than clearing of new areas.

#3: Brooks & Macdonald report that herbivore population control began in eamest in 1954. Over the period 1954-1959 2 total of 1,052
zebra, 2,537 wildebeest, 4,670 warthhog, 1,599 impala and 538 nyala were removed from Hlohluwe. Frem 1950-64 a further 366 zebra,

1,936 wildebeest, 3,124 warthog, 2,108 impala, 295 oyala and 6 black rhino wers removed from Eluhluwe, During the period 195464

the heaviest culling was in 1959/60.

414






CHAPTER 18
THE EFFECTS OF MANAGEMENT ACTIONS ON BLACK
RHINO HABITAT QUALITY IV: LONG TERM EFFECTS OF

BUSH CLEARING
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NTRODUCTION

BASIC APPROACH

The main part of this chapter presents the results of the polynomially detrended partial canonical correspondence
analyses undertaken to study the effects of past bush clearing operations in the Hluhluwe Grid Study area. The aim
of these analyses was to determine the variation in the plot woody composition and structure data that is uniquely
attributable to the se( of bush-clearing variables, taking inte account the cffects of other physical, environmental
and fire covariables (ter Braak and Prenfice 1988). The analytical approach adopted was therefore the same as that
used to study the effects of fire. In this case, the ain: of the analyses was to determine whethcr the bush clearing
variables significantly accounted for any of the residual variation in habitat composition and structure not already

accounted for by environmental and fire variables (sce chapter 4 for full details of the methods used).

Unfortunately a number of problems with past records and clearing practices limited the potential success of these
analyses, and reade;s should be aware of these problems before reviewing the results, Some of these problems also

madc interpretation of any changes on Hitchins' plots difficult.

Forty of the transects from Hitchins' 196571 survey of vegetation structure and black rhino feeding werc re-
measured in 1996. These plots covered the north eastern area of Hluhluwe (which experienced the 1961 die-off
and most of the reserve's bush clearing activities had been concentrated in this area prior to 1990). Chapter 10
describes the differences in rhino feeding patterns between 1969-71 and 1989 (Grid survey) and 1990 (Hitchins
plots). This chapter also discusses the changes in vegetation on Hitchins' plots over the 20 years period, revealed
by Adcock’s more detailed analysis of the data with reference to plot location, fire and especially bush clearing
treatment (see BR2000 report for more details). The implications of these changes with respect (o bush cleartng |

arc then interpreted in the light of findings of chapters 6-13 and 20.
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Finally the local literaure was examined for references to the long term effects of bush clearing.

As before, the implications of any vegetation changes for black rhino were inferred using the knowledge gained

about black rhino feeding preferences (chapters 6-13).

PROBLEMS LIMITING THE SUCCESSFUL EVALUATION OF LONGER TERM EFFECTS CF BUSH
CLEARTNG ON BLACK RHINO HABITAT QUALITY

The large number of different bush clearing treatments (species cleared, physical method used, chemicals applied,
concentration of chemical solutions, whether diesc] was applied, frequency of clearing, cic.), and lack of adequate

contro] sites were highlighted as major problems in chapter 4.

MULTITUDE OF DIFFERENT TREATMENTS

Almost every Grid survey plot in Hluhluwe that had been cleared experienced a different bush clearing history.
Similar problems occurred when analysing the data from Hitchins' plots (see Table 3.1). While the large number
of different treatments will have contributed to maintaining habitat diversity; the lack of adequate replication
makes it virtually impossible to analyse the bush clearing daia in detail. The explanatory variables denoting the
type of clearing treatment therefore had to be lumped and simplified prior to multivariate analysis. The species
cleared were reduced to three classes - “deacias”, M.senegalensis and E.divinorum. All chemical treatments
unfortunately had (o be lumped, although a separate dummy variable was included to denote whether diesel had
been applied or not. Similarly all physical treatments had to be grouped togetler, The resulting mullivariate
analyses therefore examined the effects of frequencies of clearing, time since last clearing and bread type (buf not

details) of clearing treatment (Tabie 4.1 lists the bush clearing variables uscd in the analyses).
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FAILURE TO LEAVE ANY UNCLEARED CONTROLS IN SOME LANDSCAPE UNITS

Further problems were caused by the failure to leave uncleared control arcas in some areas, which makes it
practically very difficult to determine whether habitat composition in an area has been affected by bush clearing

or simply 18 responding 1o the specific set of environmental conditions and burning treatments in an area.

For example, all of the moist low lying area east of the main entrance road from Memorial gate to the Maphumulo
turn off has been cleared at least once. This arca is also the most frequently clearcd area in Hiuhluwe and much
of the M senegalensis clearing also took place here. Figure 20.4 shows there is a stark contrast between these
cleared flatter lower lying areas and the nearest uncleared areas (controls) which occur higher up on the lower
slopes of Magwanxa and Mgodlo. The lack of uncleared control areas in the lower lying sites results in the bush
clearing weatments and environmental factors being confounded. One cannot therefore directly compare cleared
and uncleared sites, as they occur in different Iandscape positions with different soil moisture, nuhiént levels and
microclimates, As a result of this confounding we can expect our constrained ordination axes to be much smaller
than they would have been had adequate controls been left, However, fortunately bush clearing histories and

environmental conditions were not confounded in all areas.

Ideally one needs to conirast bush clearing treatments within fandscape units. By failing to leave adequate con trols
the potential to learn from past management has been greatly reduced® . Hopefully, Park management can learn

a lesson, and ensurg that in fufure adequate control areas will be left and made sacrosanct.

PRE-CLEARING BDABITAT COMPOSITION AND STRUCTURE UNKNOWN

Another probiem caused by not adopting an adaptive management approach {0 bush clearing in the past, was that
there 1s no baseline information about habitat conditions in plots prior to bush clearing, While one can study
relationships between bush clearing histories and current habitat composition and structure; the current habitat

conditions may primarily reflect the special conditions of sites predisposing them to being cleared (or not) in the
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past. For example, for obvious reasons, past managers will have concentrated on clearing 4. karroo encroached
areas rather than clearing open grassland/parkiand areas. In other words bush cleared plots may currently differ
from uncleared plots, but this may primarily reflect undetlying conditions, rather than the effects of bush clearing
per sc. If adcquate controls had been ieft in the different landscape units, the problem of not knowing past

vegeation composition would not have been as serious.
SCALE OF MAPPING OF BUSH CLEARING
Much of the mapping of bush clearing has been done at a coarse scale using crayons. In a number of cases it was

unclear whether plots fell within cieared or uncleared areas because the positions of the exact boundaries of cleared

areas were unclear. Fortunately in recent ycars bush clearing has been mapped at a finer scale,

LONG TERM EFFECTS OF BUSH-CLEARING ON HLUNLUWE HABITAT COMPOSITION AND
STRUCTURE: MULTIVARIATE ANALYSES

RUNS UNDERTAKEN

A total of 59 Canonical Correspondence analyses were used to identify the three key fire variables (Fire frequencies
1955-64; 1965-1979 and 1980-88) and 14 key environmental variables which were uscd as covariables in the bush

clearing analyses (5e2 chapters 5, 14 and 16 for details of methods and results).

A total of 24 bush clearing variables were examined in the analyses. The first bush clearing run included all 24
variables, and failed due to numeric overflow caused by extreme collincarity among some of the bush—clearing

variables. Just as in chapter 15, it was necessary to undertake a number of runs to select a minimum subset of the
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"best" bush-clearing variables. (For details of model building and variable selection procedures interested technical
readers should refer to chapter 4.) The problem was finding which éxplanatory variables to select out of the
possible 24, Limited explanatory power causced by confounding of weatments and landscape vnit and extreme
collinearity amongst some variables necessitated 22 Canonical Correspondence bush-clearing analyses *' (For more
details see the BR2000 report).

RESULTS:

The 21* run finally produced a model where all seven variables had independent effects as shown by small variance

inflation factors. The variables selected were:
o Frequency of Bush Clearing Acacias from 1957-6% (Fqa)
© Frequency of Bush Clearing M. senegalensis since 1957 (Fqm)
0 Frequency of Chemical treating of Aeacias since 1957 (Afc)
o Frequency of Diesel application on Acacias since 1957 (Afd)
© Dummy vanable for plots that were last cleared of Acacias in 1957-1963 (Alc60)

0 Variable reflecting time since plots were last cleared of Mayrenus senegalensis in the 1980s
10 = not cleared in 19805 ; 1 = last cleared in 1984 ; 2 = 1985 ; 3: 1986 ; 4: 1987, 5; 1988 and

6 : Jan-Mar 1989 (MIc80)

© Dummy variable for plots that were last chemically weated of Acacias in 1957-1960 (Atsle60)
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While the explanatory power of the model was very low as evidenced by the small cigenvalues on the three
canonical eigenvalues (.1=0.0478 32=0.0324 13=0.0245); the Monte-Carlo permutations test showed that the first
canonical axis was significant (p=0.03). The Species:Environment correlations on the biplot were however
reasonable 0.653 (axisl), 0.542 (axis2), and 0.471 (axis3). Significance tests were not carried out on the second
and third axes, and so readers should be aware that they may be spurious. However, this seems unlikely, as the
resulting spize associations make ccological sense. Figures 8.1 through to 18.3 show the species biplots for all

combinations of the three canonical axes derived from this run,
BIPLOT - CANONICAL AXES 1 AND 2
The biplot for axes 1 and 2 (Figurel8.1) revealed the following patterns and associations:

0 The main axis | was a clearing frequency axis; while axis 2 primarily distinguished between recent clearing
of ‘M. senegalensis and frequent “Acacia” clearing (especially between 1957-69 and 1980-89). The biplot also
suggested that whether or not the plots had last been chemically cleared of "Acacias" in the late 1950z and carly

19605 had an independent effect comparcd to the other “Acaciz” variables.

© The spizes most associated with recent M. senegalensis clearing were generally < 2m tall, with the following
species being prevalent E. crispa, H.pauciflorus, R.tridentata, Solunum species, L. javanica and D.rotundifolia.
Smatl medium C. cqffra, A.karroo, D.lyciodes, and A. cqffra were also related to this axis aithough not to the same
extent. The common spize most associated with M.senegalensis clearing was E. crispa above one metre tall.
However, due to the severe confounding of the bush clearing treatments on the most frequently cleared
moist low lying areas in NE Hluhluwe, interpretation of the above spize:M.senegalensis clearing
relationships is almost impossible. One cannot conclude whether the high canopy cover of E. crispa, L. javanica,
R.tridentara, H.pauciflorus and Solanum on frequently cleared sites is a result of competitive release following
selective clearing (for M.senegalensis and "Acacias™) or alternatively whether this simply reflects the particutar

physical conditions pre-disposed to the growth of these species and M.senegalensis and "Acacias”,
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Figure 18.1. Hluhluwe Spize plot {non forest gric plots) Axes 1 and 2 from Parlial Canonical Correspondence Analysis - Bush elearing run 21
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Attempts were made to minimise the latter problem by partialing out a number of key physical parameters prior
to the bush clearing analyses. The partizling out of key environmenial variables combined with lack of unclearsd
controls in landscape units in part explains the low eigenvalues recorded in the partial bushclearing-contrained
ordination. However, the rainfall and moisture conditions are not known for each plot, and the very frequently
cleared area appears to be particularly moist as a result of being frequently kept damp by early moming valley
mists. The confounding of treatment and landscape unit may therefore lead Lo the identification of a particular
patiern of spizes within a particular landscape unit, shouid that landscape unit influence habitat structure and
composition i some polynomial function. All the variation in the data due to landscape may therefore not have
been removed prior to analysis of bush clearing effects. This interpretive prohlem highlights the need to leave

adequate nncleared controls in any landseape unit.

© Figure 18.1 shows that taller individuals (>4m and .mmetinies >2m) of A.nilotica, E.racemosa, B.zeyheri,
R pentheri, C.caffra, D.cinerea, Z.mucronata, D.caffra, C.africana, and C.caffra were most associated with
plois never cleared of "Acacias". All sizes of K floribundg and S.myrting were also associated with uncleared
sites. Many of these spizes are associated with intermediate and late stages of the Whateley-Wills

successional model in A.rilotice woodland, and are indicators of declines i black rhino carryimg capaciy,

0 The height of A.karroo and A.caffra also appeared to be relzied to the frequency of clearing of " Acacias".
Frequent and recent clearing was most asseciated with high canopy covers of these species between 1 and
2 metres high (favouring balck rhino); whereas the highest canopy covers of tall individuals was associated
with plots that had not been cleared since 1957 or were last cleared during 1957-1963. This indicates that

frequent clearing of these species appears to have benefited black chino.

0 Obviously the plots cleared of M. senegalensis had significant amounts of this species priot to clearing. The
weighted averages for small medium spizes of this species occurred necar the origin, suggesting that the recent
clearing of this species may have been successful in the short term, However the biplot suggested that while the
tallest M.senegalensis spize (>2m) was not associated with frequeat clearing, its canopy cover was highest

on plots tast chemically cleared of “Acacias™ between 1957 and 1969, This supports the observations of
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Figure 18.2. Hiuhluwe Spize plot (non forest grid plots) Axes 1 and 3 frorh Partial Canonical Correspondence Analysis - Bush cleating run 21
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Konstant (1990) and Vincent (1968) that M.senegalensis appeared to have a selective advantage when

chemicals were applied after bush clearing,

BIPLOT - CANONICAL AXES 1 AND 3
The biplot for axes 1 and 3 (Figurel8.2) revealed the following patierns and associations:

© The biplot arrowﬁ indicated that there were differences in plot composition depending on whether the plot been
cleared of "4cacias” in the previous five years, or had not been cleared of "Acacias” for at least 11 and up to 31
years. Higher canopy covers of early and intermediate spizes in the hypothesised Whateley/Wills successional
sequence (A.karroo >2m, A.nilotica >1m, D.cinerea all sizes, and small B. zeykeri <lm, were negatively associated
with recently cleared plots, and positively associated with laler cleared or uncleared plots. Of thesc spizes, the
tallest A.karroo, A.nilotica, D. cinerea, and C.caffia trees were most associated with a longer time since clearing
and lower frequencies of cleanng compared to the smaller spizes. The biplot therefore provides furtherevidence
te support the hypothesis that the longer the time since clearing the more advanced the Whateley-Wills

pattern of sugcession.

The spizes most associated with no *4cacia” clearing, and negatively associated with the last "Acacia" clearing
occurring between 1957 and 1977, were late successional spizes that have come to dominate arcas of [owland forest
in Hluhluwe (C.africana, S.myrtina, S.inerme, amd the tallest individuals of E.racemosa, B.zeyheri, R.pentheri,

K floribunda, and E.divinorum). The tllest 4. caffia spize was also associated with a lack aof clearing,

However, one cannot conclude from these results that lack of clearing per se led to the development of the forest.
This is because past clearing has concentrated on areas of "dcacia” scrub, and arcas with high amounts of
M. senegalensis. It was only recently (1990s) that developing Iowland forest areas were selected as prime areas for
clearing. The correlation between forest spizes and lack of clearing is therefore to be expected. Nevertheless the

biplot does provide circumnstantial evidence to support the Whatcley-Wills (1996) successional model.

425



Figure 18.3. Hiuhluwe Spize plot (non forest grid plots) Axes 2 and 8 from Partial Canonical Correspondence Analysis - Bush clearing run 21
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In particular, the associations of particular spizes indicates that frequent “Acacia"” bush clearing can prevent the
development of closed A.nilotica/D.cinerea/A.karroo woodlands, which appear to be the precursor of lowland
forest. However the key word here is frequent. Unless clearing is repealed, the data suggest that closed “Acacia"
thicket or woodland may result in somewhere between 20 and 30 vears. If clearing is left long enough, there will
be time for evergreen lowland forest to develop. However the introduction of a policy of more frequent burning and

the recent re-establishment of elephant may help to slow or prevent these trends.

BIPLOT - CANONICAL AXES 2 AND 3
The biplot for axes 2 and 3 (Figurel8.3) revealed the following patterns and associations:

¢ Tall A karroo (>4m) was associated with areas last cleared in the 1970s, while tall A.ailotica (>4m) was most
associaled with plots last cleared in the late 1950s early 1960s. Bo-th these spizes were negatively related to the
dummy variable for plots that had never been cleared of "Acacias” since 1957, The ordering of the A.nilotica
spizes when plots were last cleared in the 1970s was A.nilotical, A.nilotica2, Anilotica3 and finally A.nilotica4.
This order was reversed in plots last cleared 30 years previously, Although not as marked, the tallest D.cinerea
spize was more associated with a longer time since clearing. This suggests that past clearing has probably
slowed development of lowland forest paiches. It also supporis the assertion that unless clearing is repeated,

closed "Acacia thicket or woodfand may result in somewhere between 20 and 30 years.

The smaller second and third canonical axes appear to differentiate better between cleared plots; while the main

first axis appears to be primarily differentiating between cleared and uncleared plots,

0 The biplot also suggests that canopy covers of taller E.crispa, C.caffra A.karrao and M.senegalensis were
posilively associated with plots last chemically treated in 1957-1963. Just under half of these plots were re-
cleared in the 1970s, and none of these plots was subsequently cleared in the 1980s. These species may have been

competitively released by chemical clearing; or alternatively the areas receiving this treatment were specially
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conducive to the growth of these species. All the plots receiving this treatment were contiguous {covering Hidli
west of the Manzimbomvu stream and the central Magangeni loop arca - see Figure 20.4). Therefore, again,

confounding of area and treatment makes interpretation difficult.

0 A.karroo and A.caffra between | and 2 metres and Rhus rehmanniona were slightly associated with more recent
"deacia” clearing. This may simply reflect the fact that clearing only recently occurred in the limited Rhus
rehmanniana concentration arca in N, E.Hluhluwe_ and that A.caffra and A. karroo are commeon co-gominants with

R.rehmanniana. Again confounding of treatments and landscape units precludes clear interpretation.

E.DIVINORUM CLEARING

The final (22™) bush clearing run used the 14 key cnvironmental variables, the threc key fire frequency variables
and the seven key "Acacia” and "M senegalensis” bush clearing variables (identified in run 21) as covariables. The
22™ ryn tested to sce whether the frequency of E. divinorum clearing significantly explained any of the residual
variation in habitat composition and structure. The eigenvalue was very small (0.0285) and was not significant
(p=0.44), supporting the earlier conclusion from the biplots of runs 2 and 21 that too few plots were cleared of
E.divinorum in the Grid study area for this variable to have a major impact on habiiat composition and structure
in the study arca. Only 1.6% of the non-riverine/inature evergreen forest plots were cleared of E. divinorum

compared {o 28% which were cleared of "Acacias" and/or A senegalensis.
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RE-MEASUREMENT OF HITCHINS' 1969-73 PLOTS IN HLUHLUWE NORTH WETH SPECIAL
REFERENCE TO THE LONG TERM EFFECTS OF BUSH-CLEARING

BACKGROUND

This section presents 4 summary of K. Adcock’s examination of subsets of Hitchins® plot data in an attempt
to study the effects on habitat dynamics of clearing frequency, time since period of last clearing, A.karroo clearing
frequency, and D.cinerea and M.senegalensis clcaring. These findings are then interpreted in the light of the

findings of chapters 6-13 and 20 (for more details see the BR2000 report).

Unfortunately the multitude of bush-clearing treatments and confounding between initial site composition and
treatments (¢.g clearing frequency reflected the initial densities of 4.karroo and M.senegalensis, and thus the
potential for bush thickening) meant that virfually each site had its own initial cornposition and clearing history,
followed by its own response over the years, After splitting up the transects into broad treatment types sample sizes
became small. As a result of these problems, few clear trends regarding the effects of bush-clearing could be

determined from the remeasurement of Hitchins’ plots,

Forty of Hitchins” plots in north-gastern Hluhluwe (Figure 3.7) that were first measured in 1969-71, were
remeasured in 1990, Table 3.1 details of the clearing history of the plots. By 1930 seven fransects had never been
cleared (2 hilltop and 5 well wooded/forest patches); while the other 33 transects experienced various bush clearing
treatments from 1958 onwards. Clearing in Bitchins’ study area ( & sub area of the Grid study area) mainly
focussed ou removing A.karroo, and to a lesserextent I cinerea and M. senegalensis. Occasionally all specics were
cleared. Clearing frequencies varied with some transects being cleared as many as four times before the 1990

survey.

Besides the bush clearing on the transccts, fire frequencies over the measurement period were high, Most plats

(excluding forest patches) were burnt nine times between 1970 and 1989,
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CONCLUSIONS ON BUSH CLEARING FROM THE RE-SURVEY OF HITCHINS' PLOTS

As discussed above, the clearing history of the sites was so complicated that few clear trends could emerge.
Virtually cach site had its own initial composition and clearing history, and followed its own response over the

years. After splitting up the transects into broad treatment types sample sizes became small.

Asonly the beginning (1969-71) and end (1990) states of the vegetation in this study arca are known, much of the
woody dynamics that must have occurred between these times still remains unclear. For example:- How fast did
densities decline? (Immediately after clearing, gradually over the years, or some years later?), Some specics may
have declined, increased and then declined again between measurements (e.g. A.karroo on Hidli viei, A.J Wills,

pers.comim.).

Despite the problems with analysis, a number a number of trends became apparent.

SPECIES RESPONSES

Figures 18.4 and 18.5 (prepared by K. Adcock) show how average densities of different size classes of A.nifatica,
B.zeyvheri, Eracemosa, K floribunda, R.pentheri, A.caffia, Akarroo, D.cinerea E.crispa, L.jovanica and

M. senegalensis have changed on Hitcking™ plots from 1969-71 to 1990.

Uncleared and cleared A nilotica (not pure A.karroo) woodlands, or more forested sites, followed the Wills-
Whateley succession sequence toward forest, losing "prassiand” species. A lower fire frequency or intensity here

than at other sites may have contributed to woodland site succession. These vegetation changes further reduced

black rhino habitat suitability.

Uncleared open sites showed declines in 4. karroo and D.cinereq densities. This was probably a combination of

self thinning as trees grew taller, and the frequent fires in these areas.
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Subsequent clearing frequency in part reflected the initial densitics of A.kagrroo and M. senegalensis, and thus the
potential for bush thickening may have differed between plots deared at different frequencies (which together with

fack of adequate controls) confounded the study of the impact of clearing frequencies.

D.cinerea clearing appears to have been the least effective, and the most haphazard. Densities of this species
declined slightly, irrespective of whether or not it was cleared. However mean tree size did increase over the
measursment period. D.cinerea deusities increased in some areas (e.g. under clearing frequency 4, and sites last

cleared '84-'87), possibly as a result of competitive release after heavy A. karroo and M.senegalensis clearing,

A.caffra was generally only slightly below its former densities (This may be a result of self-thinning, as the plants
were slightly taller in 1990), However, in the Ngqungqulu region, where fire frequencies were low, and where
some A.rilotica woodland cccurred, A.caffra declined markedly as succession procceded toward closed

woodlandforest. This will have been to the detriment of biack rhine.

M.senegalensis also declined irrespective of whether or not it was cleared, although clearing this specics did

increase the scale of the decline in the short term. However, where there was a long time since initial clearing, and

no clearing until recently, it increased in size and density,

IMPLICATIONS FOR BLACK RHINO

The declines in densities of key food spizes, increases in densities of less favoured or rejected spizes, and the

increased grass interference in the NE bush cleared area of Hluhluwe, mean that the area's carrying

capacity for black rhino probably dropped by more than half since Hitchins first measured the plots,
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LONG TERM EFFECTS OF BUSH-CLEARING CON HLUHLUWE HABITAT COMPOSITION AND
STRUCTURE: LOCAL LITERATURE

The review of local literature confirmed our findings that while bush clearing may be effective in the short term,
it was ineffective inthe longer term unless plots were repeatedly cleared in follow up operations. This echoes the
conclusion of Scholes (1986) that grassland created by bush clearing will tend back to its woody state unless it is

intensively managed by regular burning or re-clearing.

In a review on the longer term effectiveness of bush clearing in Hluhluwe, Wills aud Whateley (1983) concluded
that digging out of individual E, divinorum bushes is the only treatment that "has yielded reasonable success in the
medium term”. However their long term efficacy is in doubt. Macdonald (1981) speculated that whether or not the
newly formed Acaciz communitics on hydrastumped E.divinorum areas will eventually be replaced by
monospecific stands of E divinorum may depend on whether the current high level of browsing is maintained.
Perhaps most importantdy, hydrastumping of E divinorum was only successful if trecs were “well pulled". In
addition 30% of the . divinorum trees were too small to be removed by hydrastumper, and in time these trees will
undoubtedly mature. Thus sufficient trees remained to recolonise the areas. It would be an intercsting exercise to
remeasure these plots. However as far as black rhino are concerned the beneficial effects of hydrastumping

E divinorum followed by fire appear to be only short term benefits.

E.divinorum 3lso appears to be deminating regrowth on some areas of mature E.divinorum woodland that was

cleared (not hydrastumped) in south Hinhluwe around the Maquanda area in southern Hluhiuwe.
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CHAPTER 18 NOTRS

#1: Rather than being forced from neccessity to rely morc on esscatially corrcletative analysis to study sysiem behaviour, it would be
preferable W also be able 10 undertake medivm/longer term experimental research studies in the Park. Unfortunately lack of longer term
adaptive management has been a major problem over the years in Hiuhluwe-Umfolozi. Apart fram Ward®s contro! plots, 1 personally have
had grass population biology transect markers accidentally "tidied up” preventing [ater remeasurement, while Don Stewart/Orty Bourguin's
long term Madlozj and Labitane plols were also removed withour even marking where they had been. Nigel Kemper (pers.comm) had
experinental study woody plols sccidentally destroyed by managers. Experiinental plots in northem Hluhluwe which had experienced a
factoriz! combination of cleating and buming trestments and included control plots (uscd by Mick King and tater Tracey Konstark and Mark
Graham) were also later cleared and bumt secidentally by ranger who was unaware of their existence. William Bond (pers.camm.) has alsa
had a student whose fire research experimental design was seriously impacted after being "accidentally burnt" by a cadet ranger. This
clearing, tidying up or accidental buming of mcdium/longer lerm cxperimental plots and transects (Hulber("s demenic intrusion!) has been
so routine in the Park over the years, that it effectively prevents eonservationists from leaming long term lessons ahout savanna dynamics

from experimental treatments.

However this will probably not be a practical proposition in future until Park managememt 13 starts appreciating the eritical impartance and
applied value of such adaptive experimental management and research plots/transects, 2) treats them as inviolate, 3) institute’ procedures
whereby thers can be no excuse that their location (and treatments) was unknown and 4) severely disciplines those staff guilty oc responsible
for their aveoidable destruction. Management also needs 10 be encouraged to leave more control plots to facilitate future adaptive
management. H it was mandatory for every section ranger 1o have a file detsiling "untouchable” plots and transects in his arca, and hefshe
knew they would be in severe disciplinary trouble for their unavoidable damage, then this problem could be reduced ta a level which would

make loager term cxperimenlial adaptive management a realistic option in the Park, and not an over-optimistic unachievable approach,

Pant of the problem probably stems from the short lerms section ranger’s remain a1 any post (in that they know they probably will not be
around 1 view/remeasurc experimental/control adaptive plots they setup 5, 10 or 20 years in future), and alsa that they personally may
not have scen much of applied value to come from such plots. However, if past treatments/control plots wers routinely documented with
photographs in each Section ranger’s plotfiransect file, Section rangers could benefil from visiting , looking and learning valuable fessons
from control plots/transects initiatcd by their predecessors. Oncc the applied value of long term plots starts becoming apparent and being

demonstirated to practical fie]d managers, this should be a big incentive o funire managers to look sfter them.

#2: The 22 bush ¢learing gnalyses brings the (otal number of runs n the complete habitat analysis to §1.

#3:Figurc 18.2 did not detzet a correlation between the frequency of E.divinonam clearing and bush clearing in the 1570s - no doubt largely

becausc the number of cleared E.divinorum plots in the Grid study was small.
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CHAPTER 19
THE EFFECTS OF MANAGEMENT ACTIONS ON BLACK
RHINO HABITAT QUALITY V: GAME INTRODUCTIONS AND
REMOVALS

Chapter summary cut from this copy of the dissertation - For a surumary please consult either the project
summary document or expanded version of the thesis (available on request from the author). For further details

consult BR2000 Report.
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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 1V
PROBABLE AND POSSIBLE CAUSES OF THE HLUHLUWE
DECLINE

Chapter 20 - The nature of past habitat changes in Hluhluwe and their impact on
black rhino

Chapter 21 - The use of VORTEX PVA modelling to examine some other possible
causes of the Hluhluwe decline (Summary only)

Chapter 22 - A review of other possible causes of the Hluhluwe decline

Chapter 23 - Conclusions on the causes of the Hluhluwe decline
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CHAPTER 20
THE NATURE OF PAST HABITAT CHANGES IN HLUHLUWE
AND THEIR IMPACT ON BLACK RHINO
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INTRODUCTION

One of the three main objectives of this Thesis was to determine why the black rhino population in Hluhluwe
declined; and in particular to evaluate whether habitat changes could have been the major cause of the hlack rhino
decline in Hluhluwe. To meet this objective the probahle nature of habitat changes in Northern Hluhluwe in terms
of woody plant physiognomy, spize composition and densities aseded to be ascertained. The impact of these

habitat changes for black rhino could then be inferred given knowledge of black rhino food selection,

The problem was that incomplete and comparatively poor documentation exists on the history and causes of
vepetation changes in many of Africa’s key wildlife arcas over the last century (Dublin 1995}, and Hluhluwe-
Umfolozi Park is ne exception. Much of the information on vegetation dynamics or processes in the park is
scattered in a wide vanety of sources, and in some cases was never formally recorded. Many carlier vegetation

surveys have not been repeated, and their exact locations are unclear.

Given the paucity of long term data and experimental adaplive management treatments, the reconstruetion of
Hluhluwe vegetation changes and the factors and processes involved, was attempted using a blend of qualitative
and quantitative approaches - a similar method to that used by Dublin (1995) in her synthesis of the rale of

elephants, fire and other factors in the Serengeti-Mara ecosystem.

The patterns and timings of prohable vepetation changes in Hluhluwe were determined as fur as possible from a
number of different sources of information including: analyses of past aerial photegraphs; photographs of the
area taken over the period 1938-93; changes between past vegstation maps in the north-gastern 38 % of the
Hluhluwe Grid study area (Map study area - see Figure 4.2); comparisons between past vegetation community
descriptions and conditions during the 1989 Grid survey; interviews and field visits with selected key staff who |
worked in the area in the past and knew their woody plants; re-measurement in 1990 of Hitchins' 1969-71

vegetation transects; local literature reviews (including the proceedings of the symposium/workshop on vegetation
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dynamics in Hlubluwe-Umfolozi held in 1979 - Macdonald ef. al. 1979); the observed changes in the abundance
of selected large herbivore species; multivariate spize-based analyses of a subset of Bluhluwe Grid data; and the
use of empirically-derived self-thinning power relationships to estimate the past densities of favoured small
A.nilotica's that gave rise to the population of taller trees observed during the 1989 grid survey, contrasting these

with observed densities of favoured small A. rilotica in 1989.

This chapter summarises the key pattems and timings of probable vegetation changes in Hluhluwe to emerge from
the above analyses and review of the evidence (with additional more detailed information being consigned to the

chapter notes and appendices).

Some of the evidence simply documents broad scale physiognomic changes, while other information can be used
to examine temporal vegetation changes (succession) in more detail within broad landscape/community units
(zonation in the vegetation)". Special emphasis was given to the reported vegetation changes in areas classified
as grassland in 1936 (Henkel 1937), which subsequently became encroached with 4. karroo or A.nilotica, as the
most striking changes in the vegetation in northern Hluhluwe occurred in these areas. These ateas were therefore

of particular importance in assessing the impact of habitat changes in northern Hluhluwe for black thino up to

1990%,

The impact on black rhino of the vegetation changes was then inferred using: knowledge of black rhino feeding
ecology (and especially spize selection patterns) in Chapters 6-13; the overlay of a 3D plot of black rhino feeding
levels (Figure 20.16) over 3D abundance plots of key spizes in the same spize-based ordination space (Figure
20.15 a..k); and an examination of mean offtake levels recorded in 1989 in selected floristic "communities™

representing different seral stages in 4. nilotica woodland succession.

Conclusions were then drawn as to the likelihood that vegetation changes were the primary cause of the Hluhluwe

black rhino decline.
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NORTHERN HLUHLUWE VEGETATION MUCH MORE OFPEN TN THE 1930s - BUT CONDITIONS
CONDUCIVE TG BUSH EMCROACHMENT WERE IN PLACE

In the 1930s, most of Zululand was thornveld which consisted of fairly widely spaced trees with grass in between,
and it was seldom that trees formed closed woodland (Bayer 1938). Bayer (1938) hypothesised that fire played
an important role in govemning woody plant successional patterns, and that it was highly probable that the wide
spacing of trees was due mostly to the frequent grass fires in Zululand at that time®, He noted that "no thorn veld
vegetation which is immune from fire exists in Zululand, and it seems quite impossible to provide permanent

protection from fire for any portion of this vegeration” (Bayer 1938).

The carliest accounts of the vegetation of Hiuhluwe by Henkel (1937), who produced the first vegetation map of
the reserve based on fieldwork in 1936 (sce Appendix 20.1), and Bayer (1938), indicated that conditions were
very different from today. Hluhluwe was dominated by grassland which made up 49% of the Reserve area
(Henkel 1937, Downing [980). This was reflected in the f'mma,-as warthog and wildebeest were two of the most
abundant species in Hluhluwe in the 1930s (Henkel 1937, Bayer 1938, Bourquin & Hitchins 1979; Brooks &
Macdonald 1983)®, Grassland was even more extensive in the north eastern Hiuhluwe Map study area, covering

78% of the area in 1936 (Figure 20.1),

Bayer (1938) attnibuted the development of thorn scrub thickets in Zululand to “the diminished intensity of grass
Jfires resulting from the destruction of grass cover by cultivation or overgrazing“. He noticed that these scrub
communities were frequent around villages and on "heavily stocked native land"; and cites examples at Uluadi,
Nongoma and Somkele (villages and towns that are located nearby Hluhluwe-Umfolozi Park). He also concluded
that in nearly every case in which thicket development was noted in Zululand savanna, the cause could be
attributed to the destruction of the original grass cover (Bayer 1938). Bayer (1938) mentioned “veld destruction
and soil erosion caused by grazing animals”, likening the effects of the plentiful wildebeest in Hluhluwe to that
of high numbers of cattle, Bayer’s observations suggest that conditions for subsequent thicket development were

in place by the late 1930s™.
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—Alluvial sand (0.00%)
Scrub in lowlands (12.19%)

Parkland (0.00%)

Closed Forest & Riverine (9.69%)—

Grassland (78.12%)

Figure 20.1 vegetation composition of the Hitchins' map/Grid survey study area
in 1937, from Henkel (1937).

Th td grassland (2.48%)

Pa max/Cy tex (4.40%)

Eu div thicket (1.24%)
Ac caf thicket (3.30%)

Ac robfFi syc riverine forest (8.67%)
_/—Ce aft/Eu rac forest (3.44%)

Ac kar/Di cin induced thicket (17.33%)
Ac nil woodland (21.46%)

@ —Co mal woadland (3.44%)

Ac kar thicket (18.29%)
L~ Ac kar woodland (15.96%)

Figure 20.2 Vegetation compaosition of the Hitchins’ map/Grid survey study area in 1975,
from Whateley's 1975 map (Whateley and Porter 1983).

Th trl = Themeda triandra , Pa max = Panicum maximum, Cy tex = Cyprus textilis
Eu div = Euclea divinorum, Ac caf = Acacia caffra, Ac rob = Acacia robusta
Fi syc = Ficus Sycamorus, Ce afr = Cellis Afiicana, Eu rac = Euclea racemosa
Ac kar = Acacia karroo, Di cin = Dicrostachys cinerea, Ac nil = Acacia nilotica
Co mol = Combretum molle



Thus, extensive areas of almost closed A.nilotica wouodland had not developed in Hluhluwe by 1936; vet there

were A, nilotica trees and A karroo trees scattered throughout much of the reserve”.

In lis descriptions of the main vegetation associations in Hiuhluwe in 1936, Heukel (1937) recorded that dwarf
A.karroo and D. cinerea shrub association was the most importaut of the lowland associations and covered a large
area. Bayer's photograph of this scrub community in Henkel (1937 - Plate VIlIb) shows excellent black rhino
habitat, Indeed, Rayer (1938) noted that 4. karroo was one of the species most heavily fed on by black rhino in
the 1930s. Bayer (1938) also noted that {(similar to the findings of this project’s surveys) black rhino preferentially

fed on medium S.africana and on A, glabrara®.

Experience indicates that most people only generally tend to notice and refer to "thicket” once trees have increased
in density and height, canopy cover and browse volumes have increased and lateral visibitity has been affected.
Given Henkel’s survey was a decade prior to the noticeable increase in bush encroachment that took place from
the late 1940s, one can speculate that the extensive areas of "grassland” described and mapped by Henkel (1937)
may have contained some highly favoured small "Acacia’s" (< 1m) which would have also been highly accessible

given the high grazing pressure described by Bayer (1938).

Thus by the late 1930s it was likely that habitat eonditions for black rhing were reasonable, and that 2 well
distributed seed source for hoth A.nflotica and A karroo existed. This will have facilitated the eventual
establishment of large numbers of (animal dispersed) A.nifofica and A.karroo throughout northern
Hluhiuwe once conditions became favourable (heavy grazing pressure, helow average rainfall period, lack

of fire, and possibly DDT spraying” (chapter22)).
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Figure 20.3. Ficture of Fhdli vlei looking aceross to the Queobeni vallev and Maygwanxa
{in Huhluwe Grid Study arca) taken m 1938, (Photo: M Roelflf Agwell), Fallowmg
towering OF the water table and dramage e inelsion . the Hidli viet area subsequently
becanme eneroached with A Lwrreor and has beea bush cleared o number of tunes. Note
the more open nature of the vegelation on the background 1xlt slupes in contrast tothe
thick vegetativn seen ve the same itlslopes in hguare 2004

Figure 2U4 1993 photograph of NE THhdhluwe from Magangenm booking scross o
slaganxe. Mose of the arce m foreground o tre towt of the Balk has been repeatediy
cleared (1he phato Was laker afey o recot re-clearmg). Note how the vegelation an

the slopes of Magwanxi has ehanged rom relatvely open (fgure 2003 1o depse
woodband and forest fexeept for the slopeg ainhe Tar left of fig 204, which have had
vanous clearmg wreatmennst. Also note the abrupt boundany at the loot of Magw anva
between the eleared lowlands and ihe wncleared slopes Tlis shows the complere lack of
hush clearing controls m bver iving arcas and the canfuending of bush clearmg
treitments with kindscape vt
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BUSH ENCROACHMENT TAKING PLACE IN HLUHLUWE PRICR TO 1949

Mr Roelf Attwell kindly allowed me access to a number of his old photographs of Hluhluwe. Figures 20.3, 20.5
and 20.6 were all taken in 1938, and show relatively open woody vegetation. Figure 20.6 shows some black
rhinos in a taller grass Acacia encroached area. Figure 20.7 was taken by Attwell in October 1942 and shows

early stages of bush cncroachment providing prime black rhino babitat {(a bigh density of accessible small

*Acacias").

Attwell (1948) discussed the spread of “the thorny A karroo and other undesirable plants in the Zululand area™.
The estimated average increase in Hluhluwe biack rhino numbers of 4.3% per annum from 1933-1948 is
consistent with earlier stages of bush encroachment (so favoured by black rhino) being underway hy 1948.
Indeed Table 1.1 indicates that by 1948, black rhino densities in Iuhluwe (0.995/km? were 82% of
maximum levels recorded for Hluhluwe in early 1961 (1.210/km?), and significantly up from the estimated

0.529/kam” in 1933. Attwell (15948) also stated that "anyone wishing to see black rhing is bound 1o do 5o if he

visits the Hluhluwe Game Reserve”

PERIDD OF NOTICEABLE BUSH-ENCROACHMENT : 1949-58

Literature of the 1960s and 1970s which discussed the timing of the onset of widespread bush encroachment in
much of Hluhluwe, indicated that the major period of "Acacia” serub development occurred from 1949-1958

(Bourquin and Hitchins 1979, Deane 1966 ™', Vincent 1979 #2, C.R Ward, J Forest and J, Anderson quoted

in minutes of 1979 vegetation dynamics workshop*?).
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King's (1987) analysis of past aerial photographs also pin-pointed the timing of the biggest increase in what he
termed "scrub” (really dense thicket moving towards woodland) between 1954 and 1960°*. This indicated that
many of the most favoured small encroaching Acacieay probably became established earlier (coinciding with a dry
puriod with heavy grazing and very few fires). This s consistent with the literature indicating that the obvious
rapid encroachment in Hiuhluwe took place earlier than 1954. Table 20.1 also indicates that a substantial increase
in woody plant cover occurred on aertal photographs of Whateley and Wills’ (1996) A. nifotica study sites between

1937 and 1954 (Appendix 20.2).

The period 1949-1958 was a time of high grazer numbers and low fire frequencies (in contrast to the 1930s when

fires were more common)**

. The timing of the encroachment may also have been related to the below average
rainfall conditions prevailing in the 1950s (Bourquin & Hitchins 1979), and possibly to the aerial spraying of
DDT from 1947-1956 to control tsetse fly” (Bourquin & Hitchins 1979, Macdonald 1979, A.J. Wills
pers.comm.), Figure 16.4 shows that only one year (1949) from 1944-56 had significantly above average rainfall,

and this was the year when the literature indicated that obvious bush encroachment became noticeable,

The initial period of obvious bush thickening is likely to have favoured black rhino, as medium (1-2m)
Acacigs are still important food sources, and highly favoured small ( < 1m) Acacias would still have been
common. Based on the estimates in Table 1.1, black rhiro numbers increased hy 8.9% per annum from
1948-50 suggesting that the carrying capacity for black rhino may have increased during this early stage
of noticeable bush encroachment. However ore should be cautious as this apparently rapid rate of increase could

in part be a result of differences in accuracy of the two population estimates and the short (two year) period?®.

Figure 20.8 was taken by Roelf Attwell in November 1954, and shows early stages of bush encroachment in the

background providing prime habitat for black rhino (a high density of accessible small "Acacius").

Howerver, from 1954, the noticeahle increase in the area of "scrub® on the aerial photographs (King 1987)
indicates that a greater proportian of encroaching A cacias had grown taller (increasing canopy over). In

addition to taller Acacia spizes heing less preferred, the results of the Pilot study (chapter 6) indicated that if
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Acacia thicket becomes very dense, black rhino feeding levels decline. The increase in "scrub" was probably in
part a response Lo the significantly above average rainfall period 1957-60 (three of the four years had significantly
above average rainfall), and indicated that the carrying capacity for black rhinos had prehably started to level

off or decline in the late 1950s.

Interestingly, the estimated mean black rhino population growth rate in Hluhluwe between 1950 and 1961
{period of obvious bush encroachment) was only 1.3% per annum - lower than in the 1930s and 19405,
This is consistent with the hypothesis that the prime habitat conditions for black rhino in Hluhiuwe
probably occurred in late 1940s early to mid 1950s, just before, or during the earlier stages of noticeable

bush encroachment, buf prior to the marked increase of "scrub® on the aeral photographs,

MAJOR PHY SFOGHOMIC CHANGES IN THE VEGETATION

INCREASE IN WOODY CANOPY COVER AND DECLINE IN GRASSLAND FROM 1937-82

The change from grassland to thicket, closed woodland and lowland forest over much of Hluhluwe indicated by
the literature (Ward 1962, Macdonald & Birkenstock 1979, Downing 1980, Bourquin & Hitchins 1979, Watson
& Macdonald 1983, King 1987, Whateley & Wills 1987) was confirmed by analyses of acrial phatographs taken
over the peried 1937-1982 (Bourquin & Hitchins 1979, Watson & Macdonald 1983, King 1987 and Whatcley &
Wills 1996 - see Appendix 20.2 for details) and by quantifying changes between past vegetation maps (Appendix

20.1). Unfortunately no acrial photographs have been taken of the Park since 1982 and the end of this study.

All analyses of the aerial photographs (Appendix 20.2) concluded there had been marked declines in the area of

grassland from 1937 with corresponding and significant increases in woody plant cover.
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- Kings'(1987) analyses (discussed in more detail in Chapter 16 and Appendix 20.2) revealed that by 1982,
thicket/closed woodland (King's “scrub” category) covered 32.2% of Hluhluwe - an arca 3.27 times greater than
1937. The area of forest showed a much smaller increase from 12.2 to 16.3% over the same period.
Unfortunately there are no recent aerial photographs, but it is likely that the percentage of forest and "scrub” (as
classified by King) has increased further since 1982 as many areas classified as "open grassland/parkland by King
on the 1982 photograph were bush encroached in 1989, and the main 1989 Post-burn survey revealed that open
grassland only accounted for 7.6 % of plots in Hluhluwe. - Watson & Macdonald (1983) showed the same
trends, with grassland coverage decreasing by over two thirds in three northerm Hiuhluwe game control blocks
from 1937-75, whilst woody plant cover increased despite hush clearing during this period. For example, in one
Hiuhluwe block, from 1937 to 1975, the percentage of grassland declined from 57 % to 12 %, while woody plant

cover increased from 43% to 88 % (Watson & Macdonald 1983Y"%,

- Whateley & Wills' (1996) quantified changes in the canopy cover in their three A.ailotica woodland study

sites using aerial photos and this showed a similar trend of increasin g bush-thickening from 1937-81 (Table 20.1).

Table 20.1 Percentage woody canopy cover values for the Whateley-Wills three study sites (selected in 1985 fo
represent  different seral stages in the development of thicket to A.pilotica closed woodland fo
E.racemosa/B.zeyheri lowland forest) on five occasions between 1937 and 1981 (I'rom Whateley and Wills 1996

- se¢ also Appendix 20.8)

1995 seral Percentage Woody Plant Cover of Woodland
"ape™
1937 1954 1960 1975 1981
Young 5 20 20 70 75
Intermediate 10 40 50 65 80
Old 30 60 75 95 95
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The decline in numbers of reedbuck (Deane 1966,Brooks & Muacdonald 1983) was a further indicator of the

decline of tall open grassland in the reserve.

The vegetation maps of Hiuhluwe showed a similar trend of increasing cover and declining area of grassland,
(Appendix 20.1) although there was an opening up of the vegetation in the north-east of Hluhluwe in the 1960s
up to 1970, when according to Hitchins’ maps the vegetation began to thicken up again. The vegetation dynamics
workshop also described a thickening up of 4. karroo areas, although suggesting that this trend occurred later from

1973-74 (Macdonald er al 1979).

- Grassland declined from covering 78% of the Map study area in 1936 (based on Henkel's 1937 map) to
account for only 32.4% of the Map study area on Hitchins 1960 map, while "dense vigorous scrub” became the

dominant vegetation type accounting for 45% of the zrea.

- Ward’s 1961 map reflected the large scale bush clearing that took place in the Map study area, and this coupled
with more frequent fires in the late 1960s resulted in grassland increasing to cover 72.3 % of the Map study area

by 1970 (Hitchins’ 1970 map), with "dense vigorous scrub® declining to cover only 5.5% of the area.

- However, by 1973 (Hitchins® 1973 map) the amount of “dense vigorous scrub” had increased to cover 29.3%
of the Map study area while grassland declined to 41.4% of the area. Whateley’s 1975 map mdicated that only
7% of the Map study area was grassland with thicket communities accounting for 400% of the area and woodland

(with A. rilotica and A.karroo being the dominant forms) accounting for a further 41 % of the area.

- Arecag that were grassland in 1960, lacgely remained grassland over the period 1960-1973, while the increase
m “dense vigorous scrub” on Hitchins® maps from 1970-1973 occurred primarily on areas than had been scrub
in 1960 and had subsequently been cleared and frequently burnt (Table 20.2). The increase in scrub in the carly

1970s coincided with the start of a period of above average rainfall and reduced fire frequencies.
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Table 20.2. Vegetation changes in the Hitchins' map/Grid survey study area from 1960 to 1973.
(Based on an analysis of maps from Hitchins 1860, 1970 and 1973).

1960 1870 197
SRR R S R S e e e S e R R e e S e S R S S R
Scru 4% Grsid 41.5% Scrub  21,0% |Dense vigaraus scrub in 1960, open In1970, induced shrubland in wooded grassland in 1973
Grsld  14.9% | Dense vigorous scrub 1960, open in 1770, grassland in 1973
A.nil. 3.6% | Dense vigorous scrub in 1960, open 1970, A.nilotica woodland/wooded grassland in 1973
M.sen. 1.8% Dense vigarous scrub 1960, open in 1970, and induced Maytenus senegalensis/other spp. woodland in 1973
Scrub  3.9% Scrub  3.7%  |Dense vigorous serub 1960 and 1970, and induced shrubtand in wooded grassiand in 1973
S Grsld  0.1% | Dense vigorous scrub 1960 and 1970, grassland in 1973 ‘ § . o "
T s T T P R e
Grsid 32.4% Scrub 1.6% M.sen. 1.6% |Grassland in 1960, dense vigorous serub 1970 and induced Maytenus senegalensis/other spp. woodiand in 1973
Grsld 30.8% Scrub  4.4%  [Grassland in 1960 and 1970, induced shrubland in wooded grassland in 1973
Grsld  26.4% | Grassland in 1960, 1970 and 1973
R D T T P A e e IR
cmal  1.9% C.mol 1.9% c.mol 1.8% | Combretum molle woodland 1960, 1970 and 1973
Forest 6.0% Forest 6.0% Forest 6.0% |Closed mesic forest in 1960, 1970 and 1973
Anil. 12.0% Anil.  12.0% A.nil. 12.0% [A.nilotica woodland and wooded grassland in 1960, 1970 and 1973
E.rac. 0.3% E.rac. 0.3% E.rac. 0.3% |Eulea racemosa woodland In 1960, 1970 and 1973
Ediv. 2.0% Ediv. 2.0% E.div. 2.0% | Euclea divinorum woodland in 1960, 1970 and 1973




Figure 20.9 A e seres of pliotographs from the NPB areinves showiug hove dramatieatly tie southern Hithinwe
vegelaton ehanged Bt st 2 33 vear peniod (rom open parkland {1949 10 a dense -egera thicket (1984). The medium
sized Aeuera w the imddbe of the {974 photograph i an dorfotiea. Note also how the big trees onthe leBR (S birreet
have provided a nucleation site for the extablishioent and Jevelopment of everpreen trees under their canoples

1949

1974

125 veurs huter)

f 1984

{35 vears laten)







Figure 20.10. Pholograph from Magangeni looking towards Ngqungqulu. Photo’s taken in May 1949 depict
the Ngqungqulu arca as open grassland, but by 1954 the arca was devotd of grass and was denscly covered
with encroaching scrub of a maxinum height of 1.5m (Bourquin and Hitchins 1979). Whatcley's 1975
vegetation map shows the area as A.karroo woodland adjacent to the drainage tine, 4. karroo thicket on the
slopes and A.nilotica woodland on top of the ridge. Staff Sgt. Ngabancfa Noobo recalled that around 19735,
closed canopy woodland vegetation was mainly sestricted to the A.robusta dratnage tine in this view from
Magagnent, and that (e vegetation on the slope had thickened up considerably since then, an observation
independently verified by M Brooks and D Densham (pers. commi). By the 1990%, patches of closed
A nilotica/A karroo woodland and forest had devcloped on the slopes, with A.karroo/A.caffra thicket n

between.






Perhaps the most striking evidence of gross physiognomic changes in Hluhluwe is photographic ¥*:

- Figure 20.9 is a time series of photographs from the Natal Parks Board archives showing how dramatically the
southern. Hiuhluwe vegetation has changed in just 2 35 year period from open parkland (1949) to what appears
to be a dense Acacia thicket (1984). Attempts to find this site in 1990 to take a fourth photograph (with only 2

grid square reference to go by) were unsuccessful®. King's (1987) Thesis has similar sequences of photographs.

- The photograph of north east Hluhluwe in Figure 20.4 was taken in 1993 from the Magangeni road. It shows
the Magwanxa hill (on the right hand side) which also is depicted in Attwell's 1938 photograph (Figure 20.3).
Note how the vegetation on the slopes of this hill has changed from being relatively open in 1938 to become dense
wouodland and forest during the $5 year intervening period. Most of the open aress in the foreground of figure
20.4 have been cleared, and bean recently re-cleared of Acacias (and particularly A karroo), with some areas

having been cleared three o four times by 1993 when the photograph was taken.

- Figure 20.10 shows a view of part of Nqungqulu taken from the top of Magangeni in 1993, Hitchins and
Bourquin (1979) reported that photographs in 1949 showed that the Nqungqulu area was open grassland but by
1954 the area had become densely covered with encroaching scrub up to 2 maximum height of 1.5 m. Whateley’s
1975 vegetation map shows an arez of A. kurroe woodland adjacent to A.rebusta forest in the drainage Iine, with
A.karroc thicket on the hillslope and A. nilotica woodland on the top of the ridge. Staff Sgi. N.Ncoho ret.
(pers.comm. ) recalled that around 1975 closed canopy woodland was largely restricted to the A. robusta drainage
line, and that the woody plants on the hillslope have thickened up substantially since then. This observation was
corroborated by P. M. Brooks and B. Densham (pers.comm). By the 1990s patches of mature A. nilotica/A. karroo

woodland had developed on the slopes with A.karreo/d. coffra thicket m between.






CYCLICAL TIICEKENING ANMD CLEARING OF A. karreo DOMINATED AREAS IN NORTHERN
HLUHLUWE

A.karroo dominated areas in the lower black clay areas and hillslopes of N.E, of Hluhluwe have been highly
dynamic. From being open grassland in the late 1930s (Henkel's 1937 map - Appendix 20. 1, Figure 20, 13), they
became thicket in the 1950s, but were opened up by extensive clearing in the late 1950s early 1960s. Frequent
fires from 1965-71 are thought to have kept the habitat open®™ (Macdonald et al 1979), before these areas once
again thickened up in the 1970s (Hitchins® 1970 and 1973 and Whateley’s 1975 maps - Table 20.2, Figure 20,14,

Appendix 20,1, Macdonald et al 1979 ).

The evidence as to the timing of the thickening up of A.karroo areas in the early 1970s was conflicting. While
the analysis of the vegetation maps indicates that substantial thickening occurred between 1970 and 1973
(Appendix 20.1), delegates at 1979 Symposium/Workshop on the vegetation of Hluhjuwe-Umfolozi Park
{Macdonald et al 1979) noted that the amount of open grassland in northern Hiubhluwe incrzased until about 1974,
There is however agreement that a general thickening and maturation of A karroo took place in the 1970s and

19802,

A.karroo dominated areas in northern Hluhluwe have been the most heavily bush cleared areas in the reserve, with
a number of arcas having been re-cleared a number of times in the mid 1970s, iate 1980s and 1990s (Figure
20.4"2, Figure 17.2). The effects of bushclearing have only been temporary (chapters 17 and 18, Macdonald er af
1979), requiring follow up clearing to maintain open areas such as tha( shown in the foreground of Figure 20.4
which was cleared shortly before the photograph was taken in 1993, Some areas of A.karroo had been cleared

three to four times by 1993.

Figures 20.12 and 20. 11 show encroaching A.karroe thicket and mature woodland, while Figures 17.2 and 17.3

_show the early stages of re-establishment of Acacias on recently bush-cleared areas.
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Figure 2011, Pimtogranh of mature 1ah spindly
Acacia kevroo woodland in the Oncobent valley
n 1991, Keryn Adeock 13 holding a smaller
A.karroo that has been browsed by a black
rhino. Note the hugh kevels of grass interference.
Sonie of the taller A.karroo s in this area were
pushed duwn by elephants enabling rhinos ta
browsetheir canopics. Vegetalion communitics
prowing on moster clayier lowland sites such
as this fotiows different successionai pathway' to
the Whateley-Wills A ndforica woodland
sUeCesion.

Figure 20.12. Photograph ofa radie-lonied black
rhino in typicat Acacia kavroo dominaied scrub in
the Comudor area of | Huhkiwe-Usifolori Park.

The long kerm canying capacity of such habitais
wal] depend upon whether buming is frequent
enough 1o prevent these trees growmg i a height
where fires witi nol resultin lugh fevels of topkill.







IMPLICATIONS OF HABITAT CHANGES FOR BLACK RIIINO

The very exiensive clearing of A.karroo thicket in north east Hluhluwe in 1959-60, coupled with increased grass
growth {following heavy culling and increased rainfall} was implicated as the main cause of the 1961 die-off of

46 black rhino in the area over a four month period (chapter 17),

Given photographs of black rhino in poor condition in 1965 (Appendix 20.4), the high levels of feeding (and
especially the high levels of browsing of generally rejected species) on Bourquin’s 1965/66 Zincakeni plot and

Hitchins’ 1969-71 plots, black rhino in north east Hluhluwe were clearly still under nutritional stress m 1970,

The general thickening and maturation of A.karroo in the 1970s and 1980s will bave reduced habitat quality for

black rhino. This was a time of continued black rhino density declines.

The Grid survey and remeasurement of Hitchins plots indicated that carrying capacity for black rhino in north
eastern Hluhluwe in [990 was approximately half that of 1970 (chapter 10). This was corroborated by the

observed increase in home range sizes smce 1370 (chapter 23).

However, while densities of favoured small Acacias declined from 1970-1990 on Hitchins plots (chapter 10), this
was possibly due to self thinning as trees grew taller (chapters 10 and 18). Significantly the densities of many

associated unpalatable species also decreased on the plots.

QOver much of the area repeated bushclearing and fire has in the shorter and longer term benefited black
rhino by been preventing extensive areas of mature A, karroo woodland developing which would have further
reduced carrying capzacity, and creating open areas where favoured small Acacias can establish and develop.
However any benefits from clearing in these areas 15 only temporary as the A.karroo thicket grows back and

matures in the absence of repeated clearing (chapter 18, Macdonald er af. 1979).
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DEVELOPMENT OF CLOSED CANOPY A.nileficc DOMINATED WOODLAND IN 1960s AND 1970s
AND SUBSEQUENT SUCCESSION IN THESE WOODLANDS TOWARDS LOWLAND
E.racemesa/B.zeyheri DOMINATED FOREST

Aerial photographs (Appendix 20.2) and eye witness accounts (Appendix 20.4) indicated that bush encroachment
and thickening took place in exfensive areas of central and southern Hluhluwe that subsequently became
dominated by A.nilotica woodland. In 1936, these arcas where grassland with small patches of A.niletica
parkland (Henkel 1937). By 1961 most of the area centered on Zincakeni (central Gnd study area) and en route
to Sitezi was still open treeveld on Ward's 1961 map (Appendix 20.1). Bourquin however indicated that
sometime betwecn 1965 and 1970 A. rilotica had become a dominant species in the Zincakeni area, although a
"representative” transect monitored by Bourquin in the area in 1965/66 indicated that A. niloticas were on average
small (< 1m). By 19735, Whateley’s Hluhluwe vegetation map indicated that extensive areas of A.nrilotica
woodland had developed in tlus and other extensive areas of Hiuhluwe (Whateley & Porter 1983).This was

confirmed by eyewitness accounts (Appendix 20.4).

Whateley’s map also revealed that by 1975, thickst communities accounted for almost 40% of the map study area,
and woodland had increased to account for a further 41 % of the area, with A. nilotica woodland (21.5%) being
the dominant woodland form. Eye witness accounts of the Zincakeni area indicate that at this time many

A.niloticas were still not greater than 2-3m (Appendix 20.4).

However, by the 1989 Grid survey, areas of A. nilotica dominated woodland in northern Hluhluwe had changed
substantially from the A. nilotica woodiland community described by Whateley and Porter (Appeandix 20.3). In
particular, many of the A nilotica’s (that had matured and formed a closed woodland) were starting to or had
senesced, and taller growing intermediate and Jater successional species such as R.pentheri, B.zeyheri and
E.racemosa had grown up in the woodland to become canopy dominants, By 1989, E.racemosa was the biggest
contributor to total canopy cover in the Hluhluwe Grid study area. This was in complete contrast to the situalion

fifty years previously where Bayer (1938) noted evergreen species were uncommon in Hluhluwe, and Henkel
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(1937) did not specifically mention E.racemosa in his vegetation descriptions of Hluhluwe. The failure of a
botanist of Henkel's ability to specifically mention E.racemosa is thought to be very significant (Bourquin &
Hitchins 1979, A.J. Wills pers.comm), as it indicates the species was not common enough in 1936 to be

considered a key species.

Whateley and Wills (1996) described the colonisaticn of and increasing canopy cover in these areas of closed or
semi-closed A.nilotica woodland in northern Hluhluwe; and in contrast to Bourquin & Hitchins (1979} advanced
an autogenic and disturbance (fire} driven successional model (based on fieldwork undertaken in 1985) to explain
the increasing dominance of later successional species like E.racemosa and B.zeyheri in A.nilotica dominated
woodland areas ***. The nub of the "Whateley-Wills" hypothesis (1996} is that A. rilotica (shown as the black trees
in Figure 20,13} is the pivotal species in the succession, and reduced fire frequencies under A. nilotica canopies

played a key role in the successional process leading to the development of lowland forest in Hiuhluwe.

Past vegetation descriptions (Appendix 20.3), eye-witness accounts (Appendix 20.4), the partial fire-constrained
ordination (chapter 16}, 3D spize abundancc plots in ordination space (Figure 20.15 - Appendix 20.9), a
TWINSPAN floristic analysis of the Hluhluwe data (Appendix 20.5) and an exploratory median method clustering
of Grid data**al] provided strong corroborative evidence for the Whateley-Wills (1996) hypothesised successional
sequence in A nilotica areas, and that E. racemosa/B. zeyheri dominated lowland forest development was associated

with long term protection from fire.

Figure 20.13 summarises Wills-Whateley’s hypothesised successional sequence in A.nfotica areas, With minor
medifications and additions in the light of the 3D spize abundance plots in ordination space (this chapter) and the
partial fire-constrained ordination (chapter 16) it appears that succession in lower lying A. nilotica woodland areas

throughout northern Hluhluwe has proceeded as follows:

- Fire adapted tree early successional tree species such as D.cinerea, A.karroo, A.nilotica and

M. senegalensis invade and establish in grasslands and opea parkland areas (Figure 20.13a).
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Figure 20.13 Diagramumatic represenlation of the Whalcley-Wills successional model showing
developmient, maturation and scncscence ol A.nifotica woodland and the development of a dry
Eoracemosa/B zevheri/f pentheri lowland forest, C) shows a stage where later successional
dominants such ag Eracemosa and B.zeyheri establish under A nflorica canopies. Evestlually by
stage D), Lhe shorter-lived A.nifoticas have been ovetlopped by these specics and are senescing and
dving.






Figure 20.14

20,14 ) Photograph ol Enclea racemaosa /
ferchemio zeyhers diy lowlagxl forest belind
Zincakew dam taken in 1990, The late Nonuan
Dreane mdicated that i 1954 one could drive
around this hill ;i that wildebeost were
caught in the arca (minutes of the 1979
Vegotation Dynamics Workshop). The area in
the foreground has been bush cleared.

20 14 b) . Mature A vifotica woodland m
advanced stages of becoming a Fieded
racemasa | Berchemia zeyheri dey lowland
forest taken near Zineakend in 1990, Much of
this area 15 cmrently being bush cleared.

20,14 ¢) Close up of a mature A sifotica o the
middic of the abave phatograph (note the
characieristic dark diamond fissured bask).
The grey barked 1ree (o the right of the bole of
the A niladica is a Berchemio zeyhert
Whatcley & Wills (1996) lound that B.zevheri
was siprlicam)y associated with sttes
underneath A nifotice conapies close ta the

bole in carticr stages of colonisation of

A milotica woodland by forest spegies,
B.zeyheri has beconwe one of the canopy
dominants in the area. Nute ather broadleaved
fater successional species under the
A.nilotica including smiall estgblishing
mdividuals of the forest species Sideroxylon

fHerme.

20, b4 d) Photograph showing a Fuclea
racesosa sapling eslablishing next to the bole
of au A.mifosica. Whateley & Wills (1996)
found that this species was signiticantly
asseciaicd with sites undementh A oifosica
canopies close 1o the bote in eartior stages
af colomsation of A vifarica woodland by
farest species.







- If fire frequencies are low, then these trees will grow above effective flame height leading to the
formation of thicket vepetation (Figure 20.13b) which eventually develops into closed/semi-closad

woodland dominated by A. nilotica. A karreo largely dies out but some D. cinerea also grows tall.

- The grass layer in mote open young A. nilosica dominated woodland is relatively uniform, consisting
predominaptiy of tall flammable grass species (eg Themeda triandra). At this stage fire still has an even

impact in these woodlands.

- As the canopy cover of the A. nilotica trees increases, the micro-environment beneath the trees begins
to change (light intensity drops, soil moisture content rises and the bumus layer builds up). Under these
conditions islands of shorter or less flammable grass species develop under the canopies (eg
Dacryloctenium australe & Panicumn maximumy). Fire sensitive and more shade tolerant intermediate
(Rhus pentheri then B.zeyheri) and later successional forest species (E.racemosa, E.divinorum
Kraussia, floribunda, Scutia myntina, Sideroxylon inerme, and Celtis. africana) are then able to establish

in these islands beneath canopies (Figures 20.13¢, 20.14¢ & d).

- As the A.nilotica canopies spread, the isclated islands of shorter grass merge. At this stage the
protection of forest saplings from fire is complete and later fire sensitive successional species (eg
S.myrtina) can germinate, and establish throughout the woodland. [Whateley and Wills (1996) found

that species patterns 1n old woodlapd were not clumped relative to canopies. ]

- As the A nilotica trees senesce, saplings of taller growing intermediate and later successional species
(R.peniheri, B.zeyheri, E.racemosa, and S. inerme) grow up through the A nifotice canopy. In time the
canopy becomes coatinuocus (Figures 20.13d, 20.14a & b}, protection form fire is increased and later
successional species can establish and develop throughout the forest. [t remains to be seen whether there

is sufficient moisture in these areas for C.afficana to eventually become a canopy dominant in the forest.
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The changes in the Zincakeni area over time are consistent with the Whateley-Wills successional sequence.

- Figure 20.14a shows the dense closed woodland/lowland forest E. racemosa/B.zeyheri on the Nyakem hill
behind the Zincakeni dam in 1990. The area behind the dam has changed from being open S. birrea parkland to
short "Acacia” thickel to closed/semi-closed A.nilotica woodland to dry dominated lowland forest with
E.racemosa and B.zeykeri as canopy dominants (The area in the foreground has been bush cleared.). Figure
20.9b, ¢ and d were alse taken near Zincakeni dam in 1990, and show mature A nilotice woodland in advanced
stages of becoming a E.racemosalB. zeyheri lowland forest (20.14b) with forest species B.zeyheri (20.14c) and
E_racemosa (20.14d) establishing next to the bole of A.nilotica’s. Since 1990 an increasing mumber of the

A, nilorica’s have senesced and died in this area indicating this species is relatively short-lived,

Looking at the dense vegetation in figure 20.14, it is hard to believe that in the 1954 it was possible to drive
around Nyakeni hill behind the Zincakeni dam (Sshown in Figure 20.14a), and that wildebeest were caught in the
area {The late Norman Deane quoted in the minutes of August 1979 Vegetation Dynamics Workshop, A.J. Wills

Pers.com. ).

IMPLICATIONS OF HABITAT CHANGES FOR BLACK RHINO

Chapter 6,7 and 9 indicate that the development of closed woodland and later lowland E. racemosa/B.zeyheri
lowland forest will have significantly reduced black rhino habitat quality and hence carrying capacity. This was
corroborated by mean black rhino offtake levels in different seral stages of the Whateley-Wills (1996)
‘successional pathway (defined using a TWINSPAN flonstic analysis of Grid data - Appendix 20.6). Mean offtake
levels in contiguous groups that had the highest canopy cover of small-intermediate A. niloticis was approximately
four times grester than that in commumities thal represented later stages of the hypothesised Whateley-Wills
successional sequence. Feeding levels in the most advanced E.racemosa lowland forest grouping was only about

5% of levels recorded for "commumilies™ with small A. nilotica.
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The 3D cover abundance surfaces of key Whateley-Wills spizes (Figure 20.15a,b,¢,d,f,g and b) in ordination
space{Appendix 20.5) corroborated the hypothesised Whateley-Witls (1996) successional model, znd also
supported the existence of vegetation zonation (Figure 20. 15 1,j,k). The Whateley-Wills successional trace pattern
to emerge has been superimposed as an arrow on Figure 20.16. This shows how levels of black rhino feeding

varied over ordination space and in the case of A. nilotica areas confirms that the biggest decline in black rhino
feeding occurred once the most favoured small/medium ( < 2Zm) A. nilotica prew taller to develop into closed
woodland. Figure 20.16 also indicates that black rhino feeding levels continued to decline (at a reduced rate) as

succession proceeded through to E.racemosa and B. zeyheri dominated lowland forest,

The results of the above multivariate analyses and the Pilot (chapter 6) and Grid surveys (chapter 7) have clearly
demonstrated that small A nilotica is one of the most highly favoured spizes by black rhine; but that as this
species prows ltaller it becomes less and less preferred until it eventually becomes highly rejected. By 1990
extensive areas with stands of tall A.nilotica’s covered large arcas of both the Grid study area and the rest of
Southern Hluhluwe. Given the apparently even aged nature of many of the A.nilotica clased woodland stands in
Hluhluwe (suggesting that a set of conditions probably existed in the past which allowed a whole cohort uf;
seedlings to germinate, establish and mature} 1t is reasonable to expect a degree of self thinning to have taken
place. Using empirically-derived self thinning relationships from the field of plant population biology (White &
Harper 1970 ; Hurper 1977) it is possible to predict approximate densities of favoured small A. nilotica's that
existed in the past, and which gave rise to curreatly observed densities of taller A. rilotica’s. It was estimated that
past densities of highly favoured small/medium ( < 2m} A. rilotica’s on the 127 Grid plots containing the species
(532.5% of Hluhluwe Grid Study Area}, wore probably between 2.3 and 5.2 times higher (and may even have
been as much as 8 times higher) than the observed 1989 densities (see Appendix 20.7 for details of
calculations), This further indicates that habitat quality for black rhinos will have becn higher when most of the

A.nilotica trees hecame established.

Given the likelihood that there were significantly higher densities of small palatable Acacias in the early 1950s,
habitat conditions wouid have been substantially better then than for much of the 1980s. Grazing biomass was

high forty years ago with a low proportion of bulk feeders, and this will have further favoured black rhino by
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. results of pelynomially detrended correspondence analysis of the

Figure 20.15 A). Canopy cover abundance levels of Acacia nilotica
spizes as 3D surfaces in spize based ordiration space (*based on

N T

Hluhluwe grid plots after excluding riverine and true mature evergreen
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.
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Figure 20.15 B). Canopy cover abundance Jevels of Dichrostachys
cinerea spizes as 3D surfaces in spize based ordination spacc*
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. Figure 20.15 C). Canopy cover abundance levels of Rfws pentheri
spizes as 3D surfaces in spize based ordination space*
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Figure 20.15 D). Canopy cover abundance levels of Bercelmia zeyheri spices as 3D
surfaces in spize based ordination space*
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Figure 20.15. E}. Canopy cover abundance levels of Evclea divinorum

. spizcs as 3D surfaces in spize based ordination space*
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CANOR Yy COVER

Figure 20.15 F). Canopy cover abundance levels of Euclea racemosa
spizes ag 3D surfaces in spize based ordination space®
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Figure 20.15, Can(;py cover abundance levels of Sideroxylon inerme (G) and Scutia
myrtina (1) spizes as 3D surfaces in spize based ordination space*
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Figure 24.15. Canopy cover gbundance levels of medium-intermediate
1-4m Euclea crispa (I); of mtermediate-tall (>2m) Acacia caffia (F);

and of Vernonia subuligera (K), as 3D surfaces in spize based ordination
space*
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Figure 20.16, 3 D surface plot of the amount of back rhino feeding (browse bottles eaten per plot) in spize based ordination space.* The arrow shows the successional
path from small Acacia nilotica through Acacia nilotica closed woodland through to a dry lowland forest dominated by £.racemosa, B.zeyheri, R pentheri, S.inerme,
S myrtina with some mature Anflotica and D.cinerea’s sencscing. Note how fecding levels drop dramatically along this pathway especiatly at early stages of succession
as Acacia nilotica’s grow into taller, less preferred spizes.
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reducing grass interference on small "Acacias™. A photograph taken by Roelf Attwell in Hluhluwe in 19356

(Figure 20.8), and shows ideal black rhino habitat with many small Acacias visible.

INCREASE IN UNPALATABLE Eucleas TN OTHER AREAS

The increase of E.divinorum in other areas of Hluhluwe was also discussed by Macdonald (1981) who noted that
the E. divinorum woodland community “is spreading through the invasion by BE.divinorum of senescing closed-
canopy Acacia woodlards”, and spac‘ulatad that even if E. divinorum was cleared in these areas it would probably
return because of selective high browsing pressure. E.divinorum also appears to have increased both on eroded
bottomland soils near the Hluhluwe river (eg at Sisuze), and in A.nilotica woodlands in the drier south of
Hluhluwe. Increases in E.divinorum woodland a{so have reduced black thino carrying capacity as this species is

highly rejected.

Macdonald (1981) observed that the secondary invaders which followed the Acacia and Dichrostachys thom scrub
stage of encroachment tended to be broadleaved trees, and he listed E, crispa, E.divinorum, E.racemosa and
Maytenus senegalensis as the main problem species in Hluhluwe, He argued that once E.divingrum thicket had
formed in the lowlands of the Hiuhluwe valley (possibly on areas transformed by Iron Age Man), this species®
unpalatsbility would result in selective browsing pressure, preventing the regeneration of other species, and

selectively maintaining E. divinorum as an almost monospecific tree community *%.
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PATCHES OF EVERGREEN FOREST PRESENT IN 1930s REMAIN

Bayer (1938) and Henkel (1936) noted that small patches of evergreen forest occurred in lower lying areas in

Hlubluwe North*”. Small patches of evergreen forest still occur in this area today.

RIVERINE COMMUMITIES IN 193¢ APPEARED SIMILAR TO TODAY WITH EXCEPTION OF
INCREASE IM C.ederata

Bayer (1938) mentioned that S.africana formed dense stands along the river banks and was favoured by black
rhino. In some localities he noted that these stands may extend 50-100m away from the river itself. He recorded
the association of R.pentheri, P.africanum and §.inerme with this species. He also noted that A. glabrata also
occurred nearer the river and was favoured by rhino. Based on this description, much of the riverinefalluvial
/small drainage line communities appear to have changed little over the last fifty years with the notable exception
of the dramatic increase of the alien Chromolena ordorata over the last twenty years (and especially since 1990)
in these areas. Thus, the drainage line/ alluvial/ riverine areas in Hlubluwe appeared to provide key habitat for
hlack rhino in the late 1930s (Bayer 1938) as in 1989 (Grid survey and Post bumn surveys) although the recent

increase in C.odorata is cause for concern® .
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CHAPTER 20 NOTES

#1: Soil and physiopraphic charg¢teristics have a major controlling influcnce on the spatial distribution of different vegetation communities
theough their influence on water and nulcent availability as well as microclimate. Smith & Huston (1989) soupht to explain the spaiiai and
tempor] patterns of plant communitics in terms of aduptations of individual species for the use of two resources - available light and water.
They proposed that succession is essentially a femporal shift in species dominance, primarily in response to autogentic changes in Eght
availability (Smith & Huston 198%), while zonation of plants is primarily a result of & spadal shifi in species dominance in responsce to
changes in water availability on the dynamies of competition for light. Austin & Smith (1989) and Smith and Huston {1989) further argue
that these lemporal and spatisl pattarns anse because of different physiolopical and morphological adaptations of the different species. The
very adaptations that allow a plant to grow well under one sol of conditions will prevent it from surviving under some other conditigns with
the result that different spesies will hold the competitive advantage in differcnt pacts of the water:light resource space, The differential
toterance of different species to disturbance regimes such as fire and browsing also is likely to affect succession inan area. Competition may
result in many species having their ceological optimuom closer wo their physiological limic rather than to the optirrum. Differem combinations
of lifc history characleristics enable different plant species (o succeed under different conditions as thers is no such thing as absolute
compelitive ability, nor any measure {=g growth rale, shade tolerance, seed output or maximum size) that confers competitive ability under
sll condiions. Early sugcessional species tend to have high seed output and dispersability, greater lolerance to ¢ortain stresses (ep grass
competition, browsing and or fire), have rapid growth rales as a result of high- photosynthetic and respiretion rates, but have Jess efficient
photosynthesis at low light; white later successional species tead 1o be longer-lived, are shade tolerant, have. lower transpiration and
respiration rates but arc more ¢fficient photosynthesizers at low light levels, and tend to  grow taller and have morce structura! strength

(Huston & Smith 15987).

As eardy as the 19305, Bayer (1938) and Henkel (1937) noted that there appeared to be a spatial zonation of vegetstion communities in
Hlubluwe reflecting catenal and soil differcnces. They also noted that a catenal sequence oceucred throughowt "shart Acacia veld™ of Natal
and Zululand; with 4. caffra aud A karree being associsted with upper areas of the catens and moister lower areas; with A nilofice accurring
in the intcnnct-iiau: drier parts of vatteys {(Bayer 1938), These authers also noted that 4. karroe thicket and woodland was particulary
associated with moisier clay areas with taller grass, Bayer ({938) howcver cautioned that this catenal zonation was not always easy Lo see

of steep slopes, and because comemunitios were also influenced by differences in soil conditians,

These observalions were corroborated by the environmentally constrained ordination of the Grid survey dala (chapter 14) which confirmed

the significant influcnce of 50il, aitiude and aspcet on the zonation of vegetation as hypothesised by Bayer (1938) and Henkel (1937).

Whateley and Hiehing's vogetation maps (see Appendix 20.1) and the 1989 Grd survey also confinned the spatial zonstion of vegetation

in northern Hluhlowe.
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#2: Since the 1989 Grid survey C.odarara appears to have increased markedly in northern Hluhluwe. This observation has also been made
the Parks® current Repional Ecologist Mr Dave Balfour (pers .comun)whe mentioned this species had increased substantislly in many Acelypha
glabrate areas. Given that 4. glabrata is an important end favoured black rhino food, and that C.odorata may also have smothered other

palatable species such as M.nemorosa, the increase in C.odorata in the 1990s is likely to have negatively affected the carrying capacity for

black rhino in thesc habitats.

#3: While clear spatiz] zonation of vegetation occurs in response 1o environmental factors such as soil type, slope, altitude and aspect within
& similar landscape unit, many suthorities believe that it is more appropriate o examine vepgetation in terms of continua or gradieats in
species and spize composition as opposed to somewhat arbitrary definitions of discrete "communities” (Gaugh 1982). However, on heurisiic
grounds, it is ofien useful to examine differences between so-called “communitics”, even though in practice it may be more appropriate in
savanna’s lo view vegetation in terms of continus in spize composition. "Communities” are discussed in this chapter with & view to

contrasting dilferences between different parts (or seral stages) of a vegetation continuum.

#4: In a discussion on "deciduous short tree savanna™ Bayer (1938) noled that “as long as the usual annual grass fires are allowed ta pass
through, the thorn veld remoins open. The effect of fires is to retard succession and o prevent the develapment of thickets. There is no doubt
that in the absence offire, tharnveld would clase up to form a closed woodland, It wowld seem that typical open thornveld daes not represent
a climatic climax type of vegetation; but is virtually a fire sub-climax, Exactly what the composition of a true climatic climae would be cannot
be determined, since no thorn veld vegetation which is immune from fire exists in Zululand,, and it seemns quite impossible lo provide permanent

protection from fire for any portion of this vegetation”.

By way of contrast to the 19505 and early 1960s, acrial photographs showed that during 1937 at least 34 fires had occurred cither panly
or totally within the original boundarics of Hluhluwe Gume Reserve (Berry & Macdonald 1979). From 1930 onwards the burning policy
for Hiuhluwe Game Reserve was 10 instruct game guards 10 burn any arcas that appeared to be rank and to bum along tourist roads to attract
game to the roads (Vincent 1979). Funds st the time precluded the burning of firebreaks, so that uncontrolled fires were frequent (.B.
Potter pers.comm. 10 ].Vincent). The game conservator’s repot for 1936 reads "several parches of old dry grass, chiefly on the hiils, have
been burnt®, Henkel (1937) also noted that fire was frequent in all but the lowveld arcas where the grass cover was 100 spacse to burn, and

he reporied that the annual or peciodic fices ignited by man "swept through the reserve ™ maintaining “an equilibriwn®.

The imporance af man in setiing fircs was revealed by Berry & Macdonald’s anelysis (1979) which indicated that only 9 of 772 fires
recorded for Hluhluwe-Umifolozi Park over the pedod 1955-78 were stadted by lightening. The suthors concluded that given the Park’s
climatic conditions, the initistion of fire by lightening would not have oceurred frequently encugh to have maintained open savanna in arcas

of unimpeded drainage.,

#5: While wildebeest were nusierous over fifty years ago, it was uncommon to s¢e them in North Hichliswe in the late 1980s. It is only
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following the reintroduction of more wildebeest inte Hluhluwe North following bush clearing, the reintroduction of ¢lephant, a change to
more frequent burning, and ongoing bush clearing in the arca, that small herds of wildcbesst wers more commonly being seta in northern
Hluhluwe in the later 1990s. To have s¢ many wildebeest in the reserve in the mid 1930s, Hluhluwe must have been relatively opeu country

at that time. An old South Alrican Railways Post Card from the 19305 shows a herd of wildebeest grazing on an open grassy hillslope.

The high warthog and wildebeest numbers mentioned by Bayer is consistent with the extensive arcas of open grassland described by Henkel

(1937).

By way of contrast, nyala {(which appear o favour intermediate and later stages of succession in closed 4. nifatica woodlands), have gone
from being rare 10 become the commonest amtelope in Hizhluwe (although this has coincided with a deamatic decline in numbers of bushbuck

in the reserve}.

The decline in numbers of common recdbuck in Hlubluwe (Deane 1966) haa also been striking, and is another indicator of e decline of

tall open grassland in the reserve over time.

Thus the dramatic changes in numbecs of reedbuck, wildebeest and nyala provides additional corroborative cvidence that there has been &

change from open grassland and open woodland o more closed woodland and forest,

45 As early as the 1930s Bayer (1933, 1938) identified 4. #ilotica, D.cinerea. A.karron, A.robusta, A gerrordii. A.caffre, A wortilis, Phoenix

reclinata, M_heteraphylla and Eucfea species as chicf pioneers in the invasion of gmssland 8y trees in Zululand.

Recent work by Prof, William Bend {pera comum} of the University of Cape Town and co-workers also indicates that 4. aflotica establishment

seems to predominantly oceur in heavily grazed areas corroborating Bayer’s obasrvations.

Bayer (1933) also noted thet in Zululand, closed bush (rather than clumped vegetation) was most marked along water courses or around
walcr scepage areas; and that in areas away from drainage lines there was 2 lendency for the occurrence of sthickets of pioneer trecs, and

capecinlly of 4.nilotica.

#7: Henkel's d.nilarica and A.karreo parkland was described as occurring in & limited area of the reserve, although he mentioned it was
lypical of much parklagd throughout Zulwland and Natal. The photo of this community in Henkel (1937}, and the name perkland, supgests
this association was fiirly open with a few scattered mature dcacio trees. Henkel (1937) also remarcked that patches of this association or
single trees were found seattered theough the scruh association of the lowlands, Henkel (1937 also listed 4.nilodca and A.karroo as

ocourring in A.cqffre paridand.

#8: Bayer (1938) alse noted that in the 1930s hlack chino in Hluhluwe preferentially fed on §.afficana. He noted that pruning of this species
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kept it with a stem height of 1.25 - 1.5m talt with much coppice growth which was later browsed, He noted that occasionally the stands of
stunted S.africana treea may be as much as 0.4 Ha in extent. He notzd that along the Hichluwe river S_afficana frequently forns closed
stands, {and stil] does - eg south of the Hluhluwe river at Nomagetje}, the trees being only 1.25 - 1.85m apart with straight boles. He alsa

recorded that thinos pushed over individuals of this species. Other food species he noted included A. glabrata..

Auwwell (1948) made similar observations 1o Bayer (1938} about black chino feeding in Hluhluwe noting that the black rhino "copes with
the thoray dwarf form of A.karrea, and also numbers the Tambothi tree (5. afficand) among its favoured food ™, He also noted that sinail

trees were pushed over and browsed on by black rhino in a number of arcas of Hiuhluwe.

#9: Although there is no hard evidence, it has been speculated that the actial spraying of DDT (from 1947-1952) to contro] tsetse fly might have

contributed to increased Acacia seed viability (and higher gcrmination rates} by reducing bruceid beetle damape of Acacia seeds (Bourquin &

Hitchins 1979, Macdonald 1579, AJ, Wills pers.comm).

However, argument ageinst DDT being a major factor comes from T.M.Smith and §.E.Taylor (unpublished quoted in Smith & Goodman
1986) who concluded that neither seed predation in under canopy environments, or tack of germination sppeared to be a fsctor limiting
Acacia establishment under canopies. Rather it was the high seedling mortality of "Acacia's” under canopies that was responsible for the
Acacia’s establishing in open arcas. Anderson {1989) has also argued that seed predation js not that imporiant to recruitment of long-lived
perennigls. Even when insect szed predators destroyed 95 % of seeds, Anderson (1989} concluded that these fosses did nol necessasily have
an important impact oo population restuitment, because in most yeacs, recruitmend appeared to be more limited by a ranity of safe sites and
not seed supply. Emst ot al. (1990} also indicate-d that seed predation by brucchid beetle on A.nifsiica seed was varable from year to year

depending on the quantity of seed produced. In years of good seed production sced survival was higher, (See chapter 22)

#10: Based on photographic evidence and parsona] communications between them and the late Norman Deane (see also Figure 20, 9a),
Bourquin and Hitchins (1979), belicved that rapid development of encroachment started in Hiuhluwe after 1949, and that the main increase

in woody plant densities in grassland took place over a short below-average rainfall peried (1950-1958).

#11: Deane (1966) stated that by 1954, “as a reswit of overpopulation, grazing conditions had dereriorated throughout (e reserve
(Hluhluwe)” and that “Acacia and other undesirable scrub had invaded at an alarming rate end conditions were rapidly becoming

unfavourable for the praging bers of the e ity "

o

#12: Vincent (1979) also indicated that the major bush encroachment occurred in the 1850s when he postulated that “the introduction of

measures io protect the reserve from frequent fire might be the cause af much of the serulb encraachment which has prevailed since 1950."

#13: Tn reviewing evidence for past vegetation changes in northern Hluhluwe from 1937-1957, the park's first resident ecojogist, C.R,

(Roddy) Ward (Quoted in the minutes of August 1979 Vegetation Dynamices Workshop Working Group 2 ; Past Vegetation Changes - 1937-
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1957 also noted there had been a marked increase in Aeacia scrub and other woody plant species.

The 1979 vegetation dynamics workshop speculatively concluded thet the combination of increased grazing pressure, with 2 series of dry
years led 10 the reduction of prass cover and hence reduced grass: tree competition reducing the impact of fire on Woody plaats and that
this was a major cause of the bush encroachment between 1949 and 1955 (Hichins & Bourquin 1979, J.Andersen & J.Forest in notes of

waorkshop).

#14: King (1987) indicaled that much of what was clissified 23 "scrub” in the Hlubluwe basin {southem-centra] Hlubhswe to south of Grid
smidy arca) waa dominated by evergreen specics sueh as E.dhvirerum and was probably closer (o forest and scrub. King noted that "serub”

expansion was greatest at low altiudes whereas forest expansion was greatest at higher altitudes (above 300m).

#15 Around the time of major bush encroachment in Hluhluwe, altempts were being made ta limit fires. The reserve’s first ecologist, C.R.
Roddy) Ward (1957, 196, pers.comm.) indicated that the policy of indiscrinunate "random deliberate”™ burning in Hlubluwe was halted
in 1950. He alzo noted that for & few years after this, fires were restricied to accidental fires and the influx of fires from (e "native reserve”
outside Hluhiuwe (Ward 1957). Funthermore in 19535, a directive was also issued by Natal Parks Board’s head office controlling all buming
within the reserve other than the burning of fircbreaks. The fire maps at Rluhluwe (s¢e chapter 15) confirm the low incidence and extent

of fire during the period of rapid encroachment.

#16; Over such a short period (two years) the eflect of estimate inaccuracy will be magnified, while over a longer period this becomes tess of a

prablem.

#17: Dataused o estimate population growth rates were taken from Table 1.1 Earlier population estimates (1533, 1937, 1948, 1950) referred ta
the original boyndury of Hluhluwe Game Reserve (16079 k™), while the 1961 ustimate was for the revised Parper Hlubluwe reserve ( 230.67 k).
To emahle comparison with previous estimates the 46 blagk rhino from southern Hlubluws (60.6% kin®) were dropped from the estimate giving 2
remaining area very similar 10 the oniginal reserve size. The revised estimate of 233 (279-46) reduces to 220 i scafed on 2 pro-rata basis to the
original reserve size. This iranslates to an overall increase in numbers of only 30 animels over an || year peniod (reflected in the small increase in
densities between 1950 and 1961 in Table L1 - 1.182 vs 1.210 black rhine / km®). Even if one were 1o take the Hivhluwe population in 1961 as

230 the estimated annual rate of increase from 1950-61 is only 1.8%.

Even if one were to assume that the 1950 figure of 190 was an overestimale, the estimaled annual increase from 1948-1961 is 2.5% (2.8%if 1961

estimate = 230). These levels of increase still Il below the estimated average increase of 4.3% from 1933-48.

The earliest estimates inthe 1930s are likely fo be approximate guesstimates and the apparent greater rate of increase from 1933-37 (7.8% perannumy)

comparsd lo 1937-48 (3.0% per annum) may be more appareat than real.
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#18: According to data presented in Watson and Macdonald (1983) bloeks 3, 6 and 8 had average fire refurn periods over the period 1937-75
of 6.0 years, 6.9 years and [0.2 years respectively; while the results of their study suggested that in order ©0 maintain woody cover at
existing levels requires a burning frequency of approximately once every three years. Of the three blocks (3, 6 and 8), the block with the

lowest fire frequency (B) had the greatest relative increase in woody plant cover by 1973,

Watson & Macdonald's (1983) analysis indicated that from 1937 w 1960 aad from 1960-75 {ire frequencies were low fo very low in blocks
3,6 and R with an average of only 3% (block §) 1o 12% (block B)f game control block burni per snnum from 1937-1975 and from 12%

(hlack B) 1o 24 % (block 3) per anomm from 1960-1975.

Intcrestingly, Watson & Macdonald (1983) did not record any decrease in trec of scrub cover despits woody plant removal operations which
covered zn estimated 17% and 30% of the area duning the periods [957-60 and 1960-69, These apparently conflicting conclusions van be
explained, if over the game contre} black as & whole, increases in scrub and tree ¢anopy cover in unclesred areas cancelled our any
temporaty dechines in scrub density on bush cleared sites. For this reason it was unfortupate that Watson & Macdonsald (1983) did not
anulyst the bush cleared arcas scparately from uncleared arcas. Mever the [sgx, despite significant, and in some cases repeated cleating in

this block, woody cunopy cover still inereased by a third between 1937-1975.

#19:  While some photographs were very useful, the vast majority of photographs examined were unusablc as they tended to depict people

and animals rather than the vegetation. In addition the lacations of many were unknown or the photographs were undated.

More recently len Macdonald had the foresight to start taking fixed point photographs in the early 1980s. Whilst difficult to quantify, these
photographs at Jeast provide a record of past vegetation conditions. Unfortunately these photographs were not repeated in the late 1980s

early 1960s.

#20: Tony Whateley who ook the last photo has emigrated from S.Africa, and all one had to go oo was a quarter grid square refersnce.
It may have been that the site was cleared in recent bush clearing operations. Howevey, in futvre, it is probably worth trying to re-find the

site. The gnd reference marked on the 1974 photogeaph was 0282 a/z.

#21:. An aonotated map by Dr Orty Bourquin eround [970 indicated that much of the areas cleared around 1960 were either still grassland
or were parkland with scatiered Scleocarya birrea (including most of the bottomlands paraliel to main Meinorial Gale eotrance road - sec
Figure 20.4). Hilchins' 1960 and 1970 maps (Table 20.2, Appendix 20.1) also show the marked opening up of the vegetation in the area
from 1960 10 1970. Hitchins 1970 map (Table 23.2) and measurement of Hitching™ plots confirmed the open naturs of the habitat around

1574,

Bourquin {pers.comm.) noted that the opening up of the north-eastern Hluhluwe A.karroo aress in the early 1970s was striking 2nd he

ascribed the thinning out of the ticket during the 1960s and early 1970s to the mare frequent fires at the time {sce chapler 16). Although
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a below averape rainfall period, fires were frequent from 1965-71{chapter 16, Figures 16.2 and 16.3). Intercstingly, the period 1965-71

wat one of only hwo periods since the 1951 die-off when the underlying wrend in black rhino numbers did not decline {chapter 16).

#22: Woarkshop session 1 Group 3 members Peter Ritchins, Jotm Forrest, Keith Meiklegjohn and Jeremy Anderson came to a general agreement after
discussing Past Vegetation Changes 1958-1979 that“Hiuhluwe, in particular, the North, hadundergone a cypele of this period from scrud invaded
grassiands which had opened up and had then reverted to elmos! their former siate” (Macdonald et al 1979), Many of these A.karroe

dominated areas in N.E. Hlohluwe have been subsequently reclearcd in the 1980s and {9905 .

#23: Note the sbmpt boundary on Figure 20 4 between the cleared lowlands at the foot of the slopes to Magwanxa (where na uncleared

controls have been lefl) and the dack of clearing upstope (except at the Makokhoba slope at the very far loft of the picture near Memorial

2ete) which confounds landscape unit and bush clearing treatments. Thiz significantly reduced the ability of managers to learn from adaptive
management (Chapter 18). A.J.Wills (pers.comm.) reports that C.R.Ward [eft one control plot in this area, but that this plot along with
another controt he left were unfortunaicly bush-cleared later by a manager unaware of their existence. This is just one of many (nstances
where experimental plots, macked transects, or exclosures have been 2ccidentally burnt, busheleared or “ridied-up” by managers™’. This
together with a lack of adaplive management (eg failures 1o leave conlrols .in some bush clearing Lreatments) has effectively precluded the

use of the linuted number of long lerm experimental Lreatments 1o study the effects of bush clearing in Hluhiuwe.

#24 Whateley and Wills” work in Hiuhluwe (Appendix 20.8) built upon the earlier ohservations in nearby Mkuzi Game Reserve (Smith & Walker
1983; Sunth & Geodman 198G, 1987), that sun-loving *Acuciu's” {(A.nileticu, A.toriilis and D. ¢inerea) did not readily estabrlish undes their
own canopies; whereas deciduous broadleaved or evergreen seedlings were“canopy tolerants” concenteated beneath canopies or independent
of established Acecia's. These authors hypothesised that these “canopy tolerants™ then grow to maturity under the “dcacia ™ canopies, and
when the established trees senesce, there is w transition from the microphyllus Acgeig speeies 1o a stapd dominated hy everzreen and
decidugus broadleaf trees (Smith & Walker 1983; Snuth & Goodman 1586, (987, Whatkley & Wills [996). In essence, Bews (1917) and

Bayer (1933) postulated this model of succession for inoister greas away from drainage Enes in Hiohluwe sixty yeusrs ago, Whateley and

Wills (1996) also hypothesised that as sion procecded fres were reduced or restricted 1o open arcas between tree canopies favouring

the development of later successional species which are more fire sensitive (chapter 16).

The findings of Smith & Goodmun (1986, 1987) in nearby drier Mkuzi game reserve were corroborated by the patierns found in Hluhluwe
by Whaicley & Wills (1996). Smith & Goodman {1986) examined the distribution of spacie s in relatian Lo eanapies af 4. niforica and A. tordlis

and found thare were Iwo 1ypes of species:

0 Species whose seedling establishment wag associated with under canopy environments.

o Specics whose seedling establishment was resiricted Lo open ar between canopy environments .

486



Only two species were studied in the A.nilotica community. A.nilotica seedlings were almost exclusively found between the canopies but

a few individualz occurred at the outer edge of canopies. In contrast E.divinorum was found only beneath canopics (Smith & Goodman

1986).

Of the eight species in the A. torilis community, E.rigida, E.divinorum, Grewia monticola, M heteraphylla and Z.mucronata were associated

with under canopy environments; while A. fortilis, D.cinerea and M.senegalensis were associated with open environments (Smith & Goodman

1986).

Smith and Goodman (1987) and Smith & Walker (1983) proposed a similar model (o that of Whateley & Wills (1996) where canopy tolerant
specias grow to maturity under Acacla canopies, and when the established trees senesce, there is a transifion of the commuaity from
microphyllous Acacia species to a stand dominated by evergreen and deciduous broadleaf species, The one exception ta this rule appesred

ta be M.senegalensis which Whateley & Wills (1996) classed as a transitional species, but Smith and Goodman (L987) found was assaciated

with more open environmenis rather than vnder canapies.

Bayer {1933) postulated that the ¢ffect of these pioneers wasto “shade the soil, decrease evaporation rate, and gencrally to create conditions
which favour the development of more hygrophilous types®, He noted that this change was often accompanied by a chanpe in grass species
comgosilien. As 8 rule he postulated that pionzer woody species were sun-lovers, and as a rule not tall, whereas the taller species which
developad under the pionesrs eventually overtopped theny. He noted that “the pioneers are not abie 1o endure the shade of these trees and

are evertually killed out® (Bayer 1933, 1938). Bayer (1938) acknowledged that his thom-veld successional model was the same as that

proposed by Bews (1917) for Natal.

Based on an analysis of tree densities between neighbouring A.nilotica wees, Whateley and Wills (1986) found that the two species,
D.cinerea and A.karroo, had significantly higher densitics in open arcas outside 4.nkorica canopies corraborating Smith & Goodman's
(1986) similar fieding in acarby Mkuzi Game Reserve (that Acacia’s” are sun-loving and do oot readily establish under their own canopies);
while the forest apecies C.africana, B.zeyheri, E.racemnosa; and the transitional R.pentheri ocourred at sipoificantly higher densities under
trees in intermediate A.nilotica woodland. They also suggested that sites under canopics were better protected from fire and so better

establishment sites for more fire sensitive later suceessional species such as E. racemosa.

#25: The exploratory median method clustering (non-standardised Euclidean distance) of'a subset of the Hluhluwe Grid piots (afier dropping
riverine and true Celtis/Harpephylium ¢vergreen forest plots) provided further confirmatory evidence for the Whateley-Wikls (1996)

successional model but as these results did nol add any further new insight into the vegetation patterns nol alreedy revealed by he ordinaticn

and TWINSPAN analyses and are therefore not discussed further.

#26 : Macdonald (1981) noted that *under the browsing pressure throughout the E.divinorum woodlands in the reserve in the mid (9705, there was

virtuaily noregeneration of any palatable woady species in this habitat”. He speculated that ather more palatable woody species would possibly only
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regenerate on thess areas following a considerable reduction of browser numbers.

In a recent visit 1o Hluhluwe it was noticeable that E.divinornm was the dominant species growing up on E divinorum arcas that had been bush
cleared in svuthern Hlubluwe around the Magquanda turn-off lending support to Macdonald’s hypothosis.. Numbers of mixed feeders in the area have

alsa increased noticeahly over the fast 10 years.

# 27: Bayer (1938} aizo hypothesised that cvergreen sub-tropical forest margin communitics were dominated by piouser species which
provided the shade for taller growing fater successional species leading to 2 geadual expansion sutwards of forest patches producing a clump
ype of vegetation described by Bews (1917). Bayer (1938) atteibuted the more luxuriant vegetation in the lowest parts of the reserve Lo the

regular occurrence of early moming mists.
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CHAPTER 21
THE USE OF VORTEX PVA MODELLING TO EXAMINE SOME

OTHER POSSIBLE CAUSES OF THE HLUHLUWE DECLINE
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CHAPTER SUMMARY

0 Previous chapters have examined the possible role of habitat changes {especially those related to fire,
bush clearing, culling of grazers and lack of ejephant) in the decline of black rhine numbers in Hluhluwe,
This chapter is the First of two which investigates other potential causes of the Hluhluwe black rhino

population decline,

© The chapter briefly reviews the results of previous Population Viability Analyses (PVA) of black rhino
in Kenya (Foose ¢ af 1993 ) and in Hlulluwe-Umfoloa Park (Swart 1994), and then presents the results
of heuristic VORTEX PV A modelling (Lacy & Kreeger 1992) of a simulated "Hluhluwe" type population,

to investigate the relative importance of possible demographic and other factors in the Hluhluwe decline.

© With the benefit of hindsight, and i the light of growing empirical data on performance and mortality
rates of many populations in southern Africa, the conclusions from the Kenyan black rhinoceros PVA
workshap (Foose ef af. 1993) were overly conservative due Firstly to the use of g long inter-calving inferval
of areund four years (0.24 births/adult female/year averaged across pepulations perferming well and very
poorly); secondly, due to the modelling of very severe catastrophes; and thirdly, because the resultant
maximum potential growth rate of modelled Kenyan populations (4.7%) fell well below levels routinely
attained in many expanding southern African populations (7%+). Despite this, the results of the Kenyan
PVA (Foose et 4 1993) clearly indicated that demographic stochasticity and inbreeding depression were not

likely to be potential causes of the Hluhluwe decline.

0 Following Population Persistence Analysis {(PPA)} PVA modelling of the Hlubluwe-Umfolozi black rhino
population, Swart (1996) concluded that although the Hluhluwe-Umfolozi population was large, it
remained vulnerable due to demographic flyctuations rather than poaching. Her predicﬁoﬁ that the
poptilation would become extinct in only 159 years (Swart 1996, Swart & Ferguson 1993) was totally at
odds with the results of the Kenyan PVA (Foose ef of 1993) which indicated that demegraphic siochasticity

could not have caused a decline of the magnitude observed in a Hluhluwe sized population.
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On closer examination Swart’s conclusion can be discounted, as her PPA modelling of Hishluwe-Umfolo=
park was fatally flawed. Swart preferred to use PPA over other PVA extinction models because only
population estimates were needed to estimate a population’s persistence time. However, any model is only
as good as its input data, and Swart’s conclusions were based on the uncritical use of and implicit
assumption of the accuracy of dubious rounded population estimates she had obtained for the Park. In
particular Swart (1994) unquestioningly interpreted an apparent decline of a hundred animals in just one
year from 1985 and 1986 (300-200) as indicating high levels of demographic instability. The rounding off
of the 1985 and 1986 estimates she had been given to the nearest hundred did not even rouse suspicton! If
she had investigated further, she would found that neither park mortality records nor the intensive black
rhino menitoring survey work undertaken by Hitchins in 1985 and 1986 (Hitchins & Brooks 1986, Hitchins
1988) indicated that any major population ¢rash took place in that year, and that my Zucchini-Channing
Bayesian Mark Recapture Analysis of Peter Hitching’s 1985 survey data produced a best estimate for 1985
of 241 (and not 300). In focussing solely on population size, Swart’s PPA analysis also effectively ignored
the key role ecological factors, and in particular habitat changes, can play in influencing black rhino

population dynamics,

o In response to the marked decline in carrying capacity in Hiuhluwe (Chapter 20) black rhino cows were
observed to exhibit both longer inter-calving intervals of 5.25 years and older average age at first calving
of 12 years (Hitchins & Anderson 1983). In addition to the poor reproduction, adult mortality levels also
increased (9 3.5% < 7.3% per annum), with high numbers of adult males being killed fighting (Hitchins
& Anderson 1983). All these changes are consistent with a black rhino population under nutritiona) stress

{Bothma 1988).

The question of interest is whether the observed increase in adult mortality, age at first calving and inter-
calving interval plus the translocations and other kmown losses (to poaching, lions and being burnt to death
in veld fires) are enough to explain the magnitude of the Hluhluwe decline, If they are, then one can dismiss
calf predation as having been a major factor. However, if they are not sufficient to fully explain the decline,

then perhaps predation of young calves by spotted hyena may have contributed to the decline. To investigate
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this question further it was decided to undertake heuristic PVA simulations of a Hluhluwe sized population.

© Despite identifying a few limitations with its underlying model, it was decided that VORTEX (Lacy ef
al 1995) was still an appropriate tool to undertake heuristic sensitivity analyses to indicate the relative
importance of a number of demographic and genetic factors on the population perfermance of a single
Hluhluwe-Umfoloz sized biack rhino population. The rest of the chapier presents the results of YVORTEX

PY A modelling (Lacy et al 1995) of a Hluhluwe type pepulation over a 25 year post 1961 die-off period.

O Parameter values used in the Kenyan PVA were taken as a starting point, and modified on the basis of
the most up to date empirical data available. Considerable empirical data was available to guide model
parameter setting, with Rhino Management Group of Southern Africa (RMG) annual status reports and
syntheses since 1990 being especiafly useful (Adcock 1995, 1996, 1998), Hitchins (1963}, Hitchins and
Anderson (1983) and Hitchins and Brooks (1986) also provided much valuable demographic informatien
on the Hluhluwe decline, including observed mortalilies in the population. Kenyan PVA parameter values
that were modified included age and sex specific mortality rates, inter-calving intervals, sex ratio at birth,

and catastrophes.

© Preliminary VORTEX runs simulated a healthy breeding population, and produced growth rates and sex
and final age distributions similar to those observed in rapidly expanding wild populations, giving some
confidence in the parameter values used. Modelling confirmed thaf unfess adult mortality was very low (9
<1% J <1.5% per annum), then long term growth rates of 5.2%-9.4% per annum were possible given
inter-calving intervals of 2-3.33 yrs and neo-natal mortality rates of 5 - 20%. This concurs with observed
growth rates in many increasing populations in southern Africa (Adcock 19388, du Toit 1995), and Owen-
Smith’s {1988a) conclusion that the maximum sustained rate ¢f population growth for rhinoceroses with
a stable age structure is about 9% per annum, Further modelling indicated that simulating the starting
sex/age distribution of a Hluhluwe population (based on data in Hitchins 1963) had Little effect on the results

compared to using a stable starting age structure, and so the fatter was nsed in aff subsequent runs.
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o A factorial modelling design was then used 1o investigate the impact of four faciors on a simulated
Mlubluwe sized population - namely juvenile/adult mortality (2 levels), neonatal mor(a]jtj' (5 levels), infer-
calving interval {4 levels) and age at first calving (2 levels) giving a total of 80 different facter combinations
(100 replicates per factor combination - total 8,000 runs). Extreme factor levels were set to simuiate those

recorded for the Hluhluwe population, with the least severe parameter values reflecting a reproductively

healthy and rapidly prowing population that is net food limited.

For all runs, the initial population was set at 233 (Hluhluwe 1961 post die-off population estimate), and the
population was modelled over a 25 year period up till 1986. In reality, the Hluhluwe popuiation declined

from an estimated 233 to 87 animals over this period. For the purposes of madelling, the maximum

population size was not limited.

A total of 72 animals were "remaved" in model runs, with ten males and eight fernales being taken off on
four occasions at five year inlervals from year S to year 20, to crudely approximate the 52 removals, loss

of 7-15 animals fo poaching, 2 to veld fires, 1 shot in self-defence, 1 to lion and a further 8 to capture

relaled mortalities over the 25 year period.

The conelusions from the runs were as fellaws,

- in addition to the removals, an underlying annual population decline of about 2% per annum was required

to simulate a decline of the magnitude that occurred in Hluhluwe (233-87 from 1961 past-die off to 1986).

- All four modelled factors significantly affected population performance, but no one Factor alone was

capable of producing a deckne of the magnitude of the observed Htuhluwe decline.

- Mean population size after 25 years averaged 361 across all runs, and varied from 38 (age at first calving

=12 years, inter-calving interval = 5.25 years, high adult mortality = ¢ 3.5% J 7.3% per annym and

70% neonatal mortality) to 2,154 (age at first calving = 7 years, inter-calving interval = 2 years, standard
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adult mortalify= ¢ 1% o 1.5% per annum and 5% neonatal mortality).,

- The average population size after twenty flive years with a healthy calving interval of 2 years was four
times greater {680 cf. 174) than for runs with a calving interval of 5.25 years {recorded for Hluhluwe),
Increasing inter-calving intervals from 2 years to 3.33 years halved final average population size (680 cf.
331) while the doubling of calving intervals from 2 o 4 years reduced average final population size by 62%

to 260.

- Population size was also sensitive to the age at first calving. On average increasing the age at first breeding
from 7 years {(healthy population) to 12 years (abserved in IHuhluwe) reduced average final population size
by 38 %. With standard levels of adult mortality, inter-calving intervals of 3,33 years and neonatal mortality
of 20% the lengthening of inter-calving intervals {7-12 years) reduced average final population size from
721 to 460. However, with short inter-calving intervals of 2 years, and low levels of mortality (standard
adult mortality and 5-20% neonatal moertality) lengthening age at first calving approximately halved final

population sizes (2,154 - 1,044 with a 5% neonatal mortality; 1,613 - 859 with a 20% neonatal mortalify).

- On average increasing adult mortalities from standard levels to the observed very high adult mortality
rates observed in the declining Hluhluwe population (2 3.5% ¢ 7.3% per annum) plus a slight increase in

Juvenile mortality reduced average population size affer 25 years by 46% from 468 to 254.

- It is appropriate to treat adult mortality and reproductive parameters (age at first calving and calving
intervals) as variables which co-vary in response to nutritional stress caused by declining carrying capacity.
Healthy reproduction (calving interval = 2 yrs, age at first calving = 7 years) , standard mortality levels
and removals produced an average final population size of 1,141 - an almast five fold increase in numbers
over the 25 year period. However, the increased adult mortality levels (2 3.5% o <7.3% per annum) and
poor reproductive performance (calving inferval = 5.25 yrs, age at first calving = 12 years) observed in
Hluhluwe, produced a modelied average final population of 102 (a 91% reduction in numbers). However,

given these parameters, final population size was very sensitive to the level of neonatal mortality with
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average modelled final population size varying from 38 (70% neonatal mortality) to 176 (5% neonatal
mortality). Given the observed calving interval of 5.25 years, and assuming that all females conceived
(which may not be the case under conditions of nutrient stress),an interpolated neonatal mortality/abartion

rate of approximately 53% was required ta simuliate the scale of the Hluhluwe decline,

- Increases in undetected neonatal mortality or abortions can contribute to overestimation of inter—calving
intervals. While there is circumstaniial evidence to suggest that spotted hyenas can kill young black rhino
calves less than four months old (Chapter 22), one can alse expect abortions and necnatal mortalities to
increase markedly in a nutritionally stressed population given the higher nutritional requirements of
pregnant and lactating cows (Bothma 1988, Nan Schaeffer pers comm). If one follows Hitchins & Anderson
(1983), and assumes that all adult females conceived and observed intr-calving intervals in excess of 40
maonths were because either the neonate did not survive long encugh to be recorded or that the female had
ahorted (i.e. setting the maximum inter—calving interval at 3.33 years), then with poor reproductive
parameters (delayed age at first breeding 12 years and 3,33 year inter-calving interval), high observed levels
of adult mortality plus simulated removals, an increased interpolated abortion/neonatal mortality rate of
approximately 68% was required to simulate the scale of the Hluhluwe decline, Interestingly, Ilitchins and
Anderson (1983) recorded that 22 out of 32 inter-calving intervals in Hluhluwe were in excess of 40 months,
leading them to conclude that the Hluhluwe abortion/neonatal mortality rate may have been in the order
of 69% (Hitchins & Anderson 1983). However the setling of 2 maximum 40 month inter-calving interval
by Hitchins and Anderson is arbitrary, and inter—calving intervals longer than this ¢ould oceur if poor

nulrition reduced conception rates.

- As indicated above, one would expect conception rates to decline and/or abortions and nechatal mortalities
in Hluhluwe to have increased in response to nufritional stress (Bothma 1988, Nan Schaeffer pers comm),
However, even if one assumes a highly improbable worst-case hyena predation scenario where ail females
conceived, and hyena predation (and not abortions or neonatal deaths due to poor nutrition and other
causes) was enlirely responsible for a 70% neonatal mertality, this very high level of neonatal moriality was

not enough on its own to prevent a reproductively healthy pepulation from increasing.
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With medelled removals and age at first calving (7) and inter-calving intervals (2 years) and adult
mortality levels set to reflect a healthy population; then despite a 70% neonatal mortality, the
simulated Hluhluwe sized population increased on average by 2.84% per annum in non-removal
years to reach an average of 368 animals after 25 years (a 58% increase in numbers over 25 years

despite removals and very high neonatal mortality).

If the population showed healthy reproduction, then even with the application of the very high
observed Hlubluwe aduli mortality rates, plus a 70% neonatal mortality the modelled population

remained stable in non-removal years (r for non-removal years = §.0079).

Therefore, one can be confident that calf predation by hyenas could not have been 4 primary cause of the

Hluhluwe decline (see also chapter 22).

- Given the declining carrying capacity and the resulting poor reproduction and high mortalify vates, the
Eailure of the Hluhluwe population to grow following the limited remaovals is to be expected. With the
benefit of hindsight and current knowledge it is clear that the South African D.b.minor metapopulation
would have been significantly bigger today had there been significanfly higher removals from Hluhluwe

in the late 19505 and 1960s.

- Demographic stochasticity and inbreeding depression were not likely to be potential causes of the Hluhluwe

decline {see chapter 22).

0 Additional YORTEX modelling indicated that rhino population performance is sensitive fo maximum
age of breeding (simulated imperfectly in YORTEX by varying the maximum ages of animals). For
example, if cows bred up to 35 years compared to 25 years, then this enabled the simulated population to
withstand an additional 20 %neonatal mortality. One limitation of VORTEX is thatmodelled reproductive
success is the same for all females irrespective of age, yet in captive animals this does not appear to be the

case (Norman Owen-Smith pers.comm). More data are still required to quantify the influence of age on
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reproduction in wild populations and the impact of stocking densities relative to estimated carrying
capacities on this (afthough in the RMG region increasing effort is currently being focussed on monitoring
the reproductive perfarmance of individual females). However, if reproductive performance does decline
in older animals, and this is further exacerbated by nutritional stress, then reduced abortion/neonatal

mortalities would be required t6 produce a decline of a Hluhluwe magnitude,

© In conclusion - while some additional neonatal calf predation by spotted hyena in Hluhluwe may have
contributed to the decline, the VORTEX modelling indicated that calf predation by hyenas could not have
been a primary cause of the Hluhluwe decline. Rather the results of the modelling are consistent with food
limitation having been the major cause of the Hluhluwe decline (through negatively affecting reproductive
parameters and increasing mortalities), with numbers being further reduced following translocations,
Modelling also in(iicated that inbreeding or demographic stochasticity could be ruled out as potentiaf causes

of the Hlulluwe decline.
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CHAPTER 22
A REVIEW OF OTHER POSSIBLE CAUSES OF THE

HLUHLUWE DECLINE
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INTRODUCTION

This chapter revicws other potential causes of the HluhIuwe decline aside from direct mortality and habitat changes
asaresult of fire, bush clearing, large grazer removals/introductions, and lack of elephants and their re-introdution
(already discussed in Chapters 9 and 15-20), It examines the likelihood that population estimation biases,
predation (lion and spotted hyena), competition with other browsers and mixed feeders (kudu, elephant, giraife,
bushbuck, impala and nyala), inbreeding, demographic stochasticity, poaching, disease, anaemia, chemical insect
control, drought, translocations and inter-specific fighting could have accounted for the decling in cstimated
numbers of black rhino in Hluhluwe from 1960 to 1987. This chapter also makes reference to the results of chapter
21 whichused VORTEX population modelling to examine the possible impact of predation, genetics, demographic

stochasticity and past removals on the Hluhluwe population performance.

POPULATION ESTIMATION BIASES

Some animals could have been double counted during the block drive counts (on foot and horseback) in 1961 and
1967 leading to overestimates of population size, although it is more likely that some animals were not seen
during these surveys. However, based on the frequency of reparted sightings, the high number of animals that
died in Hluhluwe North, the greater number of individval animals recognised in Hluhluwe in the eardly 1970s
compared to later estimates, the much higher levels of black rhino feeding recorded by Peter Hitchins around 1970
(compared to levels recorded in this study), and the very much lower population estimate for 1985 based on ID

survey dala it is clear that a real and major decline occurred in Hluhluwe.
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Furthermore the modelling in Chapter 21 indicated that the poor reproductive performanee and high mortality
observed in Hluhluwe, coupled with known removals and losses to poaching were sufficient to produce a ‘'scale

of the decline similar to that estimated from the population estimates.

Thus the scale of the decline was not grossly overestimated because of variable undercounting biases in the

population estimation methods themselves,

PREDATION

SPOTTED HYENA

Hitchins (1972) hypothesised that the past low black rhinoe recruitment rate in North Eastern EHluhluwe was most
probably due to predation by spotted hyenas on calves (Hitchins 1972). In 1988 and 1986 Hitchins again speculated
that the incidence of predation in Hiulluwe may have been "higher than generally thought®, Hitchins (1970)
believed the low calving rate he recorded for IHiuhluwe was prabably due to low calf survival. He further argued
that out of a range of possible causes (including diseases & parasites, starvation, weather, stress, natural causes,
and poaching; there was "no evidence whatsoever" 10 support any other possible cause of high infant mortality

in Hluhluwe gxcept spotied hyena predation.

The evidence presented in thus Thesis is at odds with this assertion; as it indicates that autritional stress following
the major habitat changes which occurred in [uhluwe (partly in response 1o past low fire frequencies and
immediatsty following major clearing in 1959-1960) significantly reduced carrying capacities for black rhino in
Hiubluwe (chapter 20), leading to the observed increased adult mortality rates and reduced reproduction (as

indicated by increased age at first calving and increased inter-calving intcrvals). Under conditions of nutritional
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stress one can alsc expect conception rates to drop and/or abortions and neonatal mortality to increase significantly
(Bothma 1996). Thus because high levels of neonatal mortality (or reduced conception rates) were indicated by
the observed longer inter-calving intervals in Hluhluwe, this does not necessarily imply that spatted hyenas were

responsible for all or most of this mortality.

VORTEX muodeiling in chapter 21 indicated that (assuming all adult ferales conceived) abortions/neonatal
mortality levels during the decline may have been as high as 70%, However, it also indicated that on its own (i.c.
in a healthily reproducing population with normal adult mortality levels) neonatal mortality of this magnitude
could not have caused a population decline. The modelling (chapter 21) indicated that if a population is not food
limited and breeding well, and is subjected to a range of normal catastrophes (including some removais), the
population will still prow even if neonatal calf mortality in the first year is as high as 70%. Neonatal calf

predation alone could therefore not have caused the Hluhluwe decline.

While lack of calves (reflected in observed inter-calving interval) is consistent with the poor nutrition of adults,
spotted hycnas may still have killed a proportion of neonatal calves contrbuting to the scale of the decline. The
question is how likely is it that call predation by spotted hyenas could have been an additional major contributory

factor in the Hluhluwe decline, as suggesied by Hitchins (1988) and Thomson (1988).

Eye witness accounts of attempted predation by hyaena

To my knowledge, no actual kills of black rhino by spotted hyena have been observed in the wild. Hycnas are
active at night, and in thick bush it is isnpossible to adequately observe and quantify the extent of, and success of
hyena predation of thino calves. Therefore, failure to directly observe calfkills does not mean they could not accur,
There is circumstantial evidence in the form of witnessed attacks, torn ears and missing tails indjcates that black
rhinos are probably vulnerable to predation by spotted hyenas (Goddard 1967a, Kniuk 1972, Hitchins & Anderson

1983, Sillero-Zubiri & Gotelli 1987, 1991, Kunkel 1992).

Hitchins argues that the habit of a black thino mother running ahead of her calf predisposes it to attack by spotted
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hycnas (Hitchins 1986). Observations by Kunkel (1991) support this view. However, during observed atiacks by
spotted hyacna, black rhino cows have invariably becn seen to Teturn to defend their calves upon hearing their

distress squeals (Goddard 1967b, Sillero-Zubiri & Gotelli 1991).

- Kunkel (1992) observed hyenas attacking a young calf which was lagging behind as its mother ran ahcad,
although as soon as the cow whirled round and stopped, the calf caught up and was suceessfully protected by its

mother.

- Goddard (1967) witnessed three unsuccessful attempts by spotted 'hyaena to catch black rhino calves. In all cases

they were eventually repulsed by charges from the mother, or the calf itself.

- Kruuk (1972) observed fifteen hyenas attempting to get a month old calf with a broken leg in Ngorongoro.
Although its mother protected the injured calf, Kruuk thought the hyenas would probably have killed it in the end
had it not been shot for study purposcs by another scicntist. However, on three of the five occasions Kruuk saw
hyenas bothering rhinos he concluded that the hyenas were just "mobbing” the rhino and that "hunger did notseem

to be the motivating force behind the hyena's behaviour”™.

- One yearling calf in the Salient arca of the Aberdares was attacked threc tirnes by hycnas in 1986, although it

survived (Sillero-Zubiri & Gotelli 1991).

- While not witnessing any successful predation atiempts, Hitching nevertheless observed the progressive

mutilation of four black rhino calves; two of which subsequently disappeared (Hitchins & Anderson 1983).

Hyaena densities and predation impact

While acknowledging that the impact of hyena predation on the black rhinoceres population was unknown,
Hitchins nevertheless speculatively concluded that it is considered to be fairly high in Hluhluwe, low in the

Corridor, and very low in Umfolozi" (Hitching 1986).
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In the absence of any good recent population estimates for spotted hyena, the extent of any current density
differentials between Hluhluwe and Umfolozi is unknown. However, work undertaken by Whateley (Whateley and
Brooks 1983) in the early 1980s, indicated that densities of hyena's were higher in Hluhduwe, and thus levels of

hyena predation may have been higher there.

The recorded density of spotted hyenas in the Salient area of the Aberdares of 1.34/km2 (Sillero-Zubiri & Gotelli
1991) was much higher that the 0.45/km2 and 0.36/km?2 recorded for Hluhluwe and Umfolozi respectively
(Whateley & Brooks 1985). However despite this, six of the eight black rhino cows which visited the Ark salt lick
in the Aberdares National Park, had calves (Sillero-Zubiri & Gotelli 1991). Sillero-Zubiri and Gottelli (1991)
further concluded that while hyenas may be a polential factor in infant mortality in the Aberdares, poaching has

been the main and probable sole cause for the decline of the Aberdares rhino population.

One fact mitigating against hyenas being major calf predators of black rhino is that the comuments below suggest
that hyenas were probably common in Hluhiuwe in the 19305, 19405 and 1950s when black thino numbers were

increasing in Hluhluwe (from an estimated 85 in 1933 to 279 in early 1961- Figure 1.1).

- In 1933, Potter (1934) reported that Hyenas were “plentiful®.

- The 1962-63, the Natal Parks Board Annual Report mentioned that a "healthy population of hyenas
existed” in Hluhluwe, whilst also mentioning that a good number of black rhino calves were produced

(Anon 1963),

« Mr Roelf Attwell (pers.comm. ) indicated that dusing his stays at Hluhluwe between 1938-42 he did not
find any cvidence of hyena predation on black rhino; yet he mentions hycnas were plentiful then. He
indicated he would be very circumspect aboul introducing any large predator control programme with a

view to improving population densitics of black rhino and speculated that some of the ear disfiguration

may be tick related,
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- Hyena’s were recorded as calling at night in Hluhluwe in 1954 by Steele (1992) , although he gave no

indication as to whether this was a regular occurrence.

Hyena and lion oceur in other areas with black rhino, and this has not stopped populations from breeding up fast
(cg Umfolozi and Kruger). Spotied hyenas also ocour in many areas of Africa which, prior to poaching, had large
mumbers of btack rhino as well as predators (eg, Zambezi valley). It also seems improbable that the thicker bush
in Hiuhluwe could have had such an influence on hyena hunting success that it resulted in significantly increased

predation in this area compared to other areas.

Scars from hyena predation attempis

In both the Aberdares and Hluhluwe-Umfolozi, a proportion of black rhino have scars or are missing ears and tails
(Hitchins & Anderson 1983, Hitchins 1986, Silkro-Zubini & Gotelli 1987, 1991). About 3.7% of aduit animals
in Hluhluwe have mutilated ear pinnae, and about 4% have mutilated tails (Hitchins 1990). Of the 38 animals seen
in Hluhluwe and the Corridor areas of Hluhluwe-Umfolozi Park with missing ears or a damaged 1ails, 7 were
from the Cormidor and 31 came from Hluhluwe (Hitchins 1986}. However, on average over the period, the dersity
of rhinos in the Corridor was probably enly about a quarter of those in Hiuhluwe (Figure 1.5). Thus, the proportion
of animals showing signs of hyena attack is similar in the two areas, The Corridor black rhino population did not
fall as markedly as Hiuhluwe's population, and this suggests that spotted hyena predation is unlikely to be a major
causal factor of the decline.

Even if the number of calves taken by hyenas is three times greater than the number of mutilated survivors this
still ondy roughly translates to an extra 20% neonatal mortality, In other African areas, predation has never been
suspected of accounting for much more than 10% of neonatal deaths, and in otherwise healthy population, one can

expect first year black and white rhino calf mortality to be not more thar 10% (Owen-Smith 1988a, Adcock 1994).
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RMG mortality data

Available evidence of probable rates of calf predation show levels far below those required if predation was to be
a major contributory factor in the decline. Analysis of Rhino Management Group of Southern Africa (RMG) data
for South Africa an& Namibia aver the period April 1989 to December 1996 (Adcock 1998) indicated that only
3 out of 282 reported deaths {or 1.1%) were ascribed to spotted hyena. While recorded mortalities are likely to
undercstimate hyena predation (because small calf carcasses can be completely scavenged, leaving little evidence
to find); if hyena predation was potentially the major factor impacting on black rhino (as hypothesised by
Hitchins), one would have expected that morc than 3 recorded mortalities in South Africa gnd Namibia (RMG

reporting region) to have been ascribed to hyenas over an 81 menth period.

By way of contrast 18.8% (53) of the recorded deaths in the RMG rcgion over the period were cansed by fighting,
A further 17.4% (49) were caused by poaching, and another 3.6% (10) were related to snare wounds (Adcock
1998). Significantly more animals were also reported as having died as a result of acctdents, falls, drowning or

being stuck in mud (6.5% or 18),

In summary, available evidence showed that levels of hyena predation were not sufficient to kave been a
primary cause of the decline, although circumstantial evidence indicates that hyenas might have killed seme

calves.

LION

Lions cannot be invoked as a canse of the Hluhluwe decline as they only became resident north of the Hluhluwe

and Nzimane rivers from 1978 (Whateley & Brooks 1985).
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GENETICS

It has been hypothesised that in Hluhluwe, genetic problems may have started to surface causing inbreeding
depression and reduced population performance. Some authors have ascribed the occasional case of earlessness
in black rhinos to genetic canses (Hall-Martin 1986, Goddard 1969). However Hitchins (1986) examined 36
Hiuhluwe-Umfolozi animals with missing ears andfor damaged tails; and only one showed what appeared to be
a congenital deformity. Hitchins concluded that when one considers this single case in relation of the whole
Hluhluwe populalion over a thirty year period (1955-85) the incidence of a genetic character being responsible
for eariessness is rare. Hitchins (1986) further postulated that the vast majority of cases of earlessness in black
thino were due to spotted hycnas and not due to genetic defects. He is probably right, as congenital earlessness

has not surfaced to date in any offspring of HUP rhino transjocated elsewhere.

A rough rule of thumb in conservation genetics refating to vertebrate species, is that in short term maintenance
of a safe level of genctic varability, the maximum rate of inbreeding should be no more than 1% per generation,
and this corresponds to an effective population size of 50% du Toit 1987b)". This translates to the need for any
breeding group to be 150 to 200 individuals. At its peak population levels in 1961 the Hluhluwe section of the
HUP population was 279, which is above this minimum figure, as is the more recent 1996 Hiuhluwe-Umfolozi

black rhino population estimate of 416 (Howison ef al 1997).

While there may have been only between 100 and 135 black rhino in Hluhluwe in 1930, these animals rapidiy
bred up to reach peak densities thirty years later. Indeed, Gilpin advised a 1987 workshop on population genetics
for conservation management that loss of heterozygosity following a bottleneck is likely to be minimised when

popuiations grow at their intrinsic mate of increase. This would apply to the Hluhluwe black rhino.

This argument was strongly supported by the results of a black rhino metapopulation workshop keld in Kenya in
1992 { Foose er al. 1993". Although at that time there was po data available on the effects of inbreeding on

rhinos, the workshop used 3.12 recessive lethals in the VORTEX population modelling. This figure has been
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reported for zebra, which was the closest relative to the rhino among the species for which data had been
published. This value also represented a fevel near the median (3. 14 recessive lethals) for the 40 mammals species
examined (Foose ef al. 1993). In addition, the workshop considered a worst case scenario, and used a value of
lethal cquivalents twice as big (6.24). Despite using z long inter-calving interval of 4 years, the workshop
concluded that if the inbreeding has no further impact on adult survival or reproduction , and if poaching, disease
and drought catastrophes never occur, then even very small populations may be viable. Even with the modefled
Iong inter-calving intervals used in the Kenyan PVA, populations of 30 or more always survived through the 200

year simulations, and populations as small as 10 had a median time to extinction of 161 years (Foose er al 1993).

Therefore it appears that any potential loss of heterozygosity in the Hluhluwe population would have been

minimal, and it is therefore extremely improbable that genetic factors were responsible for the Hiuhiuwe decline.

Swart (1994) quantified levels of genefic vanation in four black rhino populations (Etosha National Park,
Hluhluwe-Umfolozi Park, Mkuzi Game Reserve, and animals being removed from the Zambezi valley in
Zimbabwe) concluding that "the high levels of genetic variation present in the four black rhino populetions
suggest that they do not experience genetic depletion and that inbreeding does not pose an immediate threat to

the survival of the species”,

Even if it were demonstrated that loss of significant heterozygosity had been the result of inbreeding, this would
not necessarily translate directly into a need for genetic management, as different species wiil show varied
responses to similar levels of inbreeding (Ferrar 1987, Van Hensbergen pers.comm. 1987), Meffe and Carroll
(1994) caution that strict quantitative rules should generally be avoided , or at least be applied with a great deal
of caution. In addition, while heterozygosity is desirable, one should not strive to maintain heterozygosity at all

costs, as a degree of homozygosity is acceptable (Ferrar 1987).
While inbreeding has been documented as a real problem in a number of domestic animals, there have bean
numerous successful population recoveries from a few founders, suggesting that the problem may be less serious

in nature. The critical factor is that the total metapopulation should breed up as fast as possibie (Gilpin pers.
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comm.) and indecd this is precisely what the southern white rhino population has done in only a few generations,
From only 20 or so southern white rhino left in Umfolozi in 1895, numbers have built up to over 9,200
worldwide 102 years later (TUCN SSC African Rhinos Specialist Group data). Considering that a few hundred
white rhino have also been hunted since 1968, it does not appear that any loss of heterozygosity or inbreeding
depression following a bottleneck has negatively impacted this thinoceros species. Similarly, the Addo black rhino
populaticn has bred up from only four founders with apparently no itf effect, and has excellent recruitment rates.
The Mkuzi black rhino population also went through a severe bottleneck, being reduced to perhaps only about
15 animals thirty years ago. Despite this, Mkuzi's recruitment has since remained high and Swart’s (1994) genetic
analysis showed the popunlation still had bigh levels of heterozygosity. In addition those animals that have been
translocated from Hluhluwe-Umfolozi and Mkuzi have invariably bred well in their new homes. If inbreeding

had been the problem, this wonld not have occurred,

Genetic management is an insurance policy against future catastrophes, and therefore falls into the group of
theoretical potential problems which are not of the highest priority in the short term, given the current very real
problems of low ot negative recruitment rates through poaching, overstocking and demographic stochasticity (in

small populations).

A further strong argument against inbreeding being responsible for the decline is that the animals in the Umfolozi
section of the Park have increased rapidly since the 1960s, as have many animals translocated from Hiuhluwe-

Umfolozi to set up new populations.

One can conclude that the overwhelming body of theory and practicat evidence does not indicate that the
Hluhluwe decline conld i any way he linked to genetic problems as a result of inbreeding; and we can safely

eliminate this hypothesis.
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POSSIRLE COMPETETORS

At a 1988 NPB meeting, it was felt that Hlukluwe black rhinos may have suffered from increased competition
for food with other browsers, and especially from nyala which increased in numbers tenfold between 1950 and

1972 (Anon 1988).

NYALA

Nyala and black rhuno performance may be primarily related to habitat changes, and thus one must be careful not
to infer cause and effect sinply because the increase in nyala numbers it Hluhluwe was negatively correlated with

the decline in black rhino numbers.

Circumstantial evidence suggests that habitat changes may be responsible for the increase in nyala numbers, From
driving and walking in Hluhluwe it appeared that nyala particularly favoured areas of inlermediate developing
closed Acacia nilorica woodland progressing to a dry lowland forest dominated by Kuclea racemosa, Berchemia
zevheri and Rhus pentheri (eg. along the road going past Zincakeni dam). With the increased shade, lawns of
Dactyloctenium australe commonly occurred in these arcas, benefiting nyala wha eat both leaves and culms of
this spectes in Hlukluwe (Vincent, Hitchins, Bigalke and Bass 1968).The findings of this project (chapters 6,7,

9 and 20) clearly show that such habitat is sub-optimal for biack rhino.

Further support for the preference of nyala for closed woodland/closed woodland edges comes from Brian
O'Regan’s observation (personal communication 1993) that {(during his study of browsers in Umfolozi in the gacly
1980s) sightings of nyala were invariably in the ecolonal zone al the fringe of patches of closed woodland. He
further noticed that they ale many small herbs low down in the grass layer. Given their narrow muzzles and
smaller size, nyalu are therefore able to be more selective for small plants than a black rhinoceros ever could be

further reducing potential competition.
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Potential compstition between nyala and black rhino is immediately reduced by the fact that nyala are mixed
feeders. In contrast Lo black rhino who have beca recorded Lo eat limited amounts of tall grass during periods of
nutsitional stress, nyala browse most grass when it is fresh and sprouting after the rains (Skinner & Smithers
1990}. The recorded proportion of nyala stomach contents made up of grass varied from 30% grass Hluhluwe
nyala stomach contents (Vincent, Hitchins, Bigalke and Bass 1968) and a trace to up to 65% Mozambique

(Tello & van Gelder 1975).

Of the species recorded in nyala rumens in Ndumu Game Reserve by Anderson & Pooley (1977), Acacia
grandicornuta was the Acacia species that contributed most leaves to the nyala diet. It was the only species of
"Acacia" whose leaves were given an intermediate importance rating. This species was one of the “Acgcias“that
was both unimportant and rejected in the black rhino's diet in Hiuhluwe-Umfolozi (this study). While the anthors
concluded that the estimated contribution of microphyllus species such as " Acacias"to the nyala diet was probably
under-represented. However, if "Acacia"leaves were anything like as important as they are to a black rhino one
might have expected that at least some of the "Acacia” species to be rated as being intermediately or heavily
browsed, although in Mozambique several species of " Acacia” were listed as important foods (Tello & van Gelder

1975).

Interestingly, Anderson and Pocley (1977) listed the leaves of three Euclea species (E.divinorum, E. natalensis
and E.racemosa) as being browsed by nyala from mid winter to spring in Ndumu with E.divisorum being rated
as intermediate in importance. While black rhino browsing of Euclea species (and especially E.divinorum) in
Hluhluwe also increased immediately after the burps and in the early growing season, these species were usuglly
highly rejected. Euclea's are common in both Hluhliwe and Umfolozi, and so even during crunch periods (late

dry season/early growing season) it appears unlikely that black rhino and nyala will compete for this resource.

Nyala are similar to black rhino in that they only browse certain species during winter (Anderson & Pooley 1977,
Tello & van Gelder 1975). For example, during winter, nyala in Ndumu browsed the leaves of Kraussia
floribunda (Anderson & Pooley 1977). While this species has increased in abundance as woody succession has

progressed in Hiuhluwe to become common, it is highly rejected by black chino.
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Leaves of Spirostachys africana were rated as heavily browsed by nyala in Ndumu and as important in
Mozambique (Anderson & Pooley 1977; Tello & van Gelder 1975). While this species was the most important
woody item in the Hluhluwe-Umfolozi black rhine diet for most of the year, feeding height stratification may be
occurring. The most preferred size class of 8. afficana for black rhino recorded in the Pilot study (Chapter 6) was
between 1.75 and 2.5 metres tall. The most important 8. gfricana spize in both the Hluhluwe and Umfolozi Gnd
surveys was sizo class 3 or trees between 2 and 4 metres. Black rhino regulary break down branches of the taffer
individuals which nyala do not. While S.africana size 2's from 1-2 metres tall were also important and generally
more pfeferred that the taller size 3 trees, the Pilot study results indicated that is was the taller individuals within
this class that were the most important. Thus although there was some overlap with nyala, the ability of rhino o
feed higher acted to reduce possible competition. The similar proportion of S.afiicana in the Hluhluwe and
Umfolozi woody plunt dicts, and the higher preference rating where the species was less abundant {Figure 7.1)
did not suggest that §. afticana dietary intake was being limited by competition from nyalz, but rather that there
may be a limit to the amountt of 8. af¥icana that can be eaten by black rhino (possibly due to a limit of the amount

of toxic secondary plant chemicals that can be ingested).

Anolher key member of the family Euphorbiaceae in the Hluhluwe biack rhine diet is Aealypha glabrata.
Hitchins (1968a) lists nyala in Hluhluwe as also browsing this spectes. By breaking and pulling branches of this

species down bowever black rhino can access some of this food which is unavailable to nyala.

Nyala in the caplure bomas (pens) are known to love browsing cut Zizyphus mucronara (Pete Openshaw
pers.comm.) and with their fine muzzle are able to deal with the formidable pﬁysical defence of this species.
Indeed Anderson and Pooley's (1977) study in Ndumu confirmed that for most of the year this species was heavily
browsed by nyala. This species was also important in Mozambique (Tello & van Gelder 1975). By way of
contrast, Z.mucronata was either slightly rejected or intermediate in acceptance by black rhino tn Hiuhluwe and

Umfolozi. It was also not as favoured as other species by Tombj the boma‘ed black rhino (chapter 13).

Other species that were recorded as eaten by nyala (Vincent, Hitchins, Bigalke and Bass 1968, Hitchins 1968,

Anderson & Pooley 1977, Teilo & van Gelder 1975) but were rejected by black rhino in Hluhluwe-Umfolozi
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included Carissa bispinosa, Pyrostria hystrix, Combretum species, Ochna naalitia, Rhoicissus tridentata,
Gardenia cornuta, Gardenia volkensii, Ozoroa species, Lippia javanica, Rhus dentata, Rhus guenzit, Rhus

pentheri, Sideroxylon inerme and Chaetachme aristara.

Wle Maytenus heterophylla was heavily browsed by nyala in Ndumu. Once again this species was highly
rejected by black rhino in both Hiuhluwe and Umfolozi. The only preferred Maytenus species in Hluhluwe-
Unmifolozi favoured by black rhino was M. nemoresa; with trees between 2 and 4 metres being most preferred,
and so even if nyala favour this species, there is likely to be ecological separation on the grounds of height.
Hitchins (1968) recorded nyala as feeding on M.senegalensis. This abundant species is highly rejected by black

thing in Hluhlowe-Umfelozi.

Grewins were either slightly or intermediafe in importance to the Ndumu nyala diet (Anderson & Pooley 1977).
While these species are regularly eaten by black rhino and can be an important dictary item (eg Save Valley
Conservancy in the arid Zimbabwe lowveld), in Zululand Grewigs do not make up more than about 5% of the
diet, and were generally slightly rejected or intermediate in acceptance valie, appearing to act more as a stop gap

filler in the dry season.

Anderson & Pooley found that Ehretia's were importantnyala foods in Ndumu, and therefore they could compete

with black rhino for this species.

One potential area for competition is in the browsing of forbs. Both nyala and black rhino browse Solanum
panduraeforme, Sida rhombifolia, Hibiscus species and Senecio species (Hitching 1968, Anderson & Pooley
1977, chapters 6, 7 and 11). However, only Sida appears lo be a preferred species for black rhino. The
development of closed canopy A. nilotica woodland going to lowland forest has been detrimental for black rhino

in terms of the bulk of their woody diet, yet these same changes favour the growth of many forb species.

Thus while there appears soine overlap in the diet between nyala and black rhino, species preferences vary

in a number of cases. Nyala also seem to favour different habitats to black rhino, and ecological separation
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is increased by the partial vertica! separation of feeding between the species. The nyala's habit of browsihg
fallen leaves during winter (Tello & van Gelder 1975} and grazing more during summer further acts to

reduce potential dietary overlap.

One factor which suggests that competition from nyala is not a major factor influencing black rhino performance
is that Hluhluwe black rhino pecformance did not improve following very heavy culling of nyala from 1979 to

83. In the two years 1979-80 alone, 2,952 nyala were removed from Hluhluwe (Brooks & MacDonald 1982).

The increase in numbers of nyala in parts of Umfolozi also has accurred at a time of rapid black rhino population
growth. If competition between nyala and black thino was significant one would not have expected this to occur,
It therefore seems most likely that increases of nyala have occurred primarily in response to woody plant
succession, and that this specics favours later successional stages than black thino. Brian O'Regan {pers.comm.)

shares this view,

Although requining future res¢arch, one possible way high nyala (and impala) densities mught negatively impact
on black rhino is if heavy shoot browsing makes smaller "Acacias” more susceptible to being killed by frequent
fires possibly reducing densities of favoured small "Acacias® establishing in open areas to the detriment of black
thino®. Howcver, numbers of nyala and impala must have been high in the late 1950s {given estimated numbers
in 1964 - Brooks and Macdonald}, and this was cleardy not enough to prevent the subsequent widespread
development of Acacia thicket, woodland and lowland forest over extensive areas of north-east Hluhluwe, The
removal of 22 481 impala and nyala from Hluhluwe from 1957 to 1981 did not prevent black rhino densities

declining substantially duning this period (Table 1.1).

IMPALA

Like nyala, impala might negatively impact on black rhino is if heavy shoot browsing makes smaller establishing

"Acacias” more susceptible to being killed by frequent fires possibly reducing densities of favoured small
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= dcacias® establishing in open areas to the detriment of black rhino®. However as indicated above in the section

on nyala this hypothesis requires more research.

KUDU

While they seemed to prefer key rhino food "Acacias*like A.tortilis, A.nilotica and A.karroo in Umfolozi kudus
preferred to feed standing up and usually browse above 2 metres, whilst avoiding the small trees most favoured
by the black rhino (Brian O'Regan pers.comm). This conflicts with DuToit's (1990) finding in Kruger that kudu
only allocated 33 % of their feeding time to (he height range 1.2 to 1.7 metres, and spent more than half of the

time feeding below this level.

In Umfelozi kudus like nyala also highly preferred Zizyphus mucronata (B.P.O'Regan pers. comm) - a species

that ranged from being slightly rejected to intermediate in acceptance for black rhino (chapters 6 and 7).

It appears that kudu and black thino performance is correlated. Both species have increased dramatically since
1960 in Umfolozi, but until recently have shown marked declines in Hlubluwe. For example, by 1991 the
Hiuhluwe kudu popuiation was only 36 % of 1972 levels. In the mid to late 1990s however numbers of both black
thino and kudu have increased in Hiuhluwe. This apparent positive correlation between numbers of these two
species in. Umfolezi and Hluhluwe would not have occurred if competition from kudu was a major factor
influencing biack rhino performance. Kudu can therefore probably be excluded as being a probable factor in the
decline of black rhino in Hluhluwe. Experience in a number of southem African reserves .i.ndicates that Tf anything

kudu performance and deusities indicate how suitable an area is for biack rhino.

GIRAFFE

Whilst some Kenyan's perceive giraffe athigh densities to be potential competition for black rhinos, up until 1989

giraffe n Hinbluwe never occurred at high densities, and one ¢an safely conclude that giraffe were not respousible
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for the Hluhluwe black rhino decline®,

ELEPHANT

Elephant were only re-introduced to Hluhluwe in 1981, and so elephant competition with black rhino cannot be

invoked as a cause of the HEuhluwe black rhino decline,

However, chapter 19 indicated that lack of elephants in the past could have been a contributory factor implicated

in the habitat changes that led to the decline®

POACHING

Oune theory advanced is that poaching was greater than previously thought, especially around the Corridor road
{(Hitchins & Brooks 1986, Anon 1988). Peter Hitchins believes that at least 15 animals were poached by staff as
known individual rhinos were missing in the areas surrounding the game guard camps implicated in the poac hing

(Hitchins & Brooks 1986, Anon 1988).

Undoubtedly some rhino were poached, but the key question is could undetected poaching have been so high as
to have heen a major contributor to the Hluhlywe decline? Circumstantial evidence suggests it was not. For
example, if poaching had been the major cause of the decline then one would not have expected the Hluhluwe

female black rhinos to be older than in Umfolozt when they first calved or to have longer inter-calving intervals.

Expericace indicates that white rhinos are easier to hunt partly because they live in more open habitat than black

rhinos, with the result than poachers invariably kill more white rhinos than black i parks such as Hiuhluwe-
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Umfolozi where both chino species occur. Furthermore, white rhinos are also much more numerous in Hluhluwe-
Umfolozi Park. Given that currently about 66 % of detected rhino carcasses in the RMG region are found within
one week, and 85% within a month (Adcock 1998) if poaching of black rhino had been significantly higher than
previously thought, a very much larger number of the commoner and more easily hunted white rhino would have

been poached, and it is unlikely that this would have gone completely undetected.

DISEASE, POISONING OR ANAEMIA

It has been hypothesiscd that a discase outbreak, prussic acid poisoning or haemolytic anaemia may have reduced

numbers of black rhino.

Browsers such as kndu and giraffe have been known to die of prussic acid poisoning after eating certain wilted
browse specics such as A. caffra and A nilotica (B.Brockett and B.Keffen pers.comm. 1993), In addition deaths
from prussic acid poisoning occur evenly across all age and sex classes, and this is what occurred during the 1961
Hluhluwe "die-off". The Hluhluwe rainfall figures were therefore examined for the months prior to and including
the die off period to determine the likely chance of a major wilting event ogcurring and leading to a build up of
prussic acid in the foliage. It harned out that there was unlikely to have been a major wilting of browse during this

period. This means that the likelihood of prussic acid poisoning being implicated in the die off seems remote.

While black rhino have recently been recorded as having died from anthrax in Namibia, this disease has not been

recorded in Hhrhluwe,

Research undertaken on the blood of Zambezi black rhine in 1986 indicates that black rhino have wmsual
haemoglobin, making them inhcrently prone to haemolytic anaemia triggered by a variety of stress factors {du Toit

1987a). This problem has been particularly severe in captive black rhino. One survey in 1986 showed that 40%
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of deaths of black rhiﬁo in caplivity were associated with haemolytic anacmia (Chaplin e£.a/. 1986). Du Toit (1987)
speculated on the adaptive advantage the unstable haemoglobin could confer on black rhino, and conciuded that
it is most likely an adaptation to blood parasites. Du Toit (1987) cited cases of deaths of captured black rhino in
Kenya to support his argument that black rhinos generaily maintain a delicate balance with their blood parasites,
Kenyananimalsdied from trypanosomiasis and piroplasniosis apparently because physiological stresses of capture,
and possible inadequate nutrition in the holding pens reduced the animals® resistance to blood parasites (Clausen

1987 ; McCulloch and Archard 1969).

Du Toit (1987) further suggesis that a number of black rhino die offs in the wild that have not been satisfactorily
explained may well have been due to reduced resistance to parasitacmia as a consequence of nutritional stress,

and/or 1o forms of excessive oxidant stress on red cells, promoting haemolytic anaemia.

Chapter 17 reviewed the literature detailing the relationship between an animats aizuilty to process secondary plant
chemicals and dictary quality, and concluded that under conditions of declining cartying capacity (such as just
prior to the 1961 die-off when very extensive areas of rhine food species were bushcleared and grass growth
increased) it is theoretically possible for animals 1o run into an energy crisis which could have resulied in animals
dving quickly as a result of acute hacmolysis. However even if acutc haemolysis was the proximal cause of death
of many of Hluhluwe's black rhino over the years and especially during the 1961 die-off (chapter 17); the probable
ultimate causal factor would have still been nutritional stress brought on by declining carrying capacities. Que

therefore ¢annot invoke haemolylic anaemia per se as a major causal factor of the Hivhluwe deeline,

The chemical 245-T was applied to some arcas in the early days of bush-clearing in the late 19505 and early 1960s.
Depending on the origin of the 245-T used it may have had Dioxin in it at the time of spraying (Sheail 1985). If
this was so, this could have negatively affected reproduction of browsers. However the decling in rhine numbers

continued long after the spraying of 245-T so it probably was not a key factor in the decline.
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CHEMICAL INSECT CONTROL

It. is highly improbable that the use of chemicals to control Tsetse flies and Harvester termites in the 19405 and
early 1950s contributed to the black rhino decline, as the decline started ten to twenty years later. If anything,
the use of chemicals to control insects in the 1940s and early 1950s might have benefited black rhino if this
reduced bruchid beetle densities and this contributed to 2 major pulse in germination of favoured "Acacia” species

such as A nilotica ™.

DEMOCGRAPHIC STOCHASTICITY

While demographic stochasticity is most likely te bave had serious effects in small populations of less than 20,
Du Toit (1987) has argued that demographic stochasticity may operate in conjunction with environrr.lemal
catastrophes to cause the demise of & population of even a 100 or more. Du Toit (1987) speculated that these
compounding problems may have had a lot to do with the Hluhluwe black rhino decline. The VORTEX
population modeiling used at the 1991 Kenyan PVA modeliing workshop (Foose er a! 1993) also cleariy
demonstrated the potentizl influence of demographic stechasticity in pushing many smaller populations te
extinction. However the Kenyan PVA modelling, and the modelling undertaken in chapter 21 indicated that the

Hluhluwe population was too large for demographic stochasticity to have been a major cause of the decline.
While demographic stochasticity cannot be invoked as a cause of the major decline in black rhino numbers.

However, once numbers had declined to low levels, demographic stochasticity may have impacted on

productivily of Hiubluwe north as the area has a preponderance of aduit males (Adcock 1998).
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DROUGHTS

Figure 16.1 shows that in the late 1960s and early 1980s Hlubluwe-Umfolozi experienced extended periods with
generally markedly below average rainfall. Could these droughts have been a contributory factor in the Hluhluwe

decline ? On closer examination this does not appear to have been the case.

- The effect of droughts on black rhino is likely to be a function of stocking levels in relation to carrying capacity,
and this is demonstrated by the fact that black rhinos can breed well in dry conditions if not overstocked. For
example black rhinos survive at low densities in the desert in Kunene region of Namibia, and in what was termed
a “record drought”, cows with calves in poor condition that were translocated to set up the large Save Valley
Conservancy population in the lowveld of Zimbsbwe (more arid than Hluhlvwe-Umfolozi) survived and

successfully reared their calves (Raoul du Toit and Clive Stockil pers.comm.).

- Periods of below average rainfall (droughts) are alse common eveuts in semi-arid areas where most black rhino
currently survive, and much of the period of black chino population increase in Hluhluwe coincided with extensive
bush encroachment - the initiation of which appears to have been associated with a below averuge mamfall period

coupled with heavy grazing (chapter 20, King 1987).

- Figure 16.4 shows that for the period from 1965-71, rainfall was well below average with the period 1968-70
being especially dry. However Chapter 16 also indicated that despite the fact that the period had seven
consecutive years with below average rainfall, fire frequencies increased between 1965 and 1971, and theaverage
firc retum period in the Grid study arca dropped to 2.8 years, and that, after allowing for translocations, numbers

of black rhine remained relatively stable in Hiuhluwe over this dry period.

- Hluhluwe is a moist savanna area with an annual rainfill of 850mm in the porth and 1,000 mm on its highest
hills. Its droughts are therefore likely to be shorter and less severe than in more arid areas. Indeed during the

bad drought in 1980, although lower than average, recorded calving intervals were higher in Hluhluwe than in
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the drier Umfolozi section of the park (Hitchins 1988) which has a lower average rainfall (650-700mm) and where

aumbers of black rhino were increasing rapidly.

Thus in conclusion the evidence indicates that droughts were not responsible for the Hiuhfuwe decline.

TRANSLOCATION

Chapter 21 indicated that with healthy reproduction and normal mortality levels, a Hluhluwe type population could
be expected to grow rapidly even in years with translocations. Thus, transiocations on their gwn could not have

contributed to the decline™

FIGHTING

A comparison between the mortality data for Hlshluwe (Hitchins & Anderson 1989) and other areas indicates that
adult mortality levels were elevated above normal levels, and this was especially the case for males killed
fighting. However, modelling in Chapter 21 indicated that the observed increased adult mortality (due in part

to increased fighting) on its own could not account for the Hluhluwe decline.

Increased fighting is also a proximal factor, as the ultimate factor that will have caused increased fighting is the
declining carrying capacity of the area (chapter 20) forcing male black rhing to seek to increase the size of their

kome ranges/territories leading to increased conflict with neighbouring bulls, The declining carrying capacity was
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evidenced by the major increases in approximate average home range sizes of black rhino in Hiuhluwe (chapter
20) from as little as 3 to 5 km® in 1962-63 (Hitchins 1969) increasing to around 7,5km?® by 1971 (Hitchins 1971)

to current estimates of around 15 km® (Owen-Howison and Keryn Adcock pers.comm, RMG data).
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CHAPTER 22 MOTES

#1- Black rhines can be kifled by lions even when adult (Ritchie 1963), although proven cases are rare (Goddard 1967). Their possible future inpact

on biack rhino in the Park can be speculated on from the following evidence of lion predation atiempts.

- I appears that a 2 year old black rhino was killed by lions in Umfolozi in 1987 (Elfiot [987). Ellict also noted well defined tooth and claw marks

on the dead Upnfblozi shing.
- In the Masaj-Mara lions prey on younger biack rhino (Holly Dublin pers.comm).

- In Ngoronggroe, Grzimek (1964) once found a dexd rhino which had apparently been killed by lion, as it neck showead severe injuries from lions

claws, and was apparently broken. In this case the lions did not eat any of the rhino.

- In 1995, the same young male lion killed two sub-adult black rthing al Etosha National Park, on separate occasions (Peter Edb, pers. comm., BMG

&.

- Between 1950-58 Roclf Aftwell (pers comm. ) in Luangwa, Zambia, recorded two instances of lion predation on black thine. He noted that this was

exceptional, and that at the time black rhino were plentiful.
- Goddard (1967) watched a lion being killed by a black rhino cow as i tried to kill its calf.
- In Ngorongoro, Kunkel (1 992) witnesscd a number of encounters between black rhinos and lions. However during most of the "showdowns" that

rested, the lions backed off; although thiswes nol always the case. Inone case & young bull looked to be ksing a battle watha pride of lions atlacking

him. Hoswever, the rhino manaped to hit one of the lions and dislodge the other lions that were halding onto him. The rhine then charped through the

_lions, who scattered and let him through.

- The National Geographic film "Rhino Wars" shows one young black rhino calfbeing rescued in Kenya after beinp severely mauled by lions.

- The reintroduced lions of Phinda Resource Reserve and Pilanesberg National Park have been closely manitored since release by Gus Van Divk and

Luke Hunter. No shino were killed by lons in the first 22 years of Hunter's study (Van Dyk pers.comm. ).

- In Pilancsberg, a lion was seen attacking an adult white rhino, which easily escaped when the Lion did not persevere. An adult female rhino was szen

to have been scratched down her side by what could only have been Bion claws. She survived, and her calf {c.2 years old) was untouched.
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Van Dyk (pors.comm.) has noted that lions donl relish reavenging dead white rhino. In Pilanesberg they just ate a hump and spent a maximum of
twe days in the vicinity of a dead white rhino. Even after the carcass was split open, nat much was eaten. By way of contrast, the same lions spent
two weeks scavenging on an elcphant carcass (Van Dyk pas comimy). Van Dyk also found one 4-6 month old white rhine calf carcass in Pilanesberg
that the lions had fied on. He noticed there was one hole in the calf's neck that 2 303 bullet could fit into. While this suggests that lions may have killed
the call Gus noted that the hole could also have resulted if a lion had simply come soross the carcass and tried to move i In another case, a whits
rhina cow was killed by 2 rhinocidal elophant in Pilanesberg, and its yearling calf was seen to keep two big adult male fions a1 bay for two days until

it was caught by Parks Board staff.

- Grzimek (1964 ) noted that lions apparently pfay with rhino. He noted that while Lions do not often kill black rhino they “often seem to make butts
of them by swatting them on the backside” and retreating quickly out of reach of the irate rhino (Grzimek 1964). He noted than in one case, the lions
lost interest once one black thine stopped Laking notice of further paw slaps on its hindguarters. Luke Hunter has ebserved similar behaviour at Phinda
where a fully grown male lion was seen o swat a fully grown while rhino on the hackside (Gus Van Dyk pers.comm.). Mervym Cowie has also
reperted lion cubs in Kenya having fun by repeatedly knocking a black thine on the leg and running away - They only retuned to their mother once
the rhine got worked up, squealed tike a pig and ran off (Grzimek 1964). In Pilanesherg, Gerhard de Lange reportedly watched a lion running

alongside a rhino without making any attempt to touch it, giving the impression this was sport rather than hunting.(Gus Van Dyk pers comin.).

On the whole it appears predation of thino by lion is limited; and rhino is not a preferred food. To lions rhinos almost scem to rate higher as toys rather

than food!.

¥ ounger rhinos appear the most at risk.

Adcock believes that predation of rhinos by liens is likely to be limited 1o only the occasional rhino at averape lion densities, {(Adeack 1993) and

shotld not be a major factar in rhine population dynamics. (Emslic & Adcoek 1994).

Even if lions kill the odd rhino, they are major tourist drawzards, and thecefore have a major e¢enomic valus through their conribution o

tourtsm revenue, which in turn can enhance the self sustainability of conservation within parks

#2: An African Rhino workshop held in Cincinnati in 1986 concluded that the minimum leng term objective for each black rhino ecotype
in the wild is a total population whosge genetically effective population size (N)) is 500. Given estimated Ne/N ratios in the wild of the order
of between 0.25 and 0.33, this gives a recommended mirimtm long term desirable population per ecotype of between 1500 and 2000

(AAZPA 1986, Du Tait 1987h, Ledger 1087).

Walker (1990} has claimed thet "by widely aecepied scientific crileria, the (then) 612 animals of the sub-species minor do nof represent a
genetically viable population.”. However this author sirongly disagrees that this asscrtion is in fact either widely accepted in the scientific
communily, or correct. Lacy (1992) has argued thal minimum viable population sizes (MVP) aze likely to be different for different species

and atknowledges that we do not know what the MVP is for any species, Frankiin's (1980) "magic figure™ of an ¢ ffective population size
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(N,) of 500 whs based on the rather rough equations available Lo geneticists (Du Toit 19870}, and that this figure represents a long teem goal.
Therefore provided there are sufficient founders and metapopulation numbers breed up to 1500 + there should theoretically be no problem.
I the shont term, theoretically desirable mipimum population sizes are actually considerably less than this .For geneticists dealing with long-

tived animals like thino, 200 years can be considereq short lerm.

The Kenyan PVA modelling (Fooss &7 al 1993) however did indicate that inbreeding depression may mean that for smaller populations, the
oceasional introduction of new blood is desirable. The 1987 Pittermaritzburg *Genelics for Conservation Management” workshep concluded
that the genefic variability of small populations could be maintained by the introduction of onc "new™ animel per generation (Wright 1969, '
Ledger 1987, Fermar 1987, Gilpin pers.comm.). Fhe introduction of only two unrelated bears every generation has been found o greatly

reduce the Joss of genetic varation (Allendarf 1994),

#3:. VORTEX modelling at ihe workshop estimated ihe perceitage loss of initial heterozygosity for different sized populations, Genetic
variation was steadily lost in small populations. A loss of 25% representing rather severe inbresding was resched within 50 years for
populations of 10, about 100 years for populations of 20, and about 200 years with a populstion of 100 (Foose ¢r al. 1993). However, thia

modetling used conservative population prowth rates {see chapier 21), and could well have overestimated the genetic threat

Soute (1986) recommended thet conservationists strive to keep variation above 90% of its initial value, in order to minimise inbreeding
effects and to allow for continued adaptive svolution. That goal could be achieved for 200 years with a population of 100 rhinos (Foose et
al. 1993). Even with high inbreeding depression (double the lethal squivalents of zebra) it was oaly the very small populations of 10 that
tended Lo go extinet over a two hundred year period. As soon as the population was greater than 30 the probability of a population going
extinet was aimost zero (Foose e al 1993). Even with modelling high inbreeding, only 5% of initial heterozygosity had been [ost after 200

years from a papulation of 100 {Foose ot al 1993).

#4: Nyala were virtually absent from Hluhluwe in 1937, by 1964 their numbers (and also impala) had increased greatly (Deanc 1965, Bowrquin
& Hilchins 1979). Based on their ohservation thal £ racemosa was rarely eaten by browsers, Bourquin & Hitchins (1979) interpreted the positive
correlalion between increasing nysla numbers and the apparent increase of £ racemosa in forests and woodlands as a direct causal relationship,
speculating that the heavy seleclive browsing of more palatable species by nyata in particular, favoured the growth of the unpalatable £ racemosa.
However, there is adanger of inferring cause from this correlation, giventhe possible aliemative explanationthat vegetation changes, and in particular
the development of closed canopy woodland, could simply have favoured increases in population sizes of both nyala and E.racemosa (it that
increased nyala browsing was not the primary reason for the increase in E racemosa). Browsing alone cannot be the sole explanation for different
spatial distribution of species refative (o canopies in intermediate 4. nilotice woodland recorded by Wills and Whateley { 1996), although browsing

could have hastened {he mortality of light stressed “Acacia " stedlings growing under canopies.

The literature and personst observetions indicale that browsing in savanna’s can have a significant impact on woody vegetation,
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- Simulated defolintion only depressed survival and growth of Acacia senegal seedlings for the first 38 days afier which the number of

surviving plants increascd {Scif El Din & Obeid 1971}..

- A.tortilis in Lake Manyara National Park has only experienced three recruitment episodes during the last century, and these were
comrelated with population crashes of impala following outbreaks of anthrax, enabling a cohort of seedlings to escape browsing and get
away (Prins & Van der Jougd 1993). This is somewhal in conirast to the major bush encroachment in Hluhluwe from 194%-58 which

occunred during a period with high pame densities and increasing very high black rhino densities.

- Sheep are suspected of limiting the seedling recruitment of A.karroo ia the easterm Cape grasslands (Story 1951), and the switch from
sheep Lo mixad sheep/catile or catile anly has resulted in encroachment of A.karroo as calile do not affect its seedling establishiment (Du

Toil 1972). The impact of sheep in preventing regencration of Scots Pine in Scolland is also well known.

- In a fenced exclosure plot in nearby Mkuzi Garne Reserve which excluded both grazers and browsers, A.karroe has developed and
matured inside the plot but not cutside where plants present remained smalt (1. Rushwarth and W.Bond pers.comm ). Fires were allowed
10 pass Lthrough the piot. Whether the establishment of 4.karroo inside this plot is as a resul} of protection from browsing or beeause of
the taller grass and hotter fires (which may have favoured 4 karroo) is unknown, although it is thought browsing is the key factor a3 trees

estallishing outside the exclosurs arc tiot able to grow in heighl (W Rond pers comm.) .

- Trollepe (1983) showcd that browsing alone had limited effects on established plants of 4. karroo but that {ogether browsing and fire

reduced survival becanse browsing maintained coppicing trees in simall size classes whers they were moee susceptible to frequent fires.

- Pellew {1983) showed that giraffe browsing kept Acacia’s in smaller size classes which in conjunction with fire lad o 1he demnise of these

woodlands.

- Belsky {1984) aoted that heavy browsing by impala, dikdik, and grant’s pazelle can maintain tree$ <1 m and therefors prolonging the

period of susceptibility to fire.

- Dublin {1988) demonstrated that elephant browsing (of a compressed population) was a primary factor in woody seedling
mortality in the Mara. Dubiin found that frequemt fires combined with high elephant numbers were converting and maintaining
the Mar system as open grassland. She noted that high elephant density was responsible for removing mature trees at the
unsustainable rate of 8% a year. Dependence on browse by elephants in the Mara was also exacerbaled by poaching pressure
outside the reserve keeping the elephants in the Mara all year rather than letting them follow seasonal migration routes as before
(Dublin 1995). Compression of elephants in Tsave National Pack in the past also resulted in opening up of the vegetation
(Shelldrake 1573, K. Eltringham pers.comm.). By way of contrast slephant have been heavily poached in the nosthern part of
the Serengeti south of the Kenya-Tanzania border, and following reduction in fuel loads (following the heavy grazing by the large
number of wildebeest currently in the Serengeti-Mara ecosystem), fires have been reduced in boih frequency end severity ,

resulting 2 thickening up of the habitat in the 19702 and 1980z (Sinclaic 1955). By way of contrast there was little or no
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regeneration in the nearby Mara (with its high clephant densities) over the same period.

- A similer pattera to that in the Serengeti-Mara emerges in Garambz National Pack in the Demorcratic Republic of Conge. Heavy
poaching in the nosth of the Park has eliminated most of the game and significant numbers of the remaining elephants are
conceatrated in the south of the Park. With frequent fires the south remains open grassland, while the woody vepetation in the

nosth has thickened up and woodlands have developed (K. Hillmen-Smith pers.comm, pers oba.).

- Very high black rhino densitics in Solio Ranch in Kenya over a protracied period reduccd densitics of favoured Acacia

drepanalobium (Whistling thorn) compared to an adjacent fenced area where thino had been excluded {T.Oloo pers.comm.).

- Currcal research by Prof. William Bond of the University of Cape Town (pers.comm.) and co-workers in Hluhluwe, suggesis
that densities of small A-karrooe (< 1.5m) may be reduced by heavy shoot browsing by species such as black rhino, kudu and
giraffe wherees, this specics appears to be tolerant of frequent fires; in contrast to small A.nilofica’s which seem belter able to
tolerale herbivory, but appear more fire sensitive. Bond (pers.comm.) hypaothesises that the association of A.karros with taller
prass arcas ey in pad be related to the protection from black shino hrowsing that tall grass gives (this study) allowing the plants

lo get to # height vhere they are [cas palatable and less susceptible to shoot browsing.

However, during the early period of bush encroachment, whils numbers of impala and nyala were low, bushbuck were common. Alsowhile
sumber of nyala and impala must have been high in the late 1950s (given estimated numbers in 1964) this was clearly notcnough to prevent

the widespread development of A. karroo thicket over extensive arcas of north-cast Hiuhluwe.

#5: In Kruger National Park, giraffe fed almost exclusively above 1.7 metres and most commonly abave 2.75 metres. Atthese heights there
will be almost oo competition with black rhino. While in Kenya it has been shown that gimffe are capable of doing half their feeding at
heights of less than 2 metres (Leutheld & Leuthold 1972) this dees not appesr to be the case in Zululand with piraffe populations at lower
densites. If anything higher populations of giraffe in the past would probably have kept "Acacias“in lower size classes for longer making
them more susceptible to being killed by firc, as appears to have been the case in the Secengeti (Pellew 1982). This wauld have been

beneficial 1o black rhino by reducing the extent of the development of ¢losed woodlands.

#6:  As mapagers will be conzerncd zbout future elcphant impacts on black rhines in Hichluwe-Umifolozi, potential future competition
between clephant and black shino is discussed briefly here although not strictly relevant to the subject of the thesis. The ring barking and
pushing over of tall A.nilotca and A.karrea's by elephant is beneficial to black rhinos (Chapter 19). Whilst we naticed the elephants in
Hluhluwe zlso favoured the dense riverine bush, most elephant browsing we saw was. above black rhino feeding height. Therefore potential
competition for browse between clephants and rhinos a1 current densities appesrs very limited largely duc to feeding height stratification,
and the fact that elephants spead much of their time grazing. Ona nember of occasions we observed cases where elephants faeilitated black

rhino feeding by knocking over trecs which were subsequently browsed upon by black rhinos.
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Any potential ncgative effects in the shor term are more likely to be social, given the enmity the fwo specics show for each other, Alrcady
in Hivhluwe black rhino killed a young elephant soon after it was introduced; and recently game guards in Hichluwe reportedly sew

¢lephants kill 8 black rhine in = dispute over who had right of way on a game path (T.Morely pers comm.).

#7: The seeds of all "Acacias™are eaten by a variety of insects, and the bruchid bectles are predominant smong these predators (Coc & Coe
1987). Some " Acacias"that are primanly animal dispersed (2g A.nilotica) have evolved thick coats us & means to avoid damage when heing
calen by large herbivorcs. Tt appears that passage through the put of a large hevbivare can kill beetle eggs on the outside of seeds and pods.

In addition the fisk of insect atiack is reduced as sceds are transported way from parent trees,

Indccd tlie importance of insect seed predation is iusteatad by Coe & Coe's (1987) conclusion that the dispersion of "Acacia” sceds by large

herbivares 15 a5 important for reducing the sitention of beetles, as for simply removing the sceds from the vicinity of the parent plant.

If ieft out for extended periods some authars have reported very high levels of infestation of Acacia seeds hy heetles (Coe & Coe 1987).
For cxample Lamprey ez of- (1974) reported that afer one year's storage the attack rate of sceds had risento 99.6%. It is an advantage for
the secds to be quickly caten by large herbivorcs as any beetle cggs on the surfece of the seeds or pods will be destroyed. Thus mammalian

herbivores play un important role in reducing attack levels of bruchid beetles.

However despite this, the widespread use of insecticides may have tempozarily removed the majority of insect sced predators in Hluhluwe.
This is likcly to have greatly increased the numbees of viable seed praduced. With the rising number of game specics, animal dispersed seed
like A, nilotica would also have been widely dispersed. Thus the widespread application of insecticides may have contributed (o an episndic
recruitmuent of many "Acacia” species. Even those seeds thaf remained near the parent trees thal normally would have a bigh chance of being

attacked waould have had a far greater chance of surviving to germinate.

#8 If anything the translocations were beneficial to metapopulation conservation contributing 10 the setting up of better performing populations
clsewhere in South Affica, and reducing densitics in Hlubluwe. With the benefit of hindsight and what is now known abaut black rhino feeding
ecology and carrying capacity, it is vafortunatc that substanlially more animals were not removed from Hiuhluwe. Modelling indicates that if they

had been around the late 1950s, then South Africa would already have met its black rhino conservation plan goal of breeding up 2,000 D.b.minor
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CHAPTER 23
CONCLUSIONS ON THE CAUSES OF THE HLUHLUWE
DECLINE
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CAUSES OF THE HLUHLUWE DPECLINE

A die-off of 46 black rhino in north-east Hluhluwe over a four month period reduced black rhino densities in
north Hlubluwe by 26.0% (177-131) over a four month period (Table 1.1). The rate of decline then slowed over
the next decade, and then numbers again fell more rapidly from 1973 to [991 (Table 1.1). Numbers in northern
Hluhluwe botiomed out arcund 32 (S0%CPI 29-35) in 1991 (Source: Adcock er al. 1991 - revised estimate
calculated using all data 1988-92) representing an 82% decline from peak levels of 177 fust prior to the 1961 die
off (Table [.1) and a 75.5% decline from post die-ofl 1961 levels. The marked declines in black rhino densities
have been associated with major negative habitat changes which have reduced black rhiuo carrying capacity (see
below) and coincided with dramatic increases in average home ranges over the same period, from 3-5km?® in 1962-
3 (Hitchins 1969) up to arcound 7.5km’® in 1971 (Hitchins 1971) to approximately 13km® today (K. Adcock

pers.comm. based on unpublished analysis of RMG data from Owen Howison et al 1998).

Based on the evidence presented in this report (chapters 6,7, 8and 20) one must conclude that kabitat changes

have undouhtedly been the major cause of the Hiuhluwe population decline.

Figure 23.1 shows the hypothbesised relationship between black chino densities and estimated ecological carrying
capacity in Hluhluwe over the sixty years 1933-1993, based on a synthesis of the evidence in this thesis. Nate
that for the whole period from about 1955 until about 1990, the Hluhluwe black rhino population appears o have
excecded hypothesised carryilng capacity. Thus population declines were matched by continuing declines in
carTying capacily as a result of vegetation changes, and this explains why Caughley's (1986) Partial Compensation

Harvesting Model did not hold in Hluhluwe following removals.

The most probable chronological sequence of events is summarised below and in Figure 23.1
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HYPOTHESISED RELATIONSHIP BETWEEN BLACK
RHINO DENSITIES AND EEC IN N.HLUHLUWE
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1540s AND EARLY 1950s

- The initiation of widespread bush encroachment following heavy graring temporarily increased black rhino
carrying capacity in the 1940s and early 1950s, The high densities of favoured small "Acacias" that resulted
(especially A.nilotica, A.caffra, A.karroo, acd D. cinerea) will have temporarily created ideal conditions for black

rhinos. Numbers of black rhino bred up to record densities.

LACK OF FIRE IN LATER 1950s AND EARLY 1960s

- Lack of fire in the later 1950s and early 1960s atlowed "Acacia® scrub to grow beyond the level at which it
could be controlled by fire (chapters 15 and 16), and this was reflected in noticeable increases in bush
encroachment, and then significant increases in the area of "scrub” on the aerial photographs from 1954-60 (King
1987). As Acacias grew taller they became less preferred (chapters 6, 7 and B) and at later stages of thicket

development, physical interference of browse might have contributed to reduced feeding tevels (chapter 6.

BY 1960 HLUNLUWE’S CARRYING CAPACITY LIKELY TO HAVE STARTED TO DECLINE

The maturation, and self-thinning of the extensive areas of "Aecacia” thicket (chapter 20) will have reduced habitat
quality for black rhinos by reducing both tree density and palatability of the remaining taller trees and the decline
in carrying capacity will have been exacerbated by increased levels of grass interference (chapters 6 and 8) in
response to the above average rainfall and heavy removals of grazing herbivores in 1959-60.Thus, by 1960

Hluhluwe's black rhine carrying capacity probebly had already declined from peak levels.
Instially this appears to have primarily been reflected in reduced recruitment in the population (reflected in the
old age structure recor ded for the population by Peter Hitchins in 1963). Thus although peak black rhino densities

were recorded in 1961, the evidence suggests that the black rhino population had prabably approached or
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exceeded a declining carrying capacity by 1960, and that peak carrying capacities probably occurred during the

earlier, less obvious stages, of Acacia encroachment (chapter 20).

1961 DIE OFF IN NORTH EAST HLUHLUWE CATALYSED BY EXTENSIVE CLEARING IN 1959-60

The very extensive hushclearing of black rhino food species in the north-eastern area of Hluhhuwe in 1959-1960,
at a fime of possibly declining carrying capacity, coupled with the increased levels of grass interference will have

caused a sudden and abnormally large decline in carrying capacity in the area (chapter 17).

Giverni limited dispersal opportunities in north eastern Hluhluwe (as ncighbouring uncleared areas also had high
densities of rhinos), it is hypothesised that the interactive effect of the probable marked decline in distary quality
and increased intake of secondary plant chemicals that would have followed the large scale and sudden drop in
carrying capacily in the bushcleared area, could have caused many otherwisc apparently healthy looking black
rhing to reach a crisis. Their metabolisms would probably have been unable to cope with the high level of
conjugation of toxins and neutrahisation of acidosis given the combination of their probable lower nutrient intake
and increased intake of secondary plant chemicals; and this could have caused rhino to go into an energy crisis
(Illius & Jessop 1995) predisposing the animals to die rapidly as a result of massive (undetected) haemalytic crises,
which black rhinos are particularly predisposed to under conditions of stress (du Toit 1987, Miller 1994, Paglia

1994).

Indeed, given the exceptionally high density of rthino present at the time it would be very surprising if such a
sudden and extensive selective clearing of black rhino food species 10 north-eastemm Hluhluwe in 1959-1960,
coupled with increasing levels of grass interference (likely to reduce dietary quality and result in increased
consumption of unpalatable plants), was not related to the die-off of 46 animals in the area between the 11 July
and 27 October 1961. Noticeably, similar black rhino die-offs did not occur in adjacent uncleared areas. the timing
of the end of the die-off also coincided with the early growing season flush period when highly nutritious

"Acacia” coppice (indicated by the project’s limited chemical analyses) will have become available to the animals -
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both increasing protein intake and hence sigmficantly increasing the ability of the animals to detoxify secondary

plant chemicals (Iilius & Jessop 1995) .

IN THE ABSENCE OF BUSH CLEARING A DECLINE IN BLACK RUINO NUMBERS WAS

INEVITABLE

Although the extensive bushclearing and culling in 1959-1960 undonbtedly catalysed the 1961 die-off in north
eastern Hluhluwe, lhe decline in black rhino numbers in Hluhluwe was probably inevitable with or without the
extensive bushclearing in 1959-60, because given the low fire frequencies at the time, in the absence of ¢learing
(and possibly lack of clephants at the time), 4cacia woodlands would have continued to develop and mature

leading to a continued reduction in black rhino castying capacity (chapter 20)"!
One can speculate that only frequent fires with elephant re-introductions in the late 1940s and 1950s could have

kept the Hluhluwe habitat in ils optimal state for black rhinos for longer, by maintaining cncroaching "dcacias"

in the most preferred small sizes for longer.

LATER 1960s

The eventual regrowth of small Acacias on the exteasive bush cleared areas in north eastern Hluhluwe will have

in time, benefited the surviving black rhino.

Frequent fires in a below average rainfall period kept bushcleared areas in north Fluhluwe relatively open in the

late 1960s, and the underlying decline in rhino numbers appeared to stabilise temporarily (chapter 16).

Nevertheless, in 1970, while there were higher densities of small Acacias on Hitchins plots than in 1990 (chapters

10 and 18}, the high amount of feeding (especially on normally rejected species) indicated that the still very high
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density population of black rhinos in northern Hluhluwe was under nutritional stress. The declining carrying

capacity since the early 1960s was indicated by increased home ranges in the area (Hitchins 1969, 1971).

CONTINUED BUSH DEVFLOPR&ENT IN THE 1970s AND 19805

In the early 1970s, fire frequencies once again decreased and rainfall increased, favouring the continued
development of large areas of A.nélotica closed woodland {(eg around Zincakeni - chapters 16 and 20), with
maturation of A.karroo woodland in some areas {chapter 20) to the detriment of black rhinos (chapter 6,7,20}.
These successional trends were unchecked due to the lack of elephants until the 1980z, lack of clearing, periods
of mcreased rainfall and reduced fire frequencies. Continued autogenic succession (especially in A. nilotica closed

woodland) will have further reduced catrying capacity (chapters 7,8 and 20)%.

The decline in black thinos may have been exacerbated by the die off of a cohort of old animals born during the

period of peak densities.

IN THE LONGER TERM BUSH CLEARING PROBABLY BENEFICIAL TO BLACK RHINO

With the exception of concentrated very extensive clearing (in 1959-60 in north east Hluhluwe), bushclearing (and
Iater subsequent reclearing) will, in the shorfer term, temporanly benefit black rhinos by "tuming the clock back
on succession”, and stimulating regrowth and germination of favoured small Acacias, Given periods of low fire
frequencies, and lack of elephants until the 1980s, without bush clearing, the dedline in carrying capacity
in Hiuhluwe in the long term is likely to have been even greater, as mafuration of Acacia woodland and

autogenic succession will have continued unabated.
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INCREASE IN CARRYING CAPACITY IN THE MID-LATE 19905

The reintroduction of elephant and more grazers, and build up of game aumbers following the change to "process-
based management” (chapter 19) plus increased bush clearing in the 1990s (including A4. #ilotica closed woodland
and E.racemosa lowland forest areas) and frequent burning appears to have increased habitat suitability of
Hluhluwe for black rhinos. Indeed recent estimates indicate that both black rhino and kudu numbers have started

increasing.

However, over the last decade browsing pressure has noticeably increased in motthern Hiuhluwe (pers.obs), and

the future interactive impact of increased numbers of browsers and high fire frequencies remains to be seen.

The noticeable increase in C.odorara over the last decade roay also reduce carrying capacity in some habitats by

smothering food plants such as A. glabrara (D. Balfour pers.comm.).

CONCLUSIONS

From the knowledge of black rhino feeding ecology (chapters 6-13 and 20) the known and prubable changes

in Hluhluwe vegetation composition and structure will kave greatly reduced carrying capacity of Hluhluwe

for black rhino and were of such a magnitude te have caused the observed decline in rhino numbers.

A mumber of other factors also indicated that putritional stress was a key factor in the decline:

- The increase in mortality (especially of males) through fighting in the 1960s (Fitchins & Brooks 1986) was

congistent with increased conflict between neighbouring bulls following the observed increases in home range size

in response to declining carryiug capacity.
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-If neonatal calf predation by hyenas was a the major cause of the decline, adult mortality levels should have
remained more or less constant. They did not. The Hluhluwe black rhino population instead exhibited all the
elassic indicators of a nutritionally stressed population (Hitchins & Anderson 1983). The same phenomena have

also been demonstrated for elephants under nutritional stress (Laws ef al 1973);

- The high proportion of unpalatable plants eaten in mid 1960s (Bourquin’s Zincakeni plot - chapter 20) and
around 1970 (measurement of Hitchins plots - chapter 10)) also indicated that the animals wers under severe

putritional stress two decades ago.

VORTEX meodelling indicated that either conception rates must have declined or abortion/neonatal mortality must
have been high to produce the scale of the observed Hluhluwe decline. While circumstantial evidence collected
by Hitchirs suggested that hyenas were probably responsible for killing a number of black rhino calves (Hitchins
& Anderson 1983; Hitchins 1986), chapters 21 and 22 indicated that hyena predation alone could not have caused

the decline. In addition, greatly reduced calf recruitment is to be expected under conditions of nutritional stress.

All the other potential causes of the decline investigated were deemed unimportant or simply were proximal
manifestations (eg increased mortality due to fighting) of the ultimate problem caused by high population densities
and marked declines in ecological carrying capacity (chapters 21 and chapter 22). The Hluhluwe population has
high levels of heterozygosity, (Swart 1994), and its decline could not be linked to demographic stochasticity or
inbreeding (chapters 21 and 22). A review of available evidence (chapter 22) indicated that potential browsing
competitors nyala, kudu or giraffe were not likely to have caused the decline. Chapter 22 alse ruled out droughts,
lion predation, disease, prussic-acid poisoning, chemical inscct control or haemolytic anacmia as ultimate causes

of the decline.

The evidence in Chapters 8,9,15 and 16 indicated that on the whole burning benefitted black rhino in the short-
term, by removing grass interference in wet years, maintaining palatable small Acacias in their most favoured
small spizes for longer, increasing the mortality and hence reducing the establishment of largely unpalatable fire

sensitive later successional evergreen species, creating conditions conducive to the early season growth of palatable
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ground herbs, and increasing palatability of browse immediately following burning {possibly through increasing
calcium levels). In the longer-term, Chapters 16 and 20 indicated that it was rather lack of fire in the past
{especially from 1955-64) that facilitated the maturation and development of Acacia woodlands and subsequent
successional changes in A. nilatica closed woodlands towards E.racemosa/B, zeyheri lowland forest that reduced
Hlulluwe's carrying capacity for black rhino. Hitchins' hypotheses that control burning negatively imnpacts upon
black rhino by selectively removing palatablc browse plants, and that many more black rhino may havebeen burmt

to death (Anon 1988) were rgjected (chapters 9, 15 and 16).

APPLIED RECOMMENDATIONS

Applied recommendations to emerge from both the broader scale and more local reserve specific work of Project
Black Rhino 2000 were written up in a document targeted 2t and distributed to Natal Parks Board management
and research staff (copy lodged with Natal Parks Board - optional Appendix) who attended a two day Natal Parks
Baard BR2000 project recommendations meeting in Hiubhluwe-Umfolozi Park in November 1994, Following
presentations of the main findings of the project, and a field trip, the workshop then discussed each

recommendation in detail. The majority of the recommendations were accepted.

-r
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CHAPTER 23 NOTES

#1: This is because favoured spizes will grow into less faveured and eventually rejecied taller spizes, and eventually the abundance of generally
unpalaizsble later successional species will increase as aulogenic succession proceeds in Acacia woodlands. Support for this comes from the fire
constrained biplot in chapler 16, the subsequent regrowth and maturation of Acacia woadland on bush clearing plots that were not reclearcd for 20
10 30 years (chapter 18) and the clear relationship between declining black rhino feeding levels and succession in A.nifotica areas in iransition from

grassland b thicket to closed woodland ty lowland forest dominated by E racemosa and 5.zeyheri revealed by chaplers 6, 7 ang 20.

#1: Once closed A.nilotica woodland had developed, intermediate successional species R.pentheri and B.zeyheri grew taller, Fire would then
have rarely penetrated through this woodland allowing more fire sensitive, shade toleraat later successional species such as E.racemosa,
§.iaerme, and S.myrtina to establish and mature. Other undercanopy species which increased included K floribunda and C.caffra. Eventually
taller-growing intermediate and later successional species (K racemosa, B.zeyheri, R.pentheri, S.inerme) matared and overopped the
A.niloriea trees to form lowland forest over extensive areas. These successional changes have resulted in significant and major reductions

in carTying capacities in these arcas (chapter 6, 7 and 20).
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APPENDIX 3.2. Recent species name changes.

Species
*dihys
*enspt
*eucap
*eushi
*facap
*fisen
*hibis
*rhfra
*rhmac
*secaf
*verno
*xerud

Pyrostria hystrix (Dinocanthium hystrix)
Adenopodia schiechteri (Entada spicata)
Eugenia natalitia (Eugenia capensis)
Euclea racemosa (E.schimperi)
Zanthoxylum capense (Fagara capensis)
Ficus glumosa (F.sonderi)
Hibiscus/abutilon spp.

Rhus pyraides (R.fraseri)

Rhus rehmanniana (R.macowannii)

Sciterocarya birrea (S.caffra)
Yernonia subuligera (V.stipulacea)
Coddia rudis (Xeromphis rudis)



APPENDIX 4.1

A LAYMAN'S GUIDE TO SPIZE ORDINATION METHODS; OR HOW TO MAKE
SENSE OF BULKY AND COMPLEX HABITAT, ENVIRONMENTAL,
MANAGEMENT AND FEEDING DATA

Richard H. Emslie

Ecoscot Consultancy Services

INTRODUCTION

in the past, woody plant communities have generally been described at a species level. However,
this approach has its limitations, and it is preferable to instead study vegetation at a size cfass
as well as species level. This is because different sized individuals of a species represent food
sources of differing quantity and quality. In addition, the size structure of a stand of woody
vegetation also helps describe its successional status. Functionally 2 small one metre tall
A.nilotica bush is very different to a mature flat topped 4m tall A.nifotica tree with a dense

canopy. For this reason the analyses in this report have focused at a spize {SPecies sIZE class)
rather than at a specres level.

This paper looks at the basic principles behind, and output of, a group of multivariate analytical
techniques that are collectively known as erdination methods. Ordination methods allow us to
graphically depict the major variations in habitat composition.

What is perhaps even mors important to a conservation manager is the practical implications of
howv hisfher actions are likely to affect habitat composition and structure; and in turn what this
all means for key species they may be trying to conserve such as black rhino, New developments
in ordination methods allow us to focus on these important conservaticr‘n concerns. It is not the
manager's fault that the output from these methods sometimes has been as cliear as mud. The
blame lies fairly and squarely with ecologists for not taking the trouble to explain the new

methods to their colleagues. This paper aims to comrect this situation.



This paper focuses on:
o How we can apply these ordination methods to spize-based data.

© What the results mean; and in particular how to interpret the graphical output

of these methods.
© The kinds of practical problems that can be studied using such methods.

The details of how to do ordinations, and the mathematics behind them, are of nao interest to the
average reader and are not discussed here. This paper rather concentrates on their value in
providing answers to real practical ecological problems and how to interpret their graphical

output.

One of the major developments in the analysis of vegetation data in recent years has been the
development of so-called constrained ordination methods. Whilst reducing the complex varations
in community composition to a level the human brain can understand, these methods also enable
us to directly study how environmental factors and managemeant actions affect habitat species
composition {ter Braak 1986, 1987a&b, 1988a&b ter Braak & Prentice 1988).

The application of these ordination methods to spize-based rather than species based data
enables us to study habitat structure in addition to species composition; as well as generate
hypotheses about probable successional patterns in the vegetation from a single dataset {Austin
1977; Emsflie 1991).

The everlaying of contour plots of animal feeding levels onto spize based ordination diagrams
further enabies us to graphically link feeding levels to community composition and structure. This
approach was first used to show how habitat composition and structure influence black rhino

browsing levels (Emslie 1993).

One major benefit of these ordination methods is that results of these analyses can be presented

in easy to understand pictures.

Spize-based constrained ordination methods therefore offer us a way to get beyond mere
vegetation description {of limited use to managers); and start focusing on the factors governing
habitat structure, composition and dynamics (very useful to managers). This all sounds

marvellous - It is. However, there is a real and quite understandable problem.

Although conservation mangers are increasingly being exposed to ordination diagrams; many
managers "switch off" as soon as they are presented with such diagrams for one simple reason.
Nebedy has bothered to take the trouble to explain to them what the hell the diagrams produced
by these methads actually represent, or how to interpret them! '
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While the output from these methods may be easy to understand - it is only easy if you know
what to Ioo_k for. Without any previous training, looking at ordination diagrams must be like
trying to read a notice written upside down and back to front. The notice is gobbledegoaok, until
you know that all you need to do is turn it upside down and read its reflection in a mirror.
Understanding ordination diagrams involves a similar short "a-Ha™ type learning curve. Contrary

to pepular opinion you do niot have to be a "baffin” to understand ordination output.

When the majority of people who could benefit fram ordination diagrams can't understand them;
and the diagrams conain practically useful information we have a problem. It is not enough for
an applied ecalogist to produce results that only hisfher professional colleagues can understand.

Hefshe must be able to communicate the research findings to a broad spectrum of end users.

ft is time that ecclogists shared their “secrets™ with their conservation colleagues. This
represents a Win:Win solution, The results of such work can be of applied value; and ecologists
will gain as they can better communicate their research findings. Field conservationists can alsa
gain by being in a position to understand, and apply the new knowledge and insights into system

behaviour revealed by the research.

Some conservation managers may still argue that all this technical wizardry is all well and good,

but say ..

"I don't need to know how the research was done or the details of the results;

| only want to know what the practical implications of the results mean.”

One argument against this attitude, is that when you can fully understand the evidence that

* forms the basis of an argument, you can have much more cenfidence in the resulting

recommendations. You are also more likely to act on them; than if acceptance of

recommendations was just a simple matter of faith.

Would you prefer to buy a second hand car on the basis of an AA test report and raadworthy
test 7; or just take it on face value from a second hand car safesman that it was the perfect car?
I know | would prefer to base my decision on the evidence, unless [ had good reasan to believe
that the salesman was honest and had a reputation of giving fair and unbiased advice. To
continue the analogy. you also don’t need to be an expert mechanic who knows all about how

cars work 1o be able to tell from an AA report whether the car is a good buy or not.

In just the same way you can get all the benefit from ordination diagrams and yet don't have to
know anything about the mathematics and procedures used to build them. The bottom line is

that interpreting and understanding the output from spize ordination methads is relatively easy.

In his famous popular book "A Brief History of Time - From the Big Bang to Black Holes™ Stephen
Hawking {1988} says that someone told him that each equation he included in the book would

halve his sales. He resolved not to put in any equations, but eventually settled for one : E=mc?l
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| have gone one further in this paper - it does not contain any complicated maths or a single
equation. | hope the result is intelligible.

| also hope that after reading this paper, you will be able to share the thrill and amazement that
ecologists bave felt when they realise what these new methods can do.

Above all, after working through the paper you should be able to interpret and understand the

graphical output from these ordination methoeds.

DESCRIBING HABITATS

Habitat species composition and structure is complex, and no two patches of bush are ever

exactly alike. While there is pattem in vegetation, the patiern is often messy.

Field experience of a number of workers in bushveld areas has shown it is usually much better
and more appropriate to describe habitats according to variation along vegetation composition
gradients or continua (instead of trying to pigecnhole plots into neat and discrete habitat types
ar communities). Ordination methods form the basis of the identification of the main trends or

gradients in the vegetation.

COLLECTING BASIC HABITAT DATA

Diagram A shows what the vegetation in three different stands looks like. The stands differ in
their make up, with different densities of a range of species and sizes. Ecologists commaonly refer
10 the stands of vegetation that they have measured as plots or transects.

Diagram B illustrates how habitat structure and composition can be reduced to numbers. Let us
suppose, that in the field we have recorded the abundance levels of each spize. The results can
be entered into a table. We then end up with a rectangular grid of data with the different spizes
along the top, and the different plots down the side. In Diagram B the abundance of each spize
is illustrated by the size of the dot. Cells without a dot indicate that particular spize was not
present in that particular plot. {Obviously in real life cur table would he filled with numbers rather
than dots of different sizes}.
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BULK AND COMPLEXITY OF VEGETATION DATA

In cur example (B), we have a table of 12 spizes (2 size classes of 6 species] by 3 stands. This
gives a total of 36 cells in our data table. Although having an identical layout, real world data

tables are more complicated that this.

We may record 125 different woody species in our stands. !f we further break down our
measurements according to four size classes of trees, then we effectively end up describing each
stand in terms of the abundance of 500 possible different spizes rather than just 12 as in our

example.

in practice one also needs to measure far more than three stands to adeguately sample the range
af habitat variation. For example, black rhino feeding levels are very varable; and if gne is
recording the amount of feeding signs in the stands it is necessary to sample a large number of
plots. Therefore in practice we are more likely to end up measuring say in the region of 250 plots
than only three.

A real life data table with 250 stands and 125 species in 4 size classes may therefore contain
125,000 cells {250 plots by 500 spizes) rather than the 36 in our simplified example. {In reality
the number of cells in our raw data table will be less than this, as all species do not usually occur
in all four size classes).

In real life, apart from the difficulties of handling and comprehending the sheer amount of data
generated by vegetation surveys, the human brain finds it a bit difficult to think in terms of
describing vegetation in 500 dimensipns! '

Fortunately there are mathematical tools that ecologists can use to find and describe the main
patterns in the data in a way the human brain can understand lie 2 t¢ 4 dimensions rather than
5001, One of the main ways to do this is to use ordination methods.

Detrended Cotrespondence Analysis (DECORANA), Correspondence Analysis, Cananical
Correspondence Analysis (CANQOCOQ), Reciprocal Averaging, Factor Analysis and Principal

Components Analysis are all examples of ordination methods.

DATA PREPARATION PRIOR TQ ORDINATION

It is necessary to pre-process the raw data prior to ordination analysis as such methods are
sensitive to rare specieS ar spizes; and are especially sensitive to aberrant sités that are

dominated by rare spizes/species. This is not the subject of this paper but is a very necessary
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step if spize-based ardination methods are to be successfully applied. This process has been
automated and RESOURCE software (Emslic 1991} is used to pre-process the raw data. (For
further details interested readers should read chapter 5 and/or the notes at the end of the paper)

ORDINATION DIAGRAMS

Ordination methods ohjectively search for, and describe the main gradient in spize compaosition
in the vegetation. The abundances of the different spizes along this gradient are then quantified.
in other words, where a spize occurs along a gradient can be indicated hy its score. Spizes and
species that commondy occur together (eg. Spirostachys africana, Plectroniella armata and
Acaciz grandicornuta) will have similar scores, while spizes from very different communities will

have very different scores (e.q. Acacia caffra and Berquaertiodendron natalense}.

Once the species or spize positions along the gradient have been identified, it is then possible
to rate each stand according to where it occurs along this gradient. The rosultant stand score
is a function of its spize composition. Stands dominated by spizes that most commonly occur
towards the start of the gradient {i.e. key spizes have low values) will receive a low score.
Stands with intermediate scores will tend to be dominated by spizes that have their optima in
the middle of the gradient, and so on. Stands with similar spize compasitions will get a similar
scora. Stands that are very different will tend to have very different scores. In ardinations the

spize scores are therefore directly linked to the stand scores and visa-versa.

Vegetation doesn't tend to vary along only one gradient. Therefore after building the first
gradient, ordination techniques set about examining the remaining variation in the data. A second
and subsequent independent gradients are then generated. Vegetation gradients derived using
ardination methods are more usually referred to as axes by ecologists.

For the sake of this example, we are only going to consider an analysis with only two gradients
or axes; although it is possible to build a few more axes if nezeded.

Spizes and plots can be scored as to where they fit along the second ordination axis in the same

way as the were for the first axis.

Each stand (and spize) therefore has a score for each these two axes, We can then plat the
pesition of each stand onta a graph using the first two main ordination axes (ie vegotation
gradients) as the X and Y axes. As before, similar stands will accur close to each ofher, with
very different plots being far apart. The only difference is we are dealing with two dimensions

instead of one.



8

The main peint to grasp is that we can use ordination methods to objectively reduce the complex
data to a level we can understand and visualise {i.e 2 + dimensions rather than 500!}, While we

lose some information by doing this, we generally more than gain in understanding.

Diagram € shows the positions of our three sites on cur derived cordination diagram. The spize

pictures on the two axes illustrate the gradients in spize composition along the two axes.

If we look at the position of plot 1 on Diagram C we can see that it is associated
with the tall tree spizes to the far left of the first gradient {X axis} and the big
bush spizes at the bottam of the second gradient (Y axis).

We can also see that plot 2 differs more from plot T than plot 3 because it is
further away on the diagram. This makes sense when we look at the original

vegetation plots in Diagram A.

Stand 3 is intermediate in spize-composition on both axes.

You should by now see how the ordination has reduced the complicated data to a simple 2D
picture where position on the plot indicates spize composition {i.e. species composition and size
structure}. This also has the advantage that the vegetation is described more appropriately by
gradients rather than artificially forcing it into discrete "habitat types”™ that may not occur in

nature.

A further advantage of an ordination plot is that we can estimate the habitat conditions at a site
when we know it's axis scores. Let us suppose we have been given the pasitions of two more
plots (the open square and the open triangle on diagram C} on our ordination diagram. From the
diagram it is possible to predict the relative spize composition of these two sites (Diagram D},
We would sxpect both plots to be devoid of tall trees, as they hoth scored high on the first {X]
axis. However, the two sites occur at opposite ends of the second {Y) axis. We would therefore
expect to find more big bushes in the ste shown by the square, and more small scrub in the site
shown by the triangle.

We have shown how the position of the sites can he plotted on the ordination diagram {CJ. In
just the same way each spize receives a score on each axis, and so we can also plot the position
of spizes on our ordination diagram. Diagram E shows the position of one tall spize associated
with low scores on both axes {shown as a circled star}. In other words it is most abundant

towards the bottom left of cur diagram.

The 3D piot in Diagram E shows how the abundance of this particuiar spize varies throughout
the ardination diagram. The position of the spize on the ordination diagram is shown by the
circled star. This really reflects its weighted average position on the plot. Generally the spize
position on the plot reflects where that spize is most common; and the further away you move
from the spize marker on the diagram, the less abundant it will be in the habitat.



CANOPY COVER -»

.

i

—i5

T i

%5 J{i,fﬂﬂ!}'i}*&,a T




10

in reality, spizes cccur over a range of hahitats, but are more common in socme than cthers.
Some species also have a wide ecological tolerance and occur in a wide range of communities
{ea Dichrastachys cinerea} while others may have mare restricted distributions {eg. Harpephyllum

caffrum).

You will notice that the three dimensional picture in Figure E gives much more infermation about
the distributicn of the spize throughout the ordination space than simply its averaged position
on the 2D diagram. The 3D diagrams give a good indication of the extent of the distribution of
different spizes which would be hidden on a simple 2D plot.

Unfortunately to date ecologists have tended to use 2D rather than 3D ardination diagrams. The
main reason for this is that none of the standard ordination software packages offers 30 plotting
as an option. The creation of 3D plots therefore currently invelves additional contour modelling

and surface plotting.

RECAP 1

Thus so far we have seegn...

How ordination methods can be used to identify and describe the main gradients in vegetation.
This enables complex and bulky vegetation data to be reduced to a level the human brain can
understand.

That each stand and each spize can be given scores reflecting their overall mean paositions alang

each gradient. These scores can be plotted to produce ardination diagrams.

Stands with similar compositions will oceur close to each other on the ardination
diagrams; while two very dissunilar stands will be far apart on an ordination
diagram.

Simifarly spizes that are commonly assaciated with each other will also occur
close to each other on the diagrams.

The spizes most associated with a stand will occur closer to the stand an the

ardination diagram, then spizes that generally occur in different habitats.

The 3D platting of species abundances over the ordination diagram reveals further information
about the relative extent of a species or spize’'s distribution and ecalegical tolerance.



11

USE OF “STATIC” SPIZE ORDINATION TO STUDY SUCCESSION

If we analyse data at a spize level {rather than species levell we can use what is called a "static”
ardination appreach to generate hypetheses about possible plant succession pathways using a
single dataset (Emslie 1991). It is rare that ecologists have the luxury of using a “dynamic”

appreach to study succession by analysing repeated measurements on the same sites aver time.

The assumption behind this "static™ appreach is that each site represents a sequence in time
with the large classes representing the present successional state of the site, and the smaller
sizes the possible future composition. By following the path traced by successively larger spizes

of key specics on ordination diagrams, successional patterns ¢an be detected.

In real data, one will often find that different species come in at different places in the
succession with some species eventually dying out to be replaced by other species. Spize
erdinations can be very useful in identifying and generating hypotheses about probable

successional pathways.

In practice one may find that different successional trends may be taking place in different areas
of a.n ordinatien diagram. If there are obviously very different processes operating in different
landscape units {eg Riverine forest vs, Misthelt highland forest vs, Waody succession in more
ppen areas) it is generally worth analysing a subset of stands you are interested in {rather than

using all the data you collected). In this way the analysis can focus on the subject of interest.

A successiong! pathway is illustrated by Diagram F. By “joining the dots™ we can trace the
maturation of the five species shown on the ordination diagram from necar the middle to the
baottom left. Note how these pathways do not have to be in the form of a straight ling. In this
simplified case the twao species 1 and 2 have matured and grown tall together. Species 3
appears to be intermediate in the succession while Species 4 only appears later when Species

1 and 2 are tall. Species E only seems to develop when species 3 and 4 have grown tall.

This ordinaticn suggests that species 1 and 2 may change conditions which facilitate the
developrment of later successional species. This hypothesis could be investigated further on the
ground.



CONTOUR MAP OF BLACK RHINO BROWSE OFFTAKE LEVELS

SUPERIMPOSITION OF SUCCESSIONAL PATHWAY ON FEEDING MAP
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RELATING HABITAT COMPOSITION AND STRUCTURE TO BLACK RHINO FEEDING

If we have aiso quantified the amount of black rhino feeding sign in each vegetation plot, we can
build a contour map showing how black rhino feeding levels vary through ordination space

{Diagram Q).

The principle in drawing such a rhino feeding map is the same as drawing a topographical
contour, rainfall or air pressure map. In the latter cases we use altitude, rainfall and air pressure
readings taken at a number of known locations {recorded as X and Y coordinates on the ground)
to make our contour and 3D topographical maps. In the case of rhino feeding levels we have
made our measuremenis at known places in the more abstract vegetation {ic ordination) space,
as well as at known locations on the ground {ie. in physical space).

To make the feeding map we simply use vegetation axis 1 and 2 scores to denote the "location”
of each stand instead of physical X and Y co-ordinates. We are just dealing with "location”™ in
a more abstract space rather than physical location on the ground. However the principle is the
same - we have simply mapped changes in abundance of g variable Z {rhino feeding levels) aver
a space demarcated by axes X and Y {ordination axis T and 2 scares}.

We can then superimpose such a feeding cantour map (G) onto the spize ordination picture (F},
Qur example (H) shows that black rhino feeding levels decline markedly as the vegetation
matures from stands dominated by small individuals of species 1 and 2 to stands dominated by
species 3,4 and 5. In other words we can link habitat composition and structure to something
else (eg black rhino feeding levels) by overlaying a map onto our ordination diagram. ln practical
terms, if a manager in our imaginary reserve could prevent the vegetation from maturing, and
maintain a high abundance of smali sizes of species 1 and 2 he/she could prevent black rhino
habitat quality from declining, {The actual building of contour maps is a technical issue and will
not be discussed here).

A real world example is shown ovefleaf. The three main surface plots show how the relative
abundance in this case canopy cover) of different sizes of Acacia niletica varies over ordination
space in the northern Hiuhluwe area of Hluhluwe-Umfolozi Park. The smaller diagram {top right)
shows how black rhino offtake levels varied throughout the same ardination space [in this case
a 3D surface rather than a 2D contour plot). [t is clear that the growth of smaller A.nffotica’s
(< 2m) to become taller trees results in a reduction in black rhino habitat quality.
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RECAP 2

We have further seen that spize based ordination plots can be used 1o identify and hypothesise
about possibie successional pathways.

The supenmposition of feeding maps onto spize based ordination diagrams alse enables one to
determine how feeding levels are related to habitat structure and composition, as well as to

possible successionaf pathways.

IDENTIFICATION OF THE FACTORS GOVERNING HABITAT COMPOSITION STRUCTURE AND
DYNAMICS

So far we have seen how we can describe habitat in 2 {or 3} dimensional pictures, as well as
identifying what different habitats mean to black rhinc by overlaying a contour mag of feeding

levels. From a management point of view the next question may be ...

"Well that's all very well but what factors cause habitat to be X rather than Y
? In other words what are the effects of my management actions (eg burning,
hush clearing, stocking rates, fire policy etc.) on the habitat ? It is not much use
knowing which hahitat is best for species X, if | don't know how management
actians affect habitat species composition and structure.”

Fortunately Cajo ter Braak has developed tools to help ecologists answer these important
practical questions. Ris program CANQOCO (ter Braak 1288b) is used to undertake these
analyses. What does CANQCO do 7 ; and perhaps more importantly - How can one interpret and
use the results to answer the practical questions above?

The family of techniques he has developed are constrained ordination methods; with the most

common form being canonical correspondance analysis. Constrained ordination axes are usually

~ referred to as canonical lie. joint vegetation :environment) axes.

Before we can study how environmental factors and management actions influence community
composition we first need to make up an explanatory variable data table {just as we did for the
vegetation data}. Our raw vegetation data consisted of a big table of spize abundances over a
whole set of transects. Our envircnmental or management data takes a similar form to our
vegetation data table {B}.
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Instead of listing spizes as column headings along the top of the data table {as in B) we can list
the various variables describing the basic physical characteristics of each site (e.g. altitude,
slope, aspect, soil type etc.) and management histories {eg fire frequencies at different times,
time since last fire, time since last chemically bush cleared of "Acacia’s” etc.) as column
headings. Each plot (rows) can then be rated for each explanatory variable to produce an
environmental/management data table.

In the past, ecologists were reduced to describing vegetation patterns using erdination methods.
Then, as a subsequent and separate exercise, they indirectly studied how these vegetation
patterns were reflated to a set of explanatory variables,

Canstrained ordination analyses have the advantage that they analyse both data sets together.
The final vegetation ardination pattern produced is constrained by the explanatary variables. In
other words, the analysis relates cammunity compasition direct/y to known variation in the
envirpnment and/or managemeant treatmenis that we are interested in.

The key p-oint to grasp is that constrained ordination methods reveal the patterns in the
vegetation that are best explained by a given set of explanatory variables, rather than just the
averall pattern in vegetation. In effect this means that different sets of explanatory variables can

produce different ardinations.

A constrained ordination shows not only the pattern of community variation related to the set
of axplanatory variables (as in standard ordination); but also the distributions of spizes in relation’

to the various enviranmental/management variables.

The degree of dispersion of spize abundances along an envircnmental variable provides a
measure of how well that particular variabie {eq soil moisture) explains the spize data. What the
constrained ordination analysis is effectively doing is finding the linear combinations of
explanatory variables which maximally separates all the spizes. The results of such analyses are
often illustrated using a special form of erdination diagram called a &ipfot. On biplots, the spizes
and plots are shown as before - but with tha explanatory variables being shown as arrows.
Diagram | is an example of such a biplot. The two boxes zbove the biplot symbalise the two
vegetation (A,B,C..) and explanatory {1,2,3..) datasets which together are used to produce the
biplot.

in a biplot. the spize and plot points jointly represent the dominant patterns in community
compaosition in so far as these can be explained by the environmental/management variables. The
spize points and the explanatery vasdiable arrows jointly reflect the spize distributions along each
of the erwironmental variables. A biplot is therefare a joint pictura of both spize and explanatory
variables in a single ardination diagram. This allows us to infer the relationship of the different
spizes 1o the different explanatory variables,
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Each arrow representing an environmental/management variable determines a direction or "axis”
in the ordination plot. The species points can then be projected perpendicuiarly onto each
explanatory variable axis {the arrow ¢an be extended through to the other side of the origin). This
has been done for expianatory variable 1 in diagram §. The real beauty of bipiots is that the order
of the projected points on the arrow approximately corresponds to the ranking of the "weighted
averages® of the spizes with respect to that explanatory variable, The "weighted average™ of a
spize hasically indicates the “centre of gravity” of that spizes' distnbution ajong an

environmental gradient,

This has been illustrated for some of the spizes in Diagram J which represents a cross section
thirough the plot along the line of the arrow for variable 1. To avoid clutter only some of the

spizes shown on diagram § have been shown on Diagam J.

Let us suppose that acrow 1 on Diagram 1 represents fire frequencies over the previous fifty
years. Diagram J theraefore shows how the abundances of the different spizes vary over the fire
frequency gradient. One can see that spizes J and C have a much wider range of distribution
{greater realised niche) than spize G. We also can see how spizes M and A are only found at the
extremes of the gradient. From the biplot we can conclude that spizes A,B and C are most

associated with high fire frequenctes while species K,L and M are most associated with the
lowest fire frequencies.

An important feature of biplots is that the angles between arrows indicate whether the
explanatory varables work in similar ways or not. Narrow angles indicate the variables have tha
sarme effect. The coroilary is that bipiot arrows at right angles to each other have independent
effects, For example the biplot arrows in diagram § for variables 1 and 2 show these variables
operate in the same way. By way of contrast, the arrow for variable 3 (soil nutrient status) is
almost at right angles to the arrows 1 and 2. This indicates that the influence of soil nutrient
status is independent of fire frequencies. For example when projected onto arrow 3, the spizes
C, F, Jand M are similarly placed along variable 3 at intermediate soil nutrient status levels. Yet
we can see that these same spizes are affected very differently by fire with M being fire
sensitive and C fire tolerant.

Spizes F and J are either intermediate in tolerance or alternatively are unaffected by fire,
Unfortunately the only way to decide which is the case, is to plot out abundance along the axis
as done in diagram J. If a spize is unaffected we can expect it to occur all along the axis;

whareas if it truly favours an intermediate position we can expect its abundance to peak in the
middie,

Indeed, the most important current practical shortcoming of ordination plots and biplots is that
spizes that are unrelated to the ordination axes tend to be placed in the centre of the ordination
diagram and are not distinguished automatically from spizes that have true optima there. Three

D plots of species abundance levels in ordination space {see Diagram E) are useful in this regard.
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Another useful feature of bipfois is that the length of the arrows indicates the importance of the
different variables in influencing community composifion. In our example (Diagram |} variables
2 and 5 have shert arrows meaning théy are not very important compared to the other three
variables. Variables with very short arrows are often dropped to produce a more parsimonious
madel,

The biplot also shows that variable 4 is important, and is most strongly associated with the first
axis.

We can conclude that Variable 1 has the biggest influence on community composition as it has
the longest arrow. Variables 3 and 4 also have long arrows; and are therefore also key
determinants of habitat composition, We also can conclude that the effect of variable 3 on
habitat composition is independent of the effect of variable 1 because the biplot arrows are
almaost at right angles to each other.

It is also possible {using CANOCQO's Non-Parametric Monte-Carlo Permutations test) to determine
whether the denved species:environment refationships shown in the biplots are likely to be real,
and were not just spurivusly generated by chance {ie whether a derived canonical axis or axes

are statistically significant).

OTHER OUTPUT - EIGENVALUES AND INTER-SET CORRELATIONS

The methods also supply useful output to help interpret the results. A number called an
efgenvalue (shown by the symbol A measures the strength of the relationship for each canonical
axis. The higher the sigenvalue the more important the ordination axis.

However, even an ordination diagram that explains a small percentage of the tota! variation in

community composition {ie has a small eigenvalue} may be quite informative.

For example, gross changes in vegetation may be primarily related to the physical envirenment
{refiected by the biggest cigenvalues) ; yet management actions may still have important
secondary influences on community composition. In most cases we are generally much more

interested in the latter.

The inter-set correlations provided as part of the output are very useful as they give both the sign
and relative importance of different explanatory variables for each of the ordination axes. The
bigger the inter-set correlations the bigger the influence of the variable on the axis. High positive
and High negative inter-set correlations therefore repreéent key explanatory variables at opposite

ends of a constrained ordination axis.
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RECAP 3

Constrained ordinations alfow us to directly study fiow vegetation patterns are influenced by a
set of explanatory variables.

The results of constrained ordination are usually presented graphically as biplots. In a biplot the
spize and plot points jointly represent the dominant pattermns in community compgsition in so far
as these can be explained by the environmental/management variables. A sirnple spize-based
biplot can show complex relationships between a given set of explanatory variables and
vegetation composition and structure.

The length of biplot arrows show which environmental variables out of a set
have the biggest influgnce on habitat compasition and structure, and which ones

have little influence. The longer the arrow the more important,

The angle between biplot arrows fndicates the degree to which particular
variables have similar effects. The same ang'é = gimilar effects; while angles
at right angles have independent effects. In this way suporfluous variables that
duplicate other variables, or those that have litile explanatory power can be
dropped.

The ordering of perpendictlarly projected spizes onto a biplot arrow indicates the
approximate order of the different spizes along that particular explanatory
variable.

The constrained ordination techniques produce statistics that enable one to
determine 11 whether the derived biplot is real and not a spurious artefact of
chance with no biolagical meaning; and 2! the relative strength of the
relationships between the explanatory variables and the vegetation data.

PARTIAL CONSTRAINED ORDINATION

The analyses can be further extended in a practically very useful manner. In a partial constrained
ordination the influence of a set of explanatory variables (called covariablas) is removed from the
data prior {0 analysis. Analysis then proceeds as before, with the difference that the focus of
study is whether the remaining explanatory variables account for any variation in community
composition not already accounted for by the covariables. '
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The lower the eigenvalues, and the shorter the arrows compared to a normal run {(without
covariables}, the more we can conclude that the variation in an explanatory variable is already

being explained by the covariables.
Partial constrained ordination is practically very useful as it aflows us to answer questicns like:

Is the correlation of community composition with fire simply because particular
combinations of physical conditions favour increased grass growth (i.e. greater
fuel build-up) and hence such areas are predisposed to being burnt more
frequently; rather than fire per se having a significant influence on habitat
compaosition in its own right 7

To solve this "chicken and egg” type problem we might enter a whole set of physical variables
relating to soil moisture status, microclimate, soil structure and nutnent status (eg altitude,
aspect, slope, s0il type, underling geology, and soil texture) as covariables; and use a set of fire
variables as our explanatory variables, We can thén test to see whether the fire variables
significantly account for some of the remaining variation in habitat composition on their own.
[f they do not, we can conclude that burning treatments did not add anything more that could

not already be "explained"” by the environmental covariabies.

Partial analyses aiso allow wus to uncover more subtle vyet still important
spize/envircnment/management relationships. For real world examples of the use of partial

constrained ordination interested readers should refer to chapters 16 and 18.

The recent development of partial constrained ordination methods have given the adaptive
manager a powerful tool. For example, suppose one is testing the effects of bush clearing on
some plots. Let us assume that four sites were chosen for an adaptive management experiment;
and that in each site, some of the area was cleared and some of the area left uncleared as a
contro! {ie a randomised block sampling design). Let us also suppose that researchers measured
habitat compaosition and structure in cleared and control transects in each site before clearing;

and then remeasured them again sometime later.

Within each site, differences between transects almost certainly existed prior to clearing;
reflecting both within and between site differences in soil nutrient and moisture status, and past
management history, In other words, growth after clearing may partly be a function of both the
plot characteristics and priar differences in community composition on the transects. From an
applied point of view we are not interested in this. What we want to know is: what was the
effect of the clearing treatment? Was it effective?.

Fortunately using partial constrained ordination methods we can now remove any variation due
to plot differences in community composition prior to treatment using covariables. Qur analyses
can then concentrate on determining the effects of our management treatment.
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CONCLUSIONS

By superimposing a contour plot of say black rhinc feeding anto a constrained (or partial
constrained! ordination plot we therefore can summarise a huge amount m’ﬁ complicated detail

in only one picture.

The use of constrained and partiafly constrained ordination biplots enables us to directly study
the nature and strengths of relationships between habitat species compositionjand structure, and
the particular explanatory variables we are interested in. A statistical fest is avaiable to

determine whether the pattems produced by analyses are real or are likely fo be spurious.

These ordination methods allow ws to make sense of huge and cofmplex vegetation,
anvironmental and management data sets. Furthermore interpretation of t:he results is made
aasior as we can show the results as a picture. The use of 3D plots of the d:s tribution of spizes
in ordination space further adds to understanding. ;

ft is the author’'s hope that this paper has enabled non-specialists to interpret and understand the

result of spize based ordinations; as well as showing their potential practical éonservation value.
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NOTES:

PRE-PROCESSING OF DATA LiISING RESOURCE TO DEAL WITH PROBLEMS OF RARE SPIZES/SPECIES AND ARERRANT
STANDS IN ORINNATION

Rare species and spizes can greatly reduce the success of any ordination analyzes. This is because rare species/spizes
and especially aberrant sites came to dominata the derived ordinaticn axes. It is therefore necessary te identify drep such
rare spizesfspecies and/er stands pricr 10 analysis. A tailor made program RESOQURCE has been written by the author
{Emslie 1991} to prepare the spize data prior to analysis, and prevent thase problems affecting the succeas of the analysis
by identifying rare spizesfspecies and aberrant sitas.

When there is insufficient data to analyse data for each size class of a species separately it is necessary 1o armalgamate

size clasges to Form compasite spizes prior to ordination.

For example, thera are only few Acacia caffra trees in Hluhiuwe that ara over dm high (size 4}, Those that are, are just
over 4m tall, Basically size 3 and size 4 A caffra's functionally repreésent the same thing - tall 4,caffra. if we were to
simply drop data for the spize A.caffrad from analysis, we would be throwing away useful information. it therefore makes
better sense to make & new composite sprze for tall A.caffra by amalgamating size classes 3 and four Lo form a new spize
- A caffra3d.

I other cases there may only be enouph data to describe a less common species al a species level, However fust knowing
that & species is present still gives us some useful information about a stand {eq. whether or not the forest spacies Celtis

africana and Scutia myrtina are present in a patch of Acacia nifotica dominated woodland),

In more extreme cases all records of rare species should be dropped from the analysis when there ia nat enough data,
It is particularly impaortant to identify and drop any aberrant gitcs prior to crdination.

The dererminatien of which composite spizes to Use in analysis, and which stands shauld be excluded from analysis
becauge they are aberrant is undertaken using RESOURCE software (Emslie 1981},

In our example with 500 possible ditferent spizes we probably will end up analysing data on around about 110 key spizes
and composite spizes. Maybe around 4% of the 250 stends will be flagged as aberrant. Fherefores instoad of analysing
8 data table with 125,000 cells; in reality after the raw data have been processed by RESOURCE wa would be more kkely
te end up enalysing a data table with just over 26,000 cells (240 stands by 110 common spizes/camposite spizes).

As can be imagined the identification of which spizesfcompaosite spizes should be used; and the generation of the new
composite spizes fram the raw data is a complicated and time consuming business. In the case of a species that has data
far ail four gize classas, there are 8 possible size class comhinations to consider, ranging from treating each spize
scparately through variouz compesite spize cembinations ta treating the data at 8 species lavel. RESQURCE software
(Emislie 199 1) was written to specifically to automaete this pracess. Doing the task manually is not a practical proposition.

For example, in a resl world example from Hluhluwe Gome Reserve, 124 different species were recorded in the raw data
sot of 243 plots. Four size classes were used, and a totgl of 337 4ifferent spizes were recorded. There were a total of
4651 unique plot/spize records in the raw data set. After RESOURCE processing, a total of 108 different spize/composite
spize combenations of 47 of the more common species were mcluded in tha final dataset. Tho other 77 species were
flagned as rare. A tatal of 4072 spize combination records were seléected out of a possible 15,404 records. Apart from
dropping rare species and amalgamating rare spizes; RESQURCE recommended that data from 11 aberrant plots {4.5%)
should be excluded from any subsequent ordination analyses.
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EXPLANATORY VARIABLE AXES

The linear combinations of explanatary variables used in constrained erdination can be used to produce explanatory
variable axes. Just as with the vegetation data we can condense a large nurmber of explanatory varisbles into just a few

environmental or management axes,

PASSIVE VARIABLES OR SPIZES

Ecologists may sometimes refer to passive spizas or variables. This does not really need to be of any concern to field

conservationists.

There are technical reason why sometimes one needs to exclude some rare spizes and soma highly correlated expianatory
variables when undertaking constrained ordinations. However, it still is possible to include thase spizes and explanatory
varizbles in the final constrained ordination plot. Variables (and spizes) that not used directly ta build the ordination axes,
but that are still shewn on the ordination diagram are called passive.



"APPENDIX 4.2

Records in HM contain summuary data for cach of the 4651 uniyue spize:plot combinatian records in the North

Eastern and Central Hluhluwe Guime Reserve 1989 Gnid Study Area.

NAME

g

l}ecNum
Plot -
Species
Size
Spize
N/Plot
DENxx
X/B/T

TB/Plot
TBxx

. FB/Plot
FBxx
HE/Plot

’:;- HBxx
= .

- G.Iatert
GRASS2

. GRASS3

v oalyt

| GRASS4

GRASSS

YARIABLE DESCRIPT!ON
Record Numnber (1 to 3631)

Flot name (Alphanumeric 001 - 242)
5 digit acronym tor species name. Genus {(2) + Species (3)
Stze Class (1< Im ;20 Im-1.99m ; 3: Zm - 3.99m ; 4; =4m)
Concutenation Species + Sice (6 digit acronym)

Number of individuals per Plot (=300m°)

Tree density {n/ '/, Ha)

The mean number ol botiles per individuat tree

Total Bottles in the plot within reach of black rhino {Available). Foliage on
spindly individuals which could be pushed over was clussed as available.

Tota! Bottles/ '/ .Ha within reach of black rhino {Availuhle). Foliage on
spindly ndividuals which could be pushed over was classed as avatbable,

Free Bottles/Plot niot hidden by grass (TB/Plat-HB/Plot),
Free Battles/ o .Ha not hidden by grass.

Battles hidden by gr-ass f plot (on trees = 2m).

Bottles hidden by vrass /' Ha (on trees < 2m).

Gruss [ntereference - Mean estimated percentage browse hidden hy erass per
Spize (for trees =2m)

Grass Interference Class Values { |1 <350% Grass Interference of Availahle
Bottles ; 2 =304 .

Grass Intcrfdrc:nc;: Class Values ( F: <33% Gruss Interterence of Avaiiahie
Bottles 1 7: =33% <67% ;3 : =67% )

Grass Interference Class YH[ltcs (I <25% Grass Interference of Availahle
Bottlex 1 2: 225% <30% ;3 : =50% <75% ;4 : =75)

Grass Interference Class Values { [ 1 <20% Grasx Interfercnce of Available
Bottles 1 20 220% <40% ;3 : =240% <60% - 4 : =260% <80% ., 5.
=80% )



'BBQ

Cover

I

NnoEAT

NnEAT

.

NOEAT

Nold

Nnew

Nall

BnEAT
BoEAT
BallEAT

Ballxx

Nallxx

BOxx

BNxx

7 Viscluss
]

Feode

e

FR AN

Braun-Blanquet Score with minor clisses lumped inelass | (1 £3% Canopy
Cover 3 21 5-25% 1 3: 25-30% 5 4 30-75% and 5: >73%)

BBQ@ score % cover value (chuss range nud points)

The number of individual trees and hushes with signs of botle "old” (grey)
and "new” (light} hrowsing by black rhino. '

The number of individuals with signs of oafy "new” (light) browsing by
black rhino.

The number of indviduals with signs of ondy * old* {grey) browsing by black
rhina.

The nunher of ndividuals with signs of "old” (urey) browsing hy black
rhino.

The nomher of individuals with signs of "new” (light) hrowsing by black
rthino.

The number of imdividual trees and hushes with signs of hrowsing hy btack
rhina.

The total number of "new” bottles eaten in the plot per spize
The total nuwber af “ofd” hattles eaten in the plot per spize
The total number of "new” and "old” hottles euten in the plot per spize.

The total aumber of "new” and "old" boftles eaten per spize per 'Y
hectare.

The number of individuid trees and bushes with signs of hrowsing hy black
thino /5,5 hectare.

The total numher of "old” bottles eaten per spize per /.. hectare.
The total number of “new” hottles euten per spize per /., hectare.

Acronym deseribing assessment of habitat/physiognomic type hased on
eyehalling data.

Fuzy coded duntmy varisble for forest type (I = forest/riverine forest
0.5= forest margin O = other).



Recards contain summary data for cach of the 242 different plots. The records can he sub-divided into broad
data categories.

- NAME VARIABLE DESCRIPTION
+
+3 PLOT NAMES & NUMBERS
Plotnum Plot number (Numeric [ - 242)
Plot Plot name {Alphanumeric 001 - 242)
PLOT LOCATION
Xcoor X Coordinate tram Grid used {or mapping (| unit = distance hetween grids
= 450m)
Yceoor Y Coordinate fram Geid used for mapping (1 unit = distanve hetween grids
= 450m)
Mapn Orthophata Map Number
. Dist2DL Shartest Distance {m) to nearest Drainage Line (measursd on Orthophoto's)
Dist2Wat Distane= {n1} of Plot from Semi-Permunent (o Permanent Water {(measured
an Orthophatos)
" Log2di Lov of the Shortest Distance (m) ta nearext Drainage Line (measured on
Orthophato's)+ |
| Logd2w Loy of the Distance {m) of Plot fram Semi-Permanent to Permanent Water
{meastired on Orthophoto’s) + |
PLOT ALTITUDE, SLOPE AND ASPECT
i ; Aliitude Altitude (m) taken from Orthophotas
~- AIGtRiv Plot altitude ahove 80m - the Fowest altitude recorded along Hiuhluwe River

in the study area {taken from Orthaphorto’s),

Logurtr Lag of Plat altitude abave 80m + 1 - the Juwest altitude recorded along
Hlubluwe River in the study aren (taken trom Orthaphorto’s).

. Narth Fuzzy Coding of Dummy Variable fae North facing slopes {Slope = 1) :
: North = 1 North-East and North-West = 0.5

[LEILTS

"~ East Fuzzy Coding af Dummy Variable for East facing slopes (Slape = [ : Eust
= | North-East and Sauth-East = 0.5

South Fuzzy Cading af Dummy Variable for South facing slopes (Skope = 1) -
South = | South-Eust and South-West = 0.5

Weut Fuzzy Coding of Dummy Variabbe fur West facing slopes (Slope = 1} -
West = | Narth-West and South-West = 0.5



' Seasp
Nwisp
Swasp

# Neasp

1

Seln\v
Swlne
Se2sa

Slope

Altslp

UNDERLYING GEOLOGY (From Gealogical Succession (Pre-Cretaceous) Map - Sheet 2832 AA - Fuzzy

31

Fuzzy Coding of Dummy Variable for South East fiucing slopes (Slope
1) : South-Eust = | South and East = 0.3

Fuzzy Coding of Dummy Variabte for North West facing slopes (Slope =
1 : Nagth-West = 1 Narth and West = 0.5

Furzy Coding of Dummy Vartiable for Sauth West facing slopes (Slope =2
1) : South-West = | South and West = 0.5

Fuzzy Coding of Dummy Variable for North East facing slopes (Slope =
13 : North-East = | North and East = 0.5

Fuzzy Coding of Dummy Vanable for South Eust facing slopes (Slope =
1) : Sowth-East = | South and East = (.5 ####

Fuzzy Coding of Dummy Variable for South West facing slopes (Slope =
13 : South-West = | South and West = 0.5 #4#4

Fuzzy Coding of Dummy Variable for Seuth East to South facing slopes
(Slape = 1) : South-East to South = | §4##

A categorised variable (O: Flat ;3 1 Gentle > 5mm between Sm contours
next to plot an erthaphoto measured at the angle of the min slope (e not

alony transeet) 1 20 Medium > 2mm but <3mm ; and 3 @ Steep <Zmm )

Interuction vartahle Alutude * Siope

Coded Dummy Variahles)

. Dolerite
+ LowBeauf

. LoMiEcea

- » UpprEcca
Ci

S

z _ Brecoia
ClarStor
UppBeauf

© Basalt

% Igneous

bl

Sedmntry
" Sed Brec
Ecca

Beaufort

Dolerite sills and dykes
Emakwezini Formation Lower Beautort Seres - Sandstone, Sale & Coal

Lower Boca Series - Pietermaritzbury Shales & thin Sandstones;  and
Middle Ecca - Vryheid Sandstones & Shales

Upper Ecca Series - Volksrust Shalex & thin Sundtstones

Breccia dykes

Clarens Farmation Storinbery Series Argillaceous Sandstones

Nyoka Fonination Upper Beaufort Serics Mudstones, Shales & Sandstones
Letaba Formation Stormhery Series Amydaloidul Basalt Lavas

leneous rocks

Sedimentary rocks

Sedimentary rocks excluding Breceia dykes

Ecca Series

Beaufort series



" SOTL {Dununy variables tor soil types and sstimates of soil texture and depth hased on data in Barrow 1986
and MacVicar & DeVilliers {977)

FreeDRYB Dummy variable for Sail Type - Freely drained red and yellow brown soils
: (Hutton & Shortlands forms)

DupAlluy Dummy variable tor Soil Type - Duplex and Alluvial soils (Valsrivier,
Qalcleat and Dundee forms)

# Blkelay Dummy variable for Soif Type - Black Clay Soils (Bonheim, [nhosk, Mayo,
< Milkwood & Rensburg forms) .
Lithosol Dwnmy variable for Soil Type - Lithosols (Glenrosa & Mispah forms)
RegricSnd Dwmmy variable for Soil Type - Regic sands (Fernwood type)
. Huttonl Dummy variable tor Seil Form Hutton - Series Msinga & Shorrocks
Hutton2 Dummy variable far Soil Form Hutton - Series Doveton, Mukatini, Vimy

& Marikana {probably moderately low nutrient status)

Shortlnd Duwmmy variable for Soil Ferm Shartlands - Series Glendale, Richmnand,
Shortlands {posstble masture stress)

Valsrivr Dummy variahle tor Sotl Fanw Valsrivier - Series Amiston & Lindley

Qakleaf Dummy vanable for Snit Farm Qakleaf - Series Levubu, Okavango, Jozini,
Limpapo, Kocdaesvlei & Muotale

Dundee Duriny variable far Sai] Form Dundee - Seriex Dundee
1
Bonhm! Dupwny vartable for Soil Form Bonheim - Stunger Seres
Bonhui2 Dummy variable for Soil Form Bonheim - Series Glenguzi & Bonhetm

{possible morsture stress)
2 Inhaek Dummy variakle for Soif Form Inhock - Series Consten & Drydale
- -

" MayaMilk Dummy variable for Soil Farm Mayoe Series Msinsini & Soil Form
Milkwood Series Milkwood (shallow & possible maisturs stress)

Renshury Dununy vanable for Soil Form Renshuryg - Series Phoenix & Rensbury
Glenrosa Duminy variahle for Soil Form Glenrosa - Series Williamson & Trevanian
__ Mispah Dummy variahle for Soll Form Mispab - Series Mispah
" CLAYpc Estinnated % Clay (based on availahle literature)
SANDpc Estimated % Sand (hased on available fiterature)
SILTpe Estimated % Silt (hased vn avallable litersture)
Bdepth Score from 1 to 3 reflecting depth of B hortzon (hased on data in Barrow

1986)



' Deep

Shallow
SAND

S-loam

- Se-laam

i

S-Clay
C-loam
CLAY
Hutlshrt
Inhkrens
Fdr2
Logclay
Laogsand
Logsilt

Blkelayl

Blkclay2

Hutton

Fuzzy Dummy vartable for Deep Soils

Fuzzy Dumimy varisble for Shaliow Soils

Fuzzy Dummy varaible for sandy soil

Fuzzy Dummy varishie far Sundy Loam soil (hased en availahle literature)

Fuzzy Dununy variable for Sandy-Clay-Loam soil (hased on available
literature)

Fuzzy Dummy vanable for Sandy-Clay soil {li:ased on available literature)
Fuzzy Dummy variable for Clay-Lozm soil {(hased on available literature)
Fuzzy Dummy variahle fnr Clay soil (hased on availsble Literaturs)
Fuzzy Dumuny variahle tor Hutton | and Shortlands {see Barrow)

Fuzzy Dumnny Variable tor Soil Forms [nhoek and Renshury

Fuzzy Dummy Variable for Hutton 2 Free driining red seils

Loy of Estimated % Cluy+ 1 {(based on avauilable [iterature)

Loy af Estimated % Sand + [ {(hased on available liternture)

Loy of Estintated % Silt+1 (buxed on avulable literature)

Duminy variable for Soil Type - Black Clay Soils (Bonhein, nhoek, Mayo,
Mitkwood & Renshurg forins) #¥#4

Dummy vuriabe for Soul Type - Black Clay Soils (Boahetm, [nhoek, Mayo,
Milkwood & Rensbury forins) #4488

Fuzzy Dummny variahle for Hutton soils

- « BLACK RHINO BROWSING AND SIGN IN PLOT

7

-

2 NOnEAT

R VR

NnwEAT

OnEAT

- Ralp

Eolp
Ba/p

Nn/p

The number of individual trees and busies per plot with signs of hoth "old”
{grey) and "new” (light) hrowsing by black rhino.

The number of individuals per plot with sigos of only "new” (light)
hrowsing by black rhino.

The nwmber of individuals per plot with signs of poly "old” (grey) browsing
hy black rhino,

The total numbar of "new” hottles eaten per plot
The total aumber af "old” bottles eaten per plot
The total number of "new” and "old” bottles caten per plot

The number of individual trees and hu\hcs per piot with signs of “old”
{urey} hrowsing hy hack rhino.



"Nn/p

l\?a B

Bnxx
- Boxx
# Baxx

24

Noxx

The aumber ol individuals per plot with signs af "uew” (light) hrowsing by
hlack rhina,

The number of individuals per plot with signs at hrowsing by black chino.
The total number af "new” battles eaten per /.- hectare

The total number of "old” battles eaten per '/, hectare

The total number of "new” and "old” hattles caten per 'y, hectare

b
The number ot individual trees and bushes per '/, hectare with signs of
“old” (grey) browsing by black rhino.

The number of individuals per 'faa hectare with signs of "new” (light)
hrowsing by black rhino.

The number of individuals per '/5,, hectire with signs of hrowsing hy hlack
rhino.

BLACK RHINO BROVSING AND SIGN IN AREA SURROUNDING PLOT

Grdhr

Dunyg

An assessment of the amount of hlack rhino teeding seen per = 225m
walking to and = 225m from plot (0 : No signs of browsing ; 1 : 0.5 to
<4 hottles eaten ; 2:4to < [0 bhottles 5 31 10 te = 20 hottles and 4 ;
> 20 hottles) This variahle provides an index of the feeding in the area

‘surrounding cach plot.

The pumber of different duny piles seen per = 225m walking o and =
225m Fram plot. Twa different age lotx of dung on a dung pile were counted
as 2 not |. Given problems of differentinl visihility this wave a very
approximate index of bluck rhino use of the urea surrounding cach plot,

* FIRE HISTORY

. w Frs5ts9

by,

Freotod
Ft55t64

Fr6sL7t

2 FE72t79

» by

. FI65L79
© FF55t79
Fr80t88

FI'55i88

Fire Frequencies per plot for the period 1935 to 1959 - obtained after
extracting duta from the individual annial NPE bum maps. (Plats which tell
on a burn houndary or were listed as a Putchy burn were counted s 0.5)
Fire Frequencies for the periad 1960 to 1964 using methods outlmed ahave.
Fire Frequencies for the period 1955 to 1964 using methods eutlined above.
Fire Frequencies for the perind 1963 to 1971 using methods outlined above.
Fire Frequencies tor the period 1972 te (979 using methads outlined shove,
Fire Freguencies for the period 1965 to 1979 using methods outlined ahave,
Fire Frequencies for the period 1955 to 1979 using methads oatlined above,

Fire Frequencics for the period 1980 to 1988 using miethods outlined ubove.

Fire Frequencies tor the period 1935 to 1988 uxing methods outlined shove,



Fire88 Duwmmy Varable for Fire the year hefore measurement. (Plots which el
on a bumn boundary or were listed as 2 Palchy bum were counted as 0.5)

BUSH CLEARING HISTORY (Bused on data extracted trom NPB bush clearing wmaps. Plots which were

sttuated on clearing boundaries scored as 0.5)

Fagn Frequency of Bush Clearing Aeacia’s since 1957
" Fgm Frequency of Bush Cledring Mavienny senegafenyis sinee 1937
+
' Fge Frequency of Bush Clearing Euclea divinoruy since 1957
Afe Frequency of Chemical treating of Acacia’s since 1957
Afp Frequency of Physical removal of Acucia’s since 1957
Afcp Frequency of Combined Physical & Chemical treatment of Acecier’s sinee
. 1957
Afd Frequency of Diesel application on Acercid™s since 1937
AGOF Frequency of Bush Clearing Acwciers from [937-69
ATOf Frequency of Bush Clearing Acacia’s from 1970-79
ABOF Frequency of Bush Cleaning Acacia’s from [980-Feh 89
Anev Dummy variable for plot’s that have never had bush clearing of Acaciea’s
© Ales Dumimy variable for plots that were last cleared of Acucia™s in 1957-1963
Alc70 Duininy variahle for plots that were last cleared of Aeaefa’s in the mid
R 1970°s (1973-77)
- Alc80 Variable reflecting time since piots were last cleared of Acacia’s in the
1980’5 (0 = not cleared in 1980°s ; | = lust cleared In [$84 ;2 = 1985 ;
. 3: 1986 ; 4: 1987 and 5: |988)
_—
;-f Alc Variable reflecting tine since plots were fast cleared of Acecie™s (0 = since
- 1957 plot has never heen hush-cleared ; | = laxt cleared during 1957-1963
12 = last cleared 1973-1977 ; 3¢ fast cleared [985-March 1989)
Mnev Dummy variable for plot’s that have never had bush clearing of Mawenus
senegealensiy
- MIc70 Dumniy variable tor plots that were last clenred of Mayernas senegelensis
= in the mid [970°s (1973-77)
- MIcBO Vanahle petlecting time siace plots were last cleared  of Meaveenws
sengelensiy 1w the 1980° (0 = not clearsd in 1980°s 5 | = last.cleared in
1984 ; 2. = 1G85 ; 3: 1986 ; 4: 1987, 5: [988 und 6 : Jan-Mar 1989)
Mic Frequency of Chemtical treaung of Muvrenuy senegalensiy since 1937
Mfp Frequency of Physical removal of Mavtenns senegalensiy since 1937



Miep

¥ird

Atsleol

- Atslc80

Frequency of Comhined Phystcal & Chemical treatment of Mayrenus
serregdalvusiy since 1957

Frequency of Diesel applicatian on Mayvrenus cenegalonsiy since 1957

Dummy variable for plots that were laxt chemically treated of Acacid’s n
the the Lue [950°2 and early 1960°s (1957-1960)

Variablc reflecting time since plots were {ast chemically cleared of Aeacia’s
in the 1980°s (0 = not cleared in 19805 ; I = last cleared in 1984 ; 2 =
1985 ; 3: 1986 5 4: 1987 und 5: {988)

Y

GRASS INTERFERENCE

GrassHt

GHiClnss4

GHitClass6

GHitCluss8

HBI12

HB!

HB2

GrassIng

. Gintl

Gint2

- la

2 Gintl2

T Gle2

Gle3

Gled

Ny

Glcs

Gl2¢2

G123

Madal plot gruss height (cm)

Modal plot grass height (cm) expressed ss a categorical variable with a
50cm class interval,

Modal plpt grass height (em) expressed as a categorical variahle with a
33em clasx interval.

Modal plot grass beight {em) expressed as & categarical variable with =
25¢m class interval,

Total numher of bottles on trees <2m hidden by yrass (Bottles/Ha)
Tolal number of hottles on trees < fm (Size [) hidden hy erass (Bottles/Ha)

Total number of hattles vn trees <2m but > [m (Size 2) hidden by grass
{Bottles/Ta)

Mean % Gruss Interference (Total HB/Plot expressed as a % of the total
TB/Plot on trees <2m).

Meun % Grass Interference on frees <tm
Mean % Grass Intzrference on frees 1-2m
Mean % Grass Interforence on trees <2m

Size ! (< im) Mean Grass Interference Class Values (1 @ <530% Grass
Interfersnee of Available Bottiex : 2; 250%

Size T (<im) Meun Grass Interference Class Values (1 0 <33% Grass
Interference of Avmlabic Bottles ; 2: =33% <67% .3 =67% )

Size [ (< [m) Mcar-l Grass Interference Class Values ([ 2 <25% Grass
[nterference Of Available Batties 1 2: =225% <50% 3 : 250% <75% :
4:=75)

Size | {<Im) Mcan Grass Interference Class Values ([ @ <20% Grass
Interfercnce of Available Bottles 1 2: =20% <40% ;: 3: =240% <60% ;
4. =00% <80% :5: =80%)

Size 12 {<2mn) Mean Grass Interference Claxs Values { 1 @ <30% Grass
Interference of Availahle Bottdes @ 2. =250%

Stze [2 {(<2m) Mean Grass Interference Class Values ( [ @ <33% Grass



Gl2ed

Gl12¢5

Th G2
G2e3

G2cd

G2cS

Interference of Availuble Bottles ; 20 233% <07% ;3 : 267% )

Size 12 (<2m} Mean Grass Interference Class Values ( |0 <235% Grass
[nterference of Available Bottles : 2: 233% <530% : 3 : 250% <75% ;
4: =75

Stze 12 (<2m) Meun Grass Interference Cluss Values (1 <20% Grass
[nterference of Available Bottles 1 20 =20% <40% ;3 1 =240% <60% :
4:260% <80% ;5: =80% )

Size 2 (1-2m) Meun Grass [nterference Clasy Values (1 7 <50% Grass
Interference of Avaiduble Bottles ; 20 230%

Size 2 (1-2m) Mean Grass Interference Class Values (1 1 <33% Grass
Tnterference of Availshle Battles ; 2: =33% <67% ;3 : 267% )

Size 2 (1-2m) Meun Grass Interference Class Values (1 0 <23% Grasy
Interleeence of Available Bottles ; 2: 225% <50% ;3 : =250% <75% ;
4: =275)

Size 2 (1-2m) Men Grass Interference Class Values { | @ <20% Grass
Interference of Availuble Bortles ; 2: =20% <40% ;3 : =40% <o60% ;
4 =60% <B0% :35: =80%)

PLOT PHYSIOGNOMY

DENI
DEN2
" DEN3
. DEN4

DEN

Total density of Trees (nf/Ha) of size elaxs | (< 1m)
Total density ot trees (nfTree) of size class 2 (1-2im)
Total density of trees (nfTree) of size class 3 (2-4m)
Total density of trees (nf/Trees) of size class 4 (> dm)

Total tree density ol trees in plot {(n/Hx)

-
&4 PLOT BROWSE BOTTLE DENSITIES

- TBI

TB2

. TB3
- TB4

- TB1234

FBI

FB2

Total Browse Bottles available on Size [ trees (<Im) expressed in

Bottles/Ha

i~

Total Browse Bottles available on Size trees (1-2in) expressed in
Bottles/Ha
Total Browse Bottles available on Size 3 irees (2-dm) cxpressed in

Bottles/Ha

Total Browse Bottles available on Size 4 trees (>4m) expressed in
) Bottles/Ha

Total Browse Bottles availsble on all trees expressed in Bottles/Ha

Free Browse Bottlex (e, mt hidden hy prass) available on Size | trees
(< 1m) expressed in Bottles/Hu ’

Free Browse Bottles avatlable on Size 2 treex (1-2m) expressed in



et b

e

FB1234

Bottles/Ha

Free Browse Bottlex availuble i all frees expressed in Bottles/Ha



Records in UM contain summary data for cack of the 2354 unique spize:phot combinutios records in the North

Western Umfolozi Gume Reserve 1989 Grid Study Area,

" NAME

ReeNum

-

Plot
Species
Size
Spize
N/Plot
DENxx
X/B/T

TB/Plut

TDBxx

FB/Plot
I FBxx
HB/Plnt

. HBxx

5
= G.Interf

GRASS2
GRASS3
Z GRASS4

GRASSS

BBQ

VARIABLE DESCRIPTION

Record Numher (1 to 2354)

Plot name (Alphanumene 001 - 242)

3 digit acronym for species name. Genus (2) + Species (3)
Size Clags (1:<<Im ; 2: 1m-1.99m; 3: 2m - 3.99m : 4d:=4dm)
Coneatenation Species + Size (6 digit acronym)

Nuamber of individuals per Plot { =300m®)

Tree densily (nf '/ hectare)

The mean aumber of hottles per individuad tree

Total Botties in the plot within reuch of black rhino { Available), Foliage nn
spindly individuals which enuld be pushed pver was clussed as avalable.

Total Battles/ '/ ;Ha within reach of hh_luk rhino (Avatlable). Foliage on
spindly individuals which could be pushed vver was classed as avatlable,

Free Bontles!Plat nat hiddden by grass (TB/Plot-HB/Plot).
Free Buttles! '/, »Ha not hidden by grass.

Bottles hrdden by urass / plot (on trees < 2m).

Bottles hidden by wrass /Y Ha (an trees < 2m).

Grass Intercference - Mean estimated percentage hrnwse hidden by grass per
Spive (for trees <2m)

Grass Interference Class Values (11 <50% Grass Interference of Available
Bottles ; 2: =50%

Grass [nterterence Class Values (11 <33% Grass Interference of Available
Bottles ; 2: 2339 <07% ;3. =67% )

Grass Interference Class Values (11 <23 % Grass Interference of Availabic
Bottles ; 2: =25% «<50% ;3 : =50% <75% ;4 =75)

Grass Interference Class Values (11 <20% Grass Interterznee of Available
Bottles ; 2: 220% <40% : 3 : =240% <60% : 4. =260% <80% ;5 :
=80% )

Braun-Blanyuet Score with minor classes lumped inclass 1 (1: €5 % Canopy
Cover ; 2: 5-25% : 3: 25-50% ; 4: 50-73% und 5: > 75%)



o

Cover

NnoEAT
NnEAT

NoEAT

~Neld

Nnew

Null

BnEAT

BoEAT

BallEAT

Ballxx

. Nalbxx

© BOxx

RN L e

Pt

NIRRT

BNxx

BBQ scure % caver value {cluss runge mid paines)

The number of individua] trees and bushes with stens of oy "ald” {grey)
and "pew” {light] hrowsing by black rhina.

The number of individuals with signs of ewdy “new” (hight) browsing Ly
back rhina.

The numbher at individuals wath signs of ealy "old” {grey) hrowsing hy black
rthino.
The number of individuals with signs of "old” (grey) hrowsing by black

thino.

The number of individuals with signs of "new” {light) brawsing hy hlack
rhina.

The number of idivideal trees and bushes with signs of browsing by hlack
thino.

The fotal number of “new” battles eaten in the piot per spize
The tota] number of "old" botiles caten in the piot pec spize
The tatal number of "new” and "old" hottles eaten in the plat per spize.

The tntal number of “new” and "old" baltles euten per spize per
' wheetare,

The number of tndividund trees and bushes with sigos of browsing by black
rhina per '/ g hecture.

The total number of "old* bottles eaten per spize per '/ hectare,

The totai number af "gew” hottles enten per spize per ' Sheciare,



Records contain sumn‘m-ry data for each of the 187 different platx in the NW Umtalozi Grid Susvey Study Area.
The recerds can be sub-divided into hroad datu categories.

NAME VARIABLE DESCRIPTION

. PLOT NAMES & NUMBERS

T3
UOrignum Origind Plot Numher {Numerie { - 187y
Plotnum Piot number (Numeric 301 - 487)
Plot Plot name {Alphanumeric 301 - 487)

PLOT LOCATION

Xcoor X Coordinate from Grid used for mapping (1 unit = distance hetween geids
= 500m)

Yeoor Y Coordinate from Grid used For mapping (I vnit = distance between grids
= 500m)

PLOT ALTITUDE, SLOPE AND ASPCECT
Alfitude Altttude (;'n] tuken fron: Orthophotos

: AltGtRev Piot altitude above the lowest altitude recorded along Black Umiblozi River
in the study area (taken from Orthophorto™s).

" North Fuzzy Coding of Dummy Variabie for Morth tacing slopes (Slope = 1) :
Narth = | North-East and North-West = 0.5 '

- East Fuzzy Coding UfDI.l;‘ﬂll])’ Variuble for East tuving slopes (Slope = 1) : East
= | Norh-East and South-East = 0.5 :

7

=

- South Fuzzy Coding of Dummy Variable for South fuciog slopes (Slope = 1) ¢
Sauth = | South-East and South-West = 0.5

West Fuzzy Coding of Dunmy Variable for West facing slopes (Slape = 13
) West = [ North-West and South-West = 0.5
=4 Slope A categorised variable (00 Flat ¢ 1 Gentle > Smm hetweend 5m confours

next to plot on orthaphoto measured at the anvle of the main slope (ie not
along transect) ; 2; Medium > 2imn but <Smm ; and 3 @ Steep <2mm )

BLACK RHINO BROWSING AND SIGN IN PLOT

NCnEAT The number of individual trees and bushes per plot with sigas of hoth "old”
(2rey) and "new" (hight) browsing by hlack rhino.



NowEAT

OnEAT

- NBut

2
EAR Y

n

-
-
»

A

OBot
IQOBnt

OLDn
NEWnL

ALLn

The sumber of individuals per plot with signs of onfy “new” (light)
hrowsing by hlack rhino.

The number of individiads per plot with signs of only "old” (grey) browsing
by biack rhino.

The tetal number of "new” buttles eaten per plot

The total number of "old” botties eaten per plit

The total number of "new” and "old" bottles euten per plot

The pamber of individaal trees and bushes per plot with sipns of "oid”
(urey) browsing hy black rhino.

The number of individuals per plot with sigas of "new” (light) browsing by
hlack rhino.

The number of individuals pee plat with signs of browsing by hlack rhino,

FIRE HISTORY

Ff55t64

F16571
F{72(79
© Fr80t88

Fire88

Ff55188

Fire Frequencies far the period 1955 10 1964 - Duta extracted from NPB
harn mups. :

Fire Frequencies For the period 1965 to 1971 using methods outlined above,
Fire Frequencies for the period 1972 1o 1979 asing methods outlined above,
Fire Frequencies fur the period 1980 to 1988 ustny methods outlined ahove,

Dununy Variabie for Fire the year before measurement. (Plots which fell
on a hirn houndary vr were listed as a Patchy burn were counted as 0.5)

Fire Frequencies for the period 1955 o 1988 using methods outlined ahove.

" GRASS INTERFERENCE

GrassHi

HBI2

HEL

- HB2

GrassInt

GINTI

GINT2

Maodal plot grass heigbt (em)
Total number of bottles on trees <2m hidden by grass (Bottles/Ha)
Tuotal number of hottles on trees < Lm (Size 1) bidden by grass (Botties/Ha)

Total number of hottles on lrees <2 but > Im (Size 2} hidden by grass
(Bottles/Ha)

Mean % Gruss Interference (Total HB/Plot expressed as a % of the tatal
TB/Plot on trees < 2m).

Mean % Grass Inlerference on trees < I

Mean % Grass [nterference on trees [-2m



Gl
Glc}

Gled

PR GICS
Glza2
Gl2ed

Gl2ed
Gl2¢5

G2e2
G243

CG2ed

G2e5

F
]

Size T (<{m) Mexn Grass {nterferenve Class Values { [ ;1 <30% Grass
Interference of Avatluble Battles © 2; =50%

Size | (<Im) Mean Grass Interference Class Values (| 1 <33% Grass
Interterence atf Availuhle Battles ; 2: =33% <67% :3: =267%)

Size 1 (<1m) Meun Grass Interference Class Vadues { 11 <25% Grass
Interference of Available Bottles ; 2: 225% <50% (3 : =230% <73% ;
4: =73)

Size | (< {m) Mean Grass Interference Class Values (1 @ <30% Grass
Interference of Available Bottles ; 2: 220% <40% ; 3 : 240% <60% ;
4; >60% <80%,5: =80% )

Size 12 (<20 Mean Grass [nterference Class Values { [ @ <350% Grass
Interference of Avaitlable Bottes ; 2: =50%

Size 12 (<2im) Mean Grass Interferenee Class Values ( [ : <33% Grass
laterference af Avadable Bottles | 22 233% <67% 1 3 : =267%)

Size 12 (< 2m) Meun Grass lanterfercnee Clasy Values (1 2 <23% Grass
Interference of Available Battles ; 20 225% <30% ; 3: =50% <73% ;
4 =735)

Size 12 (<2m) Mean Grass Interference Class Vadues (| 1 <20% Grass
Interference of Availahle Bottles 1 20 220% <40% ; 3 : =240% <60% .
4. =60% <80% ;35: =80% )

Size 2 (1-2n1) Meun Grass Interference Class Values (1 1 <50% Grass
Interference of Avalable Bottles ; 20 =350%

Size 2 (1-2m) Meun Grass Interterence Class Values {1 0 <33% Grass
Interference of Available Bottles ; 2: 233% <67% :3: 207% )

Size 2 (12m) Mean Grass Interferenee Class Viluwes (| 1 <25% Grass
Interference of Avalahle Bottles 3 20 =25% <50% ;3 - =50% <75%
4. =75

Size 2 (1-2m) Mean Gruss Interference Class Values ([ <20% Grass
Interterence of Availubile Bottles 1 2 =20% <40% ; 3: =40% <060%
4 =260% <B8Q% :5: =80% )

" PLOT PHYSIOGNOMY

DENI
DEN2

- DEN3

Iy

1

- DEN4
TOTDEN
DENIxx
DEN2xx

DEN3xx

Total density of trees (n/Ha) of size class | (< 1m)

Total density of trees (nfHa) af size class 2 ([-2m)

Total density of trees (n/H) of size class 3 (2-4m)

Total density of trees (n/Ha) of size class 4 (>4dm)

Total tree density of trees y plot (nfHa)

Tatal dc‘nsity of trees (n per M, hectare) of size clase | { <1m)
Total density of trees (n per '/, hecture) of size class 2 (1 2m)

Total density af trees (n per V/,,; hectare) ot size class 3 (2-4m)



DENdxx

TOTDENxx

Total density of trees {nper '/ hecture) of size class 4 (> 4m)

Tatal tree density of trees in plot (n/per Y o hectare)

PLOT BROWSE BOTTLE DENSITIES

TBI

et o

B2

TB3

Th4

TBI234

FB1

FB2

FB1234

. TBlxx

" TB2xx

TB3Ixx

A

¥

_ TBdxx
TBi23dxx

- FBlxx

Cabye

FB2xx

FB123dxx

Total Browse Bottles avulable on Size 1 trees (<im) expressed in
Bottles/Ha

Total Browse Bottles avuilable on Size 2. trees {1-2m) expressed in
Bottles/Ha
Total Browse Bottles availuble on Size 3 trees (2-4m) expressed n

Bottles/Ha

Totul Browse Bottles available on Size 4 treex (> 4m) expressed in
Bottles/Ha

Total Browse Bottles available on all trees expressed in Bottles/Hu

Free Browse Bottles (ie. not hidden by grass) available on Size | trees
(< 1m) expressed in Bottles/Ha

Free Browse Bottles availabhle on Size 2 trees (1-2m) expressed in
Battles/Ha

Free Browse Boitles available on all trées exXpressed in Botiles/Ha

Tatal Browse Bottles avadable on Size | trees { < 1m) expressed in Bottles
per '\, heetare

Total Browse Bottles avatlahle on Size 2 trees ([-2m) expressed in Bottles
per ' hectare
Tota] Browse Bottles availuble on Size 3 trees (2-gm) expressed in Bottles

per ', hectare

Total Browse Bottes available on Size 4 trees {>4m) expressed 1 Battles
per 'Y,; hectare

Tata] Browse Bottles available tn all trees expressed in Bottles per 'Yy,
hectare

Free Brawse Bottles (1e. not hidden hy grass) available on Size | trees
{ < {m) expressed in Bottles per '/, hectare

Free Browse Bottles available on Size 2 trees (F-2m) expressed in Botiles
per ', hectare

Free Browse Bottles available on afl trees expressed in Bottles per '/
hectare

187



RETH -
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e

I_iccords contain sunmary data tor each of the 7005 unlque spize:plot:reserve combinatian records in both Grid
study areas. The paoled variables are not listed here as thetr names are self-explanatory, and the same as those
tn the files above.

Records contain summary data for each of the 429 different plots in hoth Grid Study Arcas. The poaled
variables are not listed here as their names are self-explanatory, and the same as those in the files above,



APPENDIX 5.1 : AN EXAMPLE OF A RESOURCE OUTPUT FILE

An example RESOURCE output file follows. The file was generated during a resource level analysis of Braun-
Blanquet abundance data for woody plants in Hluhluwe Game Reserve in 1989, Data were collected on 124
specics in 242 plots. Data were collected separately for four size classes 1: SMALL (Less than 1 metre high) 2:
MEDIUM (From 1 to 2 metres high) 3: INTERMEDIATE {From 2 to 4 metres high) 4: TAL. {Greater than 4
metres high), Data on the volume of total browse volume/spize/plol were available us were measures of the
browse volume hidden by grass/spize/plot.

To help understand the output, & summary of the salient features of the report precedes the actual output file:

The original data set contained 4651 records (wnique spize/plot combinations). The species summary data set
contained 2893 records (unique speciesfplot combinations).

The combination weight was selected, and critical Drop and Passive weights were set at 0.25 and 0.4 respectively.
24 species were not down weighted, and a total of 47 bad down weights greater than the critica] passive weight.
RESOURCE temporarily dropped 304 records of 77 species with down weights less than 0.4,

The 47 non passive species were then sabdivided into a possible 419 different spizes generating a data set with
15404 possible spize records. RESOURCE then selected 4072 spize records and dropped the remaining 11332,

Potential resource records and the temporarily dropped species summary data were then added back to the 4072
spize records, to give a resource database with 6748 records. 185 records of 66 rate species were then dropped
from this data set, as their down weights were all less than the critical drop value. RESQURCE then cxamined
remaining 6563 possible resource records and selected 4191 of them for inclusion in the final output data set, A
total of 130 different resources werc included in the final resource output databasc.

The Aberrant Index 1 (calculated using all origina] data) was selected and critical drop and passive values were
set at 40% and 60% respectively. In this case the option NOT to drop aberrant sites from the data set was
selected, Twao plots (218 and 222) were identified as deviant, with site weights almost a quarter of the maximum
possible site weight (26.21% and 27.43 %). Note that their numbers (PlotNum column) remained the same as their
names (Plot columm) - This would not have been the case had the two deviant plots been dropped. A further six
plots, had an aberrant indices less than 60% (but zal! six were abave 50%).

To summarise the output 66 of the original 124 species were dropped from the final output data set as they were
classed as rare (eg. achurx2 = Acacia burkea all sizes lumped - the suffix x2 means there wore no size class 2
acbur's in the data set). RESQURCE recommended that a further nine species should be made passive in
subsequent analyses.

The 130 resources which were included in the fina] cutput data set occurred a hierarchy of resolutions from a
broad species level through to a fine resource level. From a broad to fine level the categories, examples of each
category of resource included are :

1) Less common species which RESQURCE recommends should be made passive in subseguent analyses {eg
acgerx0 = Acacia gerrardii) 2) Species for which there are sufficient data to be actively included in subscquent
analyses, but not enough data to suhdivide further on the basis of size class (eg facapx( = Fagara capensis). 3)
Lumped spizes where data have been pooled for different size classes, but there are insufficient data to subdivide
the data into their original size classes (eg accaf34 = Acacia caffra greater than 2 metres high - In Huhluwe there
are only a few Acacia caffra’s over 4 metres, and then oaly just. Therefore the size grouping in this case makes
ecological sense. 4) Individual spizes (eg accafl = Small Acada caffra's less than 1 metre high - Acacia caffra
areas generally have tall grass and this explains why RESQURCE conciuded there was not enough data to
subdivide either of the smaller accaf's further according to grass interference). 5) [ndividual resources (eg acnil 1H
= Small Acacia nilotica’s (less than 1 metre high) with high grass interference (more than half’ the available
browse hidden by grass). In this case, the weights indicate that both small Acacia nilotica and Acacia karoo less
than 1 metre high occurred more commonly occusred with high rather than low grass interference.



15.12.91 Standard Report

Braun-Blanguet values {1-5) extracted from table rawdat
4651 original records
242 different plets in raw data-set

2893 different species summary records in data-set
124 different species in data set

Weight selected = Combination Weight

Species.,...Downweight

achur .05
accaf 1
acger 317
acgla T7b
acgra 019
ackar 1
acnil 1
acrob 1
acsch 014
acson 196
almar 002
aspar .98
azrtet 005
be luc .028
fenat 014
bezey 1
caaet 374
caine 776
canth .002
casep 014
caspp 014
cator L 155
catra 002
ceafr 948
chari 374
clani .098
cipul 287
cocaf 1
cogre 009
cohar 014
comol 517
crcap . 002
crodo 7
ersyl 07
cucap 014
cuspp 005
daarm 098
daobo 575
dicin 1
dilyc 1
diesp 103
disim 1

diwhy .op2



15.12.91 Standard Repart
Page 2

Comments

dobur 531
doeaf &03
dorot 1
enspl 259
erema -006
errig 69
eucri 1
eudiv 1
eugna 031
eunat 431
eushi 1
facap .805
fison .0o2
fispp 014
fisur .00%
fisyc .00z
forb 005
gatra 546
geran 012
gomph 007
greaf .025
grflv 006
groce 261
hacaf .005
henat 546
hibis 287
hipau 76
indig 019
krflo 1
lijav 1
lyciu .006
macon 047
madis .09
mahet 862
manem 1
masen 1
medid 039
mocaf 202
oconat .025
orbac .003
ortri .0Gs
czeng .002
pacap .316
pagol 12
peafr 093
phret 805
plarm 1
pscap -002
rhehi .546
rhgue 004
rhmac B91
rhpen 1
rhrho 002
rhspp 112
rhtom .019



15.12.91 Standard Report
Page 3

Comments

schir .718
scbra 76
SCMYI 1
scsp 002
stzey 805
seses 019
siine 1
solan 1
spafr JTAT
stinn .002
stmad .003
tacam 008
teger 006
tenat 003
thacu 019
trgla 005
trori 062
tufle 00z
unkne 186
verno P48
vihav 003
vimar 002
xerud 862
xicaf 224
zimug 1

Critical drop Weight set at .25
Critical passive weight set at .4

304 records of 7 species temporarily dropped

419 spizes in non-passive spize data set

47 non-passive species in spize data set

4072 spize combination records for the non-passive
species selected out of a possible 15404 records

Resource processing aption selected
6748 potential resource records examined

185 records of &6 resources will be dropped
After dropping rare resource records.....

4191 resource records in final data-set
With a total of 130 different resources

Plot FullDownWt Aberrant I1 DownWt Aberrant 2
001 16.565 65.02% 16,545 8. 79%
002 10.92 68,25% 10.679 89%
1]1X1 16.199 95.29% 16.199 95.29%
004 13.192 87.95% 13.192 87.95%
005 13.788 65.66% 13.788 65 .66%
004 6.167 A8.1% 6.167 88.1%
o007 3.603 90.06% 3.603 20.06%
008 13.522 84.51% 13.522 84.51%
009 13.923 99.45% 13.923 99.45%

¢io 14.487 96.58% 14,487 56.58%



15.12.9%

Page &

Comments

oan 6179
mz 12.259
013 15.872
014 23.326
015 17.333
016 23.947
017 10.609
018 16.936
o9 19.691
020 4,276
021 9.237
022 17.782
023 25.102
024 22.505
025 13.095
026 20.763
27 &.212
028 19.103
Q29 11.686
030 9.333
HEY 14.942
032 21.795
033 32.44
034 15. 481
035 27.534
036 17.372
037 37.769
038 5.962
039 30.549
040 13.66
041 14.378
042 10.782
043 11.292
1147 20.485
045 12.897
046 16.297
047 18.404
048 12.705
049 33,578
050 16.34
051 13.115
052 .11
053 8.978
094 5.205
055 39.5562
056 22.188
057 10.244
058 14.724
059 15.214
050 Q.84T
081 17.449
052 30.626
053 18147
(&4 18.814
055 36.606
066 34.444

75.02%
B7.31%
94.38%
88.74%
95.5%%
B9.89%
93.33%
93.35%
94.76%
B3.11%
37.34%
B0.98%
91.43%
B7.84%
99.36%
92.57%
97.97%
BY.86%
§9,.85%
62.73%
75.87%
B5.98%
B5.77%
92.02%

84.7%
P0.75%
77.81%
B7.44%
75.92%
31.61%
86.75%
76.08%
85.34%
64.02%
86.561%
80.08%

87.7%
91.84%
92.81%
B6.42%
94.07%
91.51%
93.45%

Standard Report

21.8%1
13.0%96
20.763

6.212
19.103
11.686

9.333
14.942
21.795
31.872
14.359
27.442
17.372
37.769

5.962
30.481

13.66
14.378
10.782
10.923

20.25
12.897
16.269
18.404
12.705
33.532

16.34
13.115

9.083

8.833

5.205

39,244

22.044
10. 244
14.667
15.214
9647
17.449
30.462
18.147
18.814
356,442
36.423

87.44%
82.58%
88.33%
86.75%
87.21%
88.18%
&4,.02%
N.67%
80.08%
87.7%
91.84%
95194
86.42%
9. 07%
93.49%
95.85%



Page

15,12.91

5

085
087 -
089 -

o
092
093
094
095
D96 ™
07
098
099
100
101
102
103
104
105
106
107
108
109
110
in
112
113
114
115
118
117
118
119
120
121
122

'37.283

41.147

22.447

29.083
21.423

37.45
49.864

8.868
16.462
24,226
13.661

- 23.263

20,218

8.681
34.887
38.572
43.009
33.167
46.455
42.256

7.917
29.282
17.121
19.008
12.731
18.538
15.571
20.661
20,147
17.808
24.933
29.996
30.724
29.306
20.801
48.621
42.994

86.52%
62.09%
89.47%

- 91.9%

78.92X
87.22%
80.36%
84.33%
97.55%
92.91%
89.91%
87.96%
88.73%
T4, 44K
86.44
97.93%
86.28%
86.5%
79.47%
91.58%
65.96%
75.56%
81.67%

76.81%

73, 26%
00.44%
83.83%
91.48%

Standard Report

29.083
21.423
37.641
49.864

8.868
16.462
24.135
12.518

- 23.263

20.218

B.66
34,885
38.256

43

33,167
46,455
42.256

7.917
29 _282
i7.112
18.69%
12.731
18,538
15.571
20.496
20,147
17.609
24878
29.923
30.724
28.821
20. 801
48.538
42.994

B7.91%
90.756%
89.45%
85.21%
83.1%
93.14%
91.81%
92.34%
88.68%
96.83%
92.83%
78.24%
B9 .4T%
91.9%"
86.6%
B9.45%
88.97%
86%
97.55%
92.91%
89.91%
87.96%
28.73%
81.48%
93.49%
97.93%
88.28%
86.5%
81.99%
91.58%
73.37%
82.93%
83.12%
76.81%
80. 06%
90.44%
88.25%
91.48%



140
141
142
143
144
145
146
147
48
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

Standard Report

88.99%
94 .96%
93.38%
84.94%

86. 7%
82.19%
90.89%
95.95%
B9 _22%
87.21%
79.79%
86. 64%
82.48%
90.57%
91.24%
94 .89%
85 8%
88.68%
90.63%
84.27%
94 .44%
81.15%
82.91%
53.38%
78.39%
94.16%
93.91%
98.92%
$0.79%
79.69%
a8.65%
99.36%
76.77%



217

218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

18.701
17.224
25.783
54.31
24.198
39.462
40,131
1B.635
32.304
20.699
26,061
20.513
12.212
11.295
14.032
14.321
11.726
1M.462
14.205
2.848
11.865
10.537
8.368
6.994
6. 264
10. 289
14.853
32.518
40. 446
6.74
18,442
12.045
13.109
16.455
11.159
10.005
5.807
18.314
17.555
4,979
12,016
10.563
2.564
7.953
9.25
14 .B14
12.66
26.038
4,932
16.564
26.074
17.006
22.333

11.327

17.006
17.66

90.32%
67.22%
83.96%
91.21%
98.08%
89.73%
94.09%
B9.11%
93.24%
87.23%
BO.68%
73.65%
68.¢%
$0.19%
ag.17%
4. 7%
56.96%
F1.27%
61.98%
B3.68%
99.91%
78.3%
68.6%
92.83%
B3.38%
89.88%
84.¢5%
83.83%
92_65%
F3.64%
91.42%
85.85%
90.96%
B9.15%
¥1.57%
67.52%
26.21%
59.16%
52.81%
85.47%
27.43%
84.09%
87.14%
V7. 3954
86.79%
82.2%
B2 .B2%
92.58%
77.3%
89.33%
94.30%
P4 . 48%
88.3%

Standard Report

24.071
17,006
22.333
11.327
17.006

17.&6

92.29%
94 .09%
91.99%
93.24%
87.23%
80.68%

- 73.85%

74.05%
90.19%
a8.17%

$4.7%
70.51%
91.27%
74.B6
83.68%
99.91%
89.09%
71.86%
92.83%
96.83%
91.59%
96.15%
83.83%
92.65%
93.64%
91.42%
92.97%
90.96%
89. 15%
91.57%
74.98%
48.95%
75.11%
7r.22%
85.47%
46.25%
84.09%
87.14%
97.3%%
86.79%
98.5%9%
B2.82%
92.58%

77.3%
89.33%
94 . 39%
94 .48%
88.3%



Fage B
Comments
235 13.429 95.92%
236 6.939 86.73%
237 25.958 92.71%
238 16.712 98.3%
239 20.324 84 ,68%
24D 27.564 ©5.05%
241 &.243 &2.43%
242 15.801 87.78%
RESQURCES FNCLUDED
Resource Weight
accafi 962
accaf2 1
accafls 1
acgerx( 385
acgla) 641
acglag 737
acglad4 L4469
ackar1H 1
ackarilL 897
ackarzH 545
ackar?l 1
ackar3 1
ackard L8465
achil i i
achiliL NI
acnil2 1
acni 13 1
acni 4 1
acrobl 929
acrobz3 13
acrobd .545
bezeylH 62
hezeylL 1
bezey2 1
bezey3 1
hezeys 1
caaetx A7
cainex0 865
ceafrx0 1
charix0 AT
clpulxé 321
cocaf 1
cocaf2 1
cocaf3é 904
comolx0 577
crodox0 256
daocboxD 641
dicinid 1
dicinil 1
dicing 1
dicinds 1
dilyciH .B01
dilycilL .929
dilyc2 ]
dilye34 LB97

Standard Report

Resourcelum

98.99%
92.71%

98.3%
§2.16%
95_05%
87.59%
92.61%



APPENDIX 20.2

QUANTIFICATION OF VEGETATION CHANGES ON AERIAL PHOTOGRAPHS

BOURQUIN & HITCHINS’ ANALYSIS

Aerizl photographs for 1936, and 1961 and 1969 were used to map apparent differences in the vegetation,
Although not quantified, a visual comparison between the aerial photographs of 1936 and 1969 showed an
increase in the area covered by woody plant communities (Bourquin & Hitchins 1979) and confirms the difference

between the vegetation maps of Henkel and those of Hitchins,

KINGS’S ANALYSIS

Kings'(1987) analysis of the 1937, 1954, 1960, 1975 and 1982 aetial photegraphs (discussed in more detail in
chapter 16) documents how woody plant canapy cover in Hluhluwe increased greatly since 1937 with the area
of forest and especially "scrub” more than doubling from 1937-82 (increasing from 22.0% to 48.5%).

By 1982, thicket/closed woodland (King's "scrub® category) covered 32.2 % of Hiuhtuwe - an area 3.27 times

greater than in 1937, with the area of forest increasing by 33% from 1937-82.

According to King (1987) the arca of forest and "scrub” vegetation in Hiuhluwe increased from 22 % in 1937 to

25.6% in 1954 to 34.5% in 1960 to 42.4% in 1975 and to 48.5% in 1982,

The biggest increase in King’s "scrub” category occurred between 1954 and 1960 indicating that most of small
encroaching Acaciay probably became established earlier (colnciding with a period with very few fires). This is
corroborated by the literature (see earlier) which indicated that the obvious rapid encroachment in Hiuhluwe took

place from 1949.



Whalcley produced a vegetation map for Hiuhluwe dated 1975. Details of the fieldwork and community
descriptions plus simplified maps are presented in Whateley and Porter (198'3)‘ The different landscape units were
identified on aerial photographs using a stercoscope. According to the authors, ficld work was extensive, with
large areas being traversed on foot in order to fix boundaries of the various plant communities. A total of 166
PCQ transects were also undertaken within what the authors termed "representative" examples of each community.
Fieldwork and the compilation of the Hluhluwe and nerthern Corridor section of this map was completed in 1975,

The Hiuhluwe section of the map was inpart hased on the 1969 aerial photographs of the area (Whateley & Porter

1979).

Figure 20. 14 presents the proportional area of the Map study area made up by Whateley and Porter’s different

vegetation comnmnities,

- In contrast to 1937 when 75 % of the Map study area was classificd by Henkel as grassland, Whateley’s

1975 map indicates that only 7% of the Map study area was grassland,

- In 1975 thicket communities (light grey) accounted for almost 40% of the Map study area with

A-karroo and D.cinerea being the dominant species.

- In 1975, woodland accounted for a further 41 % of the area with 4, nilorica woodland (21.5%) and

A.karroo woodland (16.0%) being the dominant forms.



maps) suggests 1) that either the extent of woodland and forest did not change over the period (unlikely) or 2)
that the maps most accuralely reflect changes in scrub and grassland;  and in particular 3) that Iittle confidence

should be placed in the apparent lack of change in the woodland areas on these maps.

Table 20.2 quantifies the changes in vegelation revealed by the analysis of the 1960, 1970 and 1973 maps, and

focuses on the areas of scrub and grassland in 1960 where most of the changes togk place.,

- While grassland covered just over three-quarters of the Map study area in 1937, by 1960 it accounted

for only about a third of the area.

- "Dense vigorous scrub” was the most common vegetation type by 1960 accouating for about 45 % of

the area, although much of this area was subsequently bushcleared,

- Between 1960 and 1970 there were major vegetation changes in the Map study area with grassland
increasing from 32.4% to cover 72.3 % of the ares in 1970, with the amount of “dense vigorous scrub”

declining to cover only 3.5%.

- By 1973, the amount of scrub was once again increasing to cover 29.3 %, with an additional 3.6% of
M. senegalensis and other species woodland. Between 1970-1973 the arca of grassland correspondingly

decreased from 72.3% 10 4].4% of the Map study area,

The analyses of these maps confirm the conclusions at the 1979 vegetation dynamics workshop (Maédonald et
al 1979) that followiny initial clearing in the A. karroo areas and game control, the areas opened up to thicken up

again in the mid 1970s.

WHATELEY’S 1975 MAP



symbols (grassland) or marked as scattered pockets of "Open Treeveld - former savannah” reflecting the intensive

clearing operations in these areas just prior to the map being drawn.

Despite same of the detail in Ward’s 1961 vegetation map of Hluhluwe being lost during printing (especially the
location of thicket communities), it was not possible to quantify the proportional contribution of different
vegetation types on this map. However it was possible to discern that much of the areas that later became

dominated by A.nifotica woodiand was marked as *Open Treeveld” on Ward’s map.

Dr Orty Bourquin {pers.comm. )} showed me his annotated copy of Ward’s map on which he had colour shaded
the dominant woody species (sometime from the mid 1960s to 1970). Stands of A.karroo (size not specified) were
present in some areas (Ngqungulu valley, foot of Gontshi hill, part of Hidli vlei and parts of Maszimbomvu

valley).

HITCHINS’ 1960, 1970 and 1973 MAPS

Three maps were found whjch_covered the san;le area, and based on the handwriting on them, it is clear they were
drawn up by Peter Hitchins. The existencs of these maps was also referred to in Bourquin and Hitchins (1979).
The 1960 map was based on aerial photographs (Job442 Strip 8) while the 1970 map was derived from aerial
photographs (Job 608 - 1969 Strips 11 and 12) plus fieldwork. The 1973 map has a key covering all vegetation
types and aiso showed the location of Hitchins® vegetation belt transects. Based on comments in Bourquin (1969)
and Bourquin and Hitchins (1979) it appears Hitchins did most of the fieldwork, and that the maps may have been

jointly produced by Hitchins and Bourquin.

The arca covered by the other vegetation types in the Map study area (with the exception of Acacia nilorica
woodland whichincreased in extent from 12.0% to 15.6 % from 1970-73) somewhat surprisingly remained exactly
the same on all three maps (T;ah]e 20.2). This, and the fact a further professionally reproduced map appended
to Bourquin and Hitchins® 1375 paper (presented at the Vegetation dynamjcsl workshop) only showed changes in

the extent and distribution of dense vigorous scrub from 1960 and 1970 (taken directly from the 1960 and 1970



included E.racemosa/B.zeyhert lowland forest, A.nilotica woodland, A.caffra hillslope parkland/thicket,

A.robusta riverine, and E. divinorum woodland, S.africana thicket, S.africana woodland, A. glabrata thicket ).

HENKEL’S 1937 MAP

The first vegetation map covering the original area of Hluhluwe Game Reserve was produced by Henkel (1937)
bascd on fieldwork in 1936. Downing (1980) planimetercd this map and estimated that in 1937 grassland covered

49% of the area, lowland serub 28%, forest 12 %, alluvial sand communitics 6% and rivenine forest 5%." - -

Figure 20.13 gives the breakdown of vegetation types on Henkel’s map in the Map study area indicating that the
Map study area was more open than the rest of Hluhluwe as grassland covered 78 % of the Map study area in
1936. This can be contrasted with Figure 20.14 which shows that by 1975, grassland had declined to cover only

about 7% of the Map study area.

WARD’S 1961 MAP

C.R. (Roddy) Ward’s mup was dated 1961, and entitled "Sketch Map of Hluhluwe Game Reserve and Environs”
and was based on 1:50,000 sheets, aerial photographs (jobs 332 and 442) and field work. Tt was drawn up in the
year of the black rhino die-off, and soon after much of the extensive initial A.karroo bush clearing in the north-

east of Hluhluwe,

Unfortunately much of the detail was fost in the reproduction of Ward’s original 1961 map ,and it is not easy
to distinguish between a number of his vegetation categories. In particular, it was not easy to distinguish betwcen
the"drier more open communities” named "Senn-deciduous forest patches through dense bush” and “"Scrub
communities”. However it was possible to distinguish categories “Coastal Evergreen Close Forest® and “Open
Treeveld (former savannah)”. Areas with no symbols were presumed to be grassland. Most of Magangeni,

Ngquongulu, Hidli, and bottomlands parallel to main Memorial Gate entrance road appeared to be mainly without



APPENDIX 20.1

QUANTIFICATIOM OF AREA COVERED BY DIFFERENT VEGETATION TYPES IN PAST MAPS CF A
STUDY ARRA IN THE NORTH EAST OF THE HLUHLUWE GRID STUDY

METHODS

Vegetation changes on five available maps from 1937-1975 were quantified using a "dot-grid” analysis (Norton-
Griffiths 1979, Lamprey 1985, Dublin 1991). Transparent sheets with dots in a regular pattern were overlain onto
the vegetation maps. To quantify the propostional contribution of different vegetation types within each map,
the numbers of dots falling within cach vegetation type were counted within the Map study area (Figure 4.2)
crossing out each d‘ot counted with a marker pen to prevent deuble couanting. Although not ag accurate as a
planimeter or GIS approach (A planimeter was not readily available, and all maps had not been digitised) this

simple method was fast and adequate to reveal the gross trends that had cccurred in the periods batween maps.

MAP STUDY AREA

Some of the past vegetation maps only covered a limited area of north east Hluhluwe, while others covered the
whele reserve. To facilitate comparison, a Map study area (Figure 4.2} was chosen and the results refer fo thas
area, and not necessarily to the whole area of each original \;fegetatiOn map. The Map study area was defined as
the 84 % (1,850 ha) of the area covered by the 1960, 1970 and 1973 vegatation maps drawn up by Hitchins that
overlapped that of the Grid study area. The Map study area covers the north-gastern 38 % of .the bigger Hluhluwe

Grd Study area (4,900ha).

The vegetation commumnitiss occurring in the Map study area were not representative of the vegetation throughout
the whole larger northern Hluhluwe Grid study area. Most of the A. karroo dominated hillslope and lower-lying
black clay areas that have been bush-cleared fall within the Map study area, and this section of Hluhluwe was

also the area where many black rhinos died during the 1961 die-off. Other communities that are under-represented
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15.1¢2.91 Standard Repart
fage 12

NON-ARERRANT PLOTS
Plot Weight Plotnum

001 69.02 1
002 68.25 2
003 95.29 3
004 87.95 4
0o0s 65.66 5
006 88.1 ]
007 90.06 7
008 84.51 ]
009 9945 g
010 26.58 10
on 83.2B 1
012 76.62 12
013 88.18 13
014 §3.31 14
015 86 .67 15
016 88.6% 16
017 a8.41 17
018 89.14 18
0w 72.93 19
020 85.51 20
021 92.37 21
022 93.59 2
03 86.56 23
024 75.02 24
025 87.31 25
026 94.38 26
0zr 88.74 27
028 95.51 28
029 89.89 2y
030 93.33 30
031 93.39 3
032 9. 76 32
033 8.1 33
035 80.98 33
036 91.43 38
037 87.84 37
038 99.36 38
039 92.57 39
040 97.57 40
041 89.86 41
042 B§.85 42
043 62.73 43
B4 75.87 4t
045 85.98 45
046 B5.77 46
047 92.02 47
048 84.7 48
049 90.75 49
050 77.81 50
051 37 .44 51
052 75.92 52
053 81.61 53

054 86.75 54



15.12.91 Standard Report

Comments

eremal3 009
eugnall 46
fison2 .002
fispp2 021
fisur? 015
fiayce?2 .Q02
forb 12 007
gerand .018
gomph?2 .00z
grcafi? .037
grflvi .G09
hacafé 007
indigl2 027
Lyciul .ae9
maconl3 069
madi s34 027
medidl 057
ocnat12 037
arbac12 .Q05
ortril 009
ozengi o2
pacapls 023
pagolxs 176
peafrxd 137
pscap3 -002
rhguelé 09
rhrhol .002
rhspp1?2 . 165
rhtom34 .027
scsp 3 Q02
sesesie 027
stinnl .002 '
stmadid 005
tacamx( 011
tegerd .009
tenaté .05
thacux3 Q27
trglads .007
trorixi 092
tuflol 002
vihava .005
vimard Qe

All data used to calculate aberrant plet index
Critical Aberrant Index Valiues,.

To drop plots ... < 40%

To list passive plots ... < 60%

Aberrant plots were NOT.dropped from final data set

SUGGESTED PLOTS 10 OROP
Plot Weight PlotHum
218 26.21 218
222 27.43 222

SUGGESTED PLOTS TO MAKE PASSIVE
Plot Weight Plotnum

034 57.34 34
143 51.96 143
176 59.62 176
198 56.96 195
219 59.16 219

220 52.81 220



15.12.91 Standard Report
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Comments

rhpen2 1 102
rhpen3 1 103
rhpenk 994 104
rhtrill 962 105
rhtriil 962 106
rhtri23 1 107
sciirx0 B0 108
scbrax0 .B65 109
scmyr] 1 110
scmyr? .62 111
SCmyr3 B85 112
sSCmyrs .545 "3
sczeyxd 897 114
sifneid 1 15
siine3s .737 116
solanid A 117
gsolaniL LB01 118
solan23 .929 119
spafri 641 120
spafr2 481 121
spafri4 577 122
unkhox3 275 123
vernoxs 1 124
xerudl2 962 125
Xicafxé .33 T26
zimucTH .513 127
zimuclL L9545 128
zimuc? 769 129
zimuc34 .B33 130
RESDURCES DROPPED

Resource Weight

acburx? .073

acgraxs 027

acschi12 .02

acsonxh .22k

almar3 .ooe

asparxé 144

aztetxsd 007

belucxé L0471

benat13 .021

canthi 002

casepl? 021

casppxé 021

catorx3 .2e?

catrad .002

clanixéd 144

cogrell 014

coharl .21

creapé 002

craylxé .103

cucapl 021

cuspph .ao7

daarmx0 144

diospx0 .151

diwhy? Nilok)



15.12.91 Standard Report
Page %

Comnents

disiml 1 [
disime 1 &7
disim34 509 4B
doburxt J481 (A
docatxl 673 S0
dorot1H .913 . 51
dorotiL _545 52
dorotxi .865 53
enspix0 .288 54
errigid .T49 25
eucriTH 1 1
eucrilL 929 57
eucrieg3 1 58
eudivl 1 59
eudive 1 60
eudiv3 1 61
eudivi T 62
eunatxd 481 63
eushi1d B09 64
eushilL ) 1 (3]
eushid 1 66
eushi3 1 67
eushié 1 68
facapxQ 897 69
gatrax( .609 70
grocexh .385 T
henatxt 609 72
hibisx4 321 73
hipaux0 . BAS 76
krflolH L5465 75
krflolL 1 76
krflo2 1 77
krflo34 1 75
tijaviH .99 79
lijaviL A7 80
LijaveH .769 B1
L1 javel 1 82
lijav3 481 a3
mahet] BT 84
mahetx1 577 ]
manem] 1 86
maneme 749 87
manenss 994 88
masenTH L6481 89
masenilL .942 90
masend 1 91
masen’sd 1 92
mocatxé 298 93
phretxs 897 94
plarml 897 95
plarm 641 9%
plarm34 673 7
rhchix® 609 98
rhmacxéd 994 99
rhpenlH 673 100

rhpenil 1 101



The marked decline in open-parkland in Hlvhiuwe North between 1937 and 1982 can be seen by examining the
map in Figure 7 and Plate 3 of King’s (1987) thesis. Unfortunately there are no recent aerial photographs, but
it is likely that the percentage of furest and "scrub” (as classified by King) bas increased further since 1982 as
many areas classified as "open grassland/ parkiand by King on the 1982 photograph were bush encroached in

1989, and the main post-burn survey revealed that open grassland only accounted for 7.6 % of plots in Hiuhluwe

North in 1989,

WATSON & MACDONALD’S ANALYSIS

Watson &_.Macdonald (1983) analysed the 1937, 196{}and .' 1975 -a;ﬁ;l.photographs in four game control blocks
in Hluhll;n«;re and ooc in Umfolozi. Two of thcmblocks (3.6) .an(.{l par! of a third block (8) fell within the
Hivhiuwe Grid‘-study area, Their analyses of these th.ree Bloék; show'ed-t.he same trends with grasslaﬁd coverage
decreasing by over two thirds over the period 1937;'55 iﬁ uorth-castem Hluhluwe, whilst woody plant cover

increased despite bush clearing during this period.

The percentage grassland in the three blocks (3,6 and 8) declined from 37 %, 40% and 57% n 1937 10 19%, 12 %
and 12% respectively by 1975. Over the same period total woody plant cover increased from 63%, 60%, and
43% to 80 %, 88% and 88%. The authors ascribed the relatively lower increase in canopy cover in block 3 to

the extensive woody plant removal operatiens in this area.

Given the net increases in shrub cover over all four Hiuhluwe blocks, the author’s speculatively concluded that
the frequency of burns that had been applied, appeared to be too low for the effective long term arrestment of the

woody components.



WHATELEY & WILLS’ ANALYSIS OF THEIR STUDY PLOTS

Whateley & Wills (1996) used acrial photos from 1937-81 to quantify the canopy cover in their three A, rilotica
woodland study sites (selected to representative three different aped seral stages in the succession from Acacia
thicket to A. nilotica closed woodland through to E. racemesa/B. zeyheri lowland forest). The results presented

in Table 20.1 show a similar trend of increasing bush-thickening over time.

Canopy cover of the "young® A.nilotica woodland in Greece dramatically from 20% te 70% from 1960

to 1975 reaching 75% by 1981.

Canopy cover in the "intermediate” age A. nilotica woodland increased from 10% to 40% from 1937 to

1954, have this steadily lacreased to reach 80% by 1981

Canopy cover in the "old” A. nilotica closed woodland in transition to £. racemosa/B. zeyheri lowland

forest was 30% in 1937 rising to 60% 1n 1954, and reaching 95% as early as 1975.



APPENDIX 20.3

COMPARISON OF CURRENT VEGETATION WITH WHATELEY & PORTER'S COMMUNITY
DESCRIPTIONS

The last vegetation map made of the whole of Hluhluwe-Umfolozi was drawn up by Whateley & Porter (1979,
1983), although the Hlukluwe part of the map (discussed above) was completed by Whateley in 1975. As
A.nilotica and A.karroo dominated areas are of particular interest in terms of assessing the impact of habitat
dynamics in northern Illuhjuwe on black rhino (see chapter 20 introduction) this appendix gives descriptions of

these communities by Whateley & Porter (1979, 1983).

DESCRIPTION OF A.nilotica WOODLAND.

Tt is notewarthy that Whateley & Porter (1979, 1983) did not describe a E.racermosa/B.zeyheri dominated
lowland forest community. This provides confirmatory evidence for the hypothesis that current extensive
areas of lowland forest in northern Hiuhluwe developed over the last two decades, However, based on data

in Whateley & Porter (1983) stands of taller A.nilotica woodland had clearly developed by 1975.

Furiher evidence of the earlier successional state of A.nilotice woodland in ¢he Corridor and Hluhluwe
during this period comes from Whateley & Porter's (1979) descriptions of their A.rilotica woodland

community.

- Canopy cover in 1975 varied between 50% and 80 %. Whateley & Porter (1979) also referred
to an average canopy keight of 4. [m and described the community as having flat-topped trees

(ie mature A. nilorica’s).

- A.nilotica was the most frequent and numerous and dominant waody species in this

community having a percentage frequency in the upper stratum (2> 2m) of 60.9% and 25.4%



in the lower stratum (0.3-2m)

- Commonly associated taller spizes (>>2m) inctuded A.karroo (9.3%), D.cinerea 93%),

R.pentheri(3.1%)and M. senegalensis (2.1%). Taller 4. caffra occurred at a frequency of 1.4 %.

- Taller later successional species E.racemosa, E.divinorum, and B.zeyheri only occurred at

lower frequencies of only 1.6 %, 2.3% and <0.2% respectively.

Of the smeller trees (0.3-2m), D.cinera was as common as smaller A nilotica (25.3%).
Frequencies for smaller (0.3-2m) spizes of "woodland” and "transitional” specics identified by
Whatcley & Wills (1996) were: A karroo (9.1%), A.caffra (3.1%), R.pentheri (2.9%) and

M. senegalensis (6.4%).

Smmaller (0.3-2m) later successional species occurred at low frequencies or were not recorded:
E.racemosa (2.3%), E.divinorum (1.8%), B.zeyheri (2.2%), M.heterophylla (4.3%),
E.natalensis (2.3%) K flovibunda (?.3%), H.pauciflorus (not recorded), C.egffra (0.5%),
Ehretia rigide (<0.2%), S.inerme (<0.2%), C.africana (not recorded), S.zeyreri (not

recorded), and 5 myrrina (not recorded).

The authors recorded that a moderately tall, often dense sward of tufted perenniai grasses dominated the
berbaceous layer of A.nilotica woodland. T.miandra was the dominant grass in the open, with P.maximum
commonly cecurting under canopies. They also recorded D.qusrrale as dominating the grass layer where the

canopies became more continuous. This pattern was corroborated by Whateley & Wills (1996).

During fieldwork (this study) it was noticeable that the odd tall mature Sclerocarya birrea tree oceurred in late
successional "Whaieley-Wills™ 4. nilotica woodland in transition to E.racemose/B.zeyheri dominated lowland

forest bearing testament to the area being open 3. birrea parkland in the past.



DESCRIPTION OF A_karroo/D.cinerea THICKET

Whateley & Porter (1983) also described an A karrooe-D.cireren thicket community which especially occurred
throughout the Corridor and much of northern Hluhluwe (Whateley & Porter 1983). This community was found
at all altitudes, comnmonly occurred on steeply undulating hillsides, and was often associated with 3 tall to
very tall grass sward. The authors speculated that the structure and density of this thicket was mainly
detepmined by the frequency and intensity of the fires which readily penetrated this conununity (Whateley
& Porter 1979). Areas of thicket were the most frequently burnt in the reserve, particularly during above average
rainfall periods. The height of the woody pl.a.m.ts w this communtty varied from grass height to 4m. As many as

5,840 per hectare were recorded. .

From Whateley & Porter’s (1983) descﬁpiions it appears there was considerable overlap in species between the
A_nilotiea woodland and A karreo/D.cinerea thicket communities in 1975, although the forest species were

less frequent in the thicket and A_karroo was the most numerous species.

- The most frequently recorded tal;er spizes (> 2m) were A.karroe (44.2%), A. nilotica (19.1%)
D.cinerea (17.0), M.senegalensis (6.6%), A.caffra (2.0%) S.birrea (2.0%). Taller spizes of key
transitional and forest species were alse uncommon with only R.pentheri (1.3%) and C. caffra (1.1%)
occurning at a frequency > 1%. Taller E.racemosa, E.divinorum and B.zeyheri were recorded but at

very low frequencies (<0.2%).

- The most frequently recorded smaller spizes (0.3-2m) were A karroo (31.0%), A.rilotica (10.3%)
D.cinerea (23.5), and M._senegalensis (1.2%), were the dominant species in this community. Smaller
spizes of key transitional and forest species were relatively uncommon although many species prosent
in later successional E.racemosa/B.zeyhert dominated lowland forest did cccur: R.pentheri (1.4%)
E.rigida (3.0%) S.zeyheri (0.4%) K floribunda (0.2%), D.dichrophylla (2.7%), C africana (0.2%)

F.capensis (0.3%) and C. caffra (<0.2%).



The authors noted that widely spaced, emergent, often grouped trees of S.birrea trees were often a characteristic
feature of A.nilotica woodland. 1t was therefore interesting to note that the frequencies of occurrence of S.birrea

trees was almost identical in both the A.nilotica woodland and A.karroo/D. cinerea thicket commumnities.

Whateley and Porter (1979) also noted that in Nortitern Hluhluwe a successional trend ias occurred where

the A . karroo/D.cinerea thicket has changed in time towards the A .farreo woodland community,

Froo: ground knowledge obtained during fieldwork, and looking at the 1975 Hluhluwe map some areas
marked as A.karroo thicket and A.karroo/D.cinerea by Whateley & Porter has changed to become taller

A karroo woodiand by 1989,



APPENDIX 20.4
DTERVIEWS AND FIELD CUTINGS

Memory is fickle, and most people interviewed could not remember much detail about vegetation changes as their
interest was primatily in the animals and birds. Most just could remember that particular areas "had thickened
up®, but could not give specific details of the vegetation changes. However there were a few individuals who
knew their woody plant species well, and whose testimony was useful.
THE LATE STAFF SERGEANT NQABANEFA NCOBO

RE T

Just before he retired from the field in 1990, a field trip was undertaken with the late Staff Sergeant N.Ncobo
to discuss vegelation changes he had noticed since 1975 (when he came to work at Hluhluwe). A NPB research
technical assistant acted as a {ranslator during the field trip with S,Sgt Neobo. During the feld trip every atternpt

was made to avoid using loaded questions.
$.8gt.Ncobo made the following points (my comments indented}:
0 In the past the slopes of Qolwane didn't have the large amounts of 4.nilotica present today.
© The Zincakeni area (Figure 20.9) was one of the first places to thicken up. In 1975 most A.nilotica trees in the
area were smaller {<2m); and often had D). cinerea growmg above. He remembered being able to see black
rhinos' heads and shoulders above a lot of the vegetation.

The vast majority of A. niloticq trees in this area have matured and in maay cases these trees

have mow been avertopped by taller later successional species such as B.zepheri and see

E.racemosa. Tall D. cinerea trees were still present in these arcas in 1989 .



0 E.racemosa has preatly increased in extent since 1975,

This corroborated the conclusion of Bourquin & Hitchins (1979), and the 1989 Grid survey which

recorded this species ag having the highest canopy cover in northern Hluhluwe,

0 Most of the A.karroo that were tall in 1990 were < 2m in the late1970s . For example, he remembered the tall
A.karroo woodland that occurred ncar Memorial Gate in 1990 as being ~ 2m tall (these trees have subsequently
been cut down in bush clearing operations). In 1975 ke remarked that there were many black rhino on Hidli,

where there was much short A karron,

This corroborates the data from the remeasurement of Hitchins' plots, repod:s‘: in the Vegetation
dynamics workshop and the analysis of Hitchins® 1973 and Whateley’s 1975 maps (see above)

which indicated that the area of thicket was incgeésing compared to 1970,

© He remembered that there was not much A. karroo on the road past King and Konstant's experimental plots en
route to Sitezi, and that this area used to be dominated by mainly small A.rilorica’s and D. cinerea.
A.nilotica closed woodland / K. racemosa-B.zeyheri lowland forest subsequently developed in

this area, although some of this has recently been bush cleared.

© When looking at the Nqunqulu area as seen from the top of Magangeni (see Figure 20. 10) he remembered that

around 1975, the thick hush was mzinly restricted to the drainage lines,

O Qutside the Grid Study Area, he remembered the area of seemingly even aged semi-closed A. nilotica woodland

seen al Seme (en route to Nquemeni outpost) as short "Acacia’s”.

A.nilotica closed or almost closed woodland subsequently developed in this area. On walks in
closed A. nilotica dominated woodlund near the Seme road in 1997 and 1998 I noticed many

mdividuals of later successional species such as E.racemosa, E.divinorum, B.zeyheri and



S.inerme growing up. It was noticeable that many of these later successional species oceurred
pear the bole of the A.nilotica’s as hypothesised in the Whateley-Wills (1996) successional
model. Although the walks were undertaken when the trees were not in leaf, many of the

A.notica’s appeared to be senescing.

THE LATE DUMISANE NGOBESE

Before his death, [ went on a field trip with Dumisane Ngobese to discuss vegetation changes that he had noticed
in Hiuhluwe, Dumisanc knew his plant specles wel], :liav:'uig at an earlier stage of his career worked for the Parks

Board’s Research section in Hlubluwe as a}‘me ] Assistant . '

Dumi saﬁe ﬁ;)inted out many areas of Hluh]quwhlchhe hﬁd remembered thickening up. His observations agreed
with those of S.Sgt.Ncobo. He cunﬁrme'd.: l;hat AI. h’i'lox.i;:a was one of the key species to grow up and that
E.racemosa had become much more doninant. Hela]% remembered that areas of shorter 4. karroo had grown up
to form mature A. karroo woodlands in some areas of North Eastern Hluhluwe.

Dumisane Nygohese took me to visit an old retired game guard {who had worked with Peter Hifchins io the past),
and had since retired to live at his homestead near the boundary of Hluhluwe. As we looked over into the South

Eastern part of Hluhluwe reserve, both men pointed to an area which had extensive arcas of almost closed

A nilotica woodland, and remarked how they remembered the same area being open ia the past,

DR ORTY BOURQUIN

Dr Onty {Ortwin) Bourquin worked for Natal Parks Board's Research section in Hluhluwe from 1965 till 1970,

In referting to a map showing the changes in "dense vigorous scruh” between 1960 and 1970 (directly based on

the Hitchins® 1960 and 1970 maps described above), Bourquin noted how striking the changes in the woody



vegetation from thicket to grassland had been dunng the 1960s, and that he believed this change was a result of

the higher fire frequencies following the early extensive bush-clearing.

He indicated that the category “"grassland” on the map did not mean that there were no woody plants, but rather
referred to whether trees or grass dominated the canopy cover. In areas classified as grassland, woody plants were
short, and grass rather than trees dominated the canopy cover. For areas to be classified as dense vigorous thicket,
the scrub would have grown tatler above grass height and visually been very obvious. He also noted that it was
really only during the measurement of vegetation plots in the area that he became aware just how many small
"Acacia’s” and other woody plants were hidden in the grass layer in grassland areas. This observation concurs
with my interpretation of Kings' "scrub” category, and indicates that the ki éhesl densitics of favoured smali

"Acacia’s" prohably oo?ifrs jlist_prior to obvious bush encroachment (when trees grow tall enough to noticeably
. . -

L
f

affect Iateral visibility), .
Bourguin aiso showed me-lﬂluée- black and white photographs of black rhinos he had taken in northern Hiuhluwe -
durng the winter of 1965. .A]thOugh the pictures were taken four years after the 1961 die-off, the population of
black rhinos in the area was sull very dense. The first picture was that of a black rhino taken at the base of
Makhokoba (NE of Grid Study Area} in Auguet 1965. The photograph shows very open parkland with“ isula[ed
S.birrea trecs but with many small (< 1m) woody plants that look like "Acacia’s" that have been burnt but appear
heavily browsed. The black rhino in the picture is not in good condition, although it does have a big front hon
suggesting it is an older animal. Bourquin had another photograph of another oider very long horned female with
calf in the Manzimbovu area taken in 1965, This animal is aiso not in good condition. In the third picture one
of two black rhino in a photograph taken at Hidli in the late dry season the same year (September 1965} is also
in poor condition. Whilst these three rhine photographs of Bourquin's are not conglusive proof that the rhinos
were under nutnifional siress in the winter of 1965, they do suggest that this was quite possibly the case. -
Corrobarative evidence to support the latter view comes from the measurement of Bourquin’s 1965/66 Zincakeni
plot and the subsequent measurement of Hitchins® plots in 1969-70 whick both showed that an extraordinarily
kigh proportion of woody plants were being browsed including a very high proportion of normally rejected
unpalatable species. Bourquin also remarked on the large number of black rhino in Northern Hiuhluwe during

the period.



MR RODDY WARD

The Park’s first ecologist, C.R. (Roddy) Ward (pers.comm.) mentioned that by 1960, the combination of
exteasive bush-clearing and culling of grazers was having a noticeable effect, and had significantly increased the
cxtent of grassland in north eastern Hluhluwe. He noted that the increase in grass following the heavy culling
and the increased rainfall became especially noticeable just prior to the 196 | die-off of black rhine in the area (see

chapter 17).

MR DOUG PHEASANT

Doug Pheasant put in the first lighting pl?;;_; at Hilltop and remembered the tifné_ when the sight of a white rhino
in Hiuhluwe caused a major stir. T went for a drive with him around the Hluhjuwe study area. He particularly
remembered that the top part of the Isavivaneni road area being much more open with smaller trees. Bourquin’s

1966 Isivivaneni transect also indicates that the area was more open in the past.

RUSTENRURG WILDLIFE SOCIETY BRANCH MEETING

Al the end of 1 talk ! gave to the Rustenburg branch meeting of the Wildlife Society in 1993 a member of the
audience said how amazed he was at the extent of the developmeat of closed woodland/forest in Hiuhluwe
following a recent visit there. His previous last visit had been in the mid 1970s which ke remembered as more
bushed than when he first visited the reserve in the late 1950s. He remembered many areas as having been open

during this period.



APPENDIX 20.5
THREE DIMENSICNAL SURFACE PLOTS OF CANOPY COVER OF SELECTED SPIZES IN

CRDINATION SPACE

RESQURCE processed Grid survey spize data (after excluding plots with riverine and true evergreen forest
patches) were subjected to heuristic multivariate descriptive analysis vsing a detrended correspondence analysis.
Three dimensional (3D} interpolated surface plots were then produced for a number of key spizes (using the plot
axes scores from the spize ordination to give eastings and northings for each plot) enabling a static ordination
app.l'(.J;lCE to be used to?éenerate and examine hypﬁthesas about probable zonation and succéssional pathways in

Hiuhluwe woody vegefétion (See Appendix 4.1). \ .(-

Ly

The results were also Sxamjned to see 1f they supported the'pfbposed successional Whateley-Wills sequence 1o
A.nilotica woodlands, and they did. The similarity of the rélatioﬁshjps between key spizes in the hypothesised
succession between th;% DCA (used to derive the 3D spize cover-abundance surface plots) and the partial fire
constrained ordination (chapter 16) emphasises the key role fire (or rather lack of fire) has had in the development

of lowland forest areas in Hluhluwe,

As measures of black rhino feeding were obtained for each plot, it was also possible to produce an approximate
(inverse distance squared) wnterpolated 3D surface of black rhino feeding levels (using the plot axes scores from
the spize ordination to give eastings and northings for each plot). The interpelated feeding surface plot (Figure
20.16) can therefore be directly compared to the abundance surfaces of key spizes (and hence “communities”
and different seral stages) revealed by the spize-based ordination (Figure 20.15 a. k) and gives an indication of

the relative impact vegetation succession could have had on black rhino carrying capacity.



SPIZE BASED STATIC ORDINATION SURFACE PLOTS

The assumption behind this "static” approach to studying succession (Austin 1977) is that each site represents 2
sequence in time; w.ith the larger size classes representing the present successional state of the site, and the smaller
size classes the possikle future composition (Enright 1982, Emslie 1991d). By foliowing the paths traced by the
centroids of successively farger spizes of key species on ordination diagrams, successional patterns can be detected
(Emsiie & Adcock 1990a, Emslie 1991d). Figure 20.15 a..h improves upon this approach, by following changes
in three dimensional abundance surfaces for successively larger key spizes and these confain much more
information about a spize's abundance than simple 2D centroid points in ordination space (See Chapter 4 and

Appendix 4.1 for more details of the techniques used).
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The distribution of rhino seamg (average browse bottles eaten per plot) over ordination space was also plotted

as an interpolated 3D surfage (Figure 20.16 and included as small inserts top right of Figure 20.15). By meatally

superimposing this diagr&m onto the 3D spize sﬁrf_'acc plots it is possible to determine the extent to which -

successional trends may Have been detrimental to rhino.

1

The Whateley-Wills successional sequence closely follows the arrow superimposed onto Figure 20, 16,

Figure 20.15 a shows canopy cover abundance levels of A. nilotica spizes as 3D surfaces in spize based ordination

space. A. nilotice was one of the most ubiquitous species in the grid study area occurring on 127/242 plots.

Figure 20.15 A clearly shows that the different spizes of A.nilorica predominantly occur at different
locations it ordination space. This considerable separation is consistent with A.nilotica being a pivotal

species in woody plant autogenic succession as hypothesised by “Whateley-Wills" (1996).

Peak abundance of small/medinm A nilotica’s (less than 2m) occurs at between 200 and 300 on Axis

1 and less than about 150 on Axis 2.



Peak abundance for mtermediate sized (2-4m high) 4. nilotica occurs between about 50 aad 100 on Axis
1 and again at less than about 150 or Axis 2. This represents a sideways shift of about -200 on Axis 1.
However although peak levels of Size 3 A.nilotica’s occur at a similar position oo Axis 2, the spize has

become abundant along the whole of Axis 2 as long as the Axis 1 score Is less than about 125.

Mature Size 4 A.nilofica trees (> 4m) also occur predominantly at low Axis 1 scores, although peak
abundance levels have shifted downwards from the upper half of Axis 2 to the lower half of Axis 2.
The fact that smaller A. nilotica {rees are not associated with these mature trees corroborates Whateley
and Wills’s (1996) ﬁnding‘tbal A. nilotica did not establish and survive under its own canopy. Canopy
cover levels of mature A.nilotica trees are also gré;ter presumably as their flat Lﬁppud canopies have
_ gpn.ad laterall)f.. |
. uF

These three A.nilotica surfaces suggest a succession trace that has progressed in an almost right

FT

N

' angled curve starting high on Axis 2 and mediom-high on Axis 1, moving leftwards along Axis 1,

hefore turning and then moving down Axis 2 (see arrow superimposed on Figure 20.16).

By contrasting the small insert (top right) with the three A. nilofica surfaces one can see that "communities"
with smaller A. nilofica’s had high amounts of black rhino feeding, but that as the species matures hahital

quality declines markedly. Habitat quality declines fastest as trees grow above 2m.

The fact that A.nilotica’s distribution does not extend throughout the whole ordination space indicates
that while the "Whateley-Wills" model may hold for sites with A, nilotica it docs not occur in all areas
in the Grid survey study area. This 15 consistent with the spatial zonation of different vegetation

copunumities.

Figure 20.15 B shows canopy cover abundance levels of D. cinerea spizes as 3D surfaces in spize based ordination

space.



D.cinerea clearly has a wide ecological tolerance as shown by the distribution of small (< lm)
wndividuals throughout ordination space. Indeed this species was the most ubiquitous of any species in

the grid survey occurning in 174/242 grid plots.

Peal levels of small D.cinerea occur towards the middle of Axis 1 and upper two thirds of Axis 2. By
way of contrast tall D). cinerea are associated with tal] mature 4. nifotica although canopy cover levels are

lower.

Peak levels of medium (1-2m) high D. cirerea occurred on sites with little or no A, nilotica and this spize
was had a similar abuﬁance surface to medium-intermediate E. cr:‘sp:_i (Figure 20,7 I}. This part of
‘ordination space reflects the A.karroo, D.lyciodes, M.senegalensis, D.cinerea, E.crispa dominated

~. communily on the heavy low lying black soils in north-eastern Hluhluwe.

* Figure 20.15 C shows the canopy cover abundance levels of R.pentheri spizes as 3D surfaces in spize based

ordination space. This species was the second most nbiquitous spegies in the grid study area occurring in 142242

plots.

This species follows a sunilar course in ordination space to A. nilovica although it appears to come in a
little Jater in succession as indicated by the association of high amounts of small ( < 1m) high R.pentheri

in areas with most intermediate A, nilotica 2-4m high,

Figure 20.15 D shows how cancpy cover abundance levels of B.zeyheri spizes varies in spize based ordination

space. This species was the third most ublquitous species in the grid study area occurring on 1327242 plots.

This species shows a similar "curved” successional pattern to R pentheri and A. nilorica although it is

clearly a later successional species than erther R pentheri and A. nilotica.



E: Canopy cover abundance levels of £.divinorum spizes as 3D surfaces in spize based ordination space.

This species was associaled with

F: Canopy cover abundance levels of E.racemosa spizes as 3D surfaces in spize based ordination space.

This species was clearly a later successional species than either R. pentheri and A. dilotica only conung

1n low on Axis one and mature trecs predominating at low axis 2 scores.

G: Canopy cover abundance levels of S. ine:r'r}:g_ spizes as 3D surfaces in spize based ordination space.

This species was also clearly a later suc;ﬁessionzii species than either R. pentheri and A.nilotica coming
-{ o . . . .
‘in low on Axis one and mature trees predominating at low axis 2 scores.

H: Canopy cover abundance levels of 5. m_v'r'ri.}z'ii' spizes as 3D surfaces in spize based ordination space.
This fire sensitive species was also-clearly a later successional species than either K. pentheri and

A.nilotica coming in low on Axis one and mature trecs predominating at low axis 2 scores.
The following three species 3D plots were included to show the existence of spatial vegetation zonation.

I: Canopy cover abundance levels of medium/intermediate E. crispa spize as a 3D surface in spize based ordination

Space.

"This species is associated with another system (and not the A.nilotica system). In this case li.crispa (s
associated with lower lying 4. karroo dominated areas on black clay soils, small medium D .cinerea (see

20.15b), M. pauciflorus, 2. lyciodes and M. senegalensis.



, J: Canopy cover abundance levels of [ntermediate tall A.caqfra spize as a 3D surface in spize based ordination
| space and K: Canopy cover abundance levels of V.subuligera spize as a 3D surface in spize based ordination

!
!
i space.
|

These 3D plots confirm these two species are associated with another system. In this case - frequently
burnt tall grass hillslope habitat dorainated by A.caffra and V.subiligera with L javanica, and some

! A.nilotica and A.karroo.

Figure 20,16 shows a 3D plot of black rhmo feadmg levels - and shows the major decline in carrying capacily

following succession from opeu areas r,hmu' 'hA mfonca woodland to lowland E.racemosa lowland forest,

| Appendix 20.5 con ﬁn:ns this with ]atcr.. succeSSEOnal_ stages of E.racemosa lowland forest having as little as 5%
: %

[ ' of fcedmg levels in earhar seral stages The

p m carrymg capa01ty as succession progresses inA. nilorica areas

i
!i s also consistent with individual § splze ';el(.ctlon and rgjection patterns (chapters 6 and 7).
| ;

| As a heuristic tool, the static approacﬁ proved 'to be a vahuable tool for examirung possible spatial zonation and
‘ temporal succession using 30 abundance plots of key spizes in ordination space (using RESOURCE processed
i, data). The superimposition of the feeding surface onto these plots also enabled the implication of habitat changes

| .
| and differences for black rhino to be d_etermmed.
|



APPENDIX 20.6

TWINSPAN FLCORISTIC ANALYSIS OF HLUHLUWE GRID DATA

Strong confirmatory evidence for the Whateley-Wills hypothesis model comes from an examination of the
output from the preliminary spize based TWINSI_’AN analysis discussed in chapter 7 (Table 7,23). This
analysis corroborated the earlier conclusion that black rhino suitability declined as 4. nilorica dominated closed
woodland changed into E.racemosa, B.zeyheri, R.pentheri dominated lowland forest. Mean offtake levels by
black rhino in mat:lgb-ﬁ‘j.mcemosa dominated Iowlgﬂq forest were only about half those in transitioqa.l :

lowland forest dévcl(ipipg from A.rilofica closed woodland.

A further T W]N'SPAN analysis was undertaken using the same data set used to produce the cover abundance
surface plots in dr'qinﬂt:ion_s;m';';e (ie Grid survey cover abundance data set after excluding riverine and true mature

evergreen forest plots). .
) ‘A -

The first major division in the TWINSPAN dendrogram differentiated between forest/closed woodland
conunutnities and more open associations (Division 1: 2=0.51) and provided strong corroborative evidence to

support the "Whateley-Wills" model.

Firstly the pivotal role of 4.nilotica in development of farest in Hluhkuwe as postulated by Whateley & Wills
(1996) was indicated by the analysis. Small A. rilotiea]'s (< 1m) were 1.5 times more likely to occur on the
open side of the divide; yet tall mature A.niloticad's (> 4m) were 4.5 times more likely to occur on the forest

side of the divide,

Secondly, all sizes of E.racemosa, B.zevheri and R.pentheri oceurred on the forest side of the divide.
Furthermore as tree size of these species increased so did the likelihood of the plot being allocated to the
forest side of the divide (Table 20;2). Figure 20.2 also indicates that E. racemosa is a later successional species
than the other two species confirming the results of the static ordination. Indeed all four E.racemosa spizes

together with K, floribundal were the five indicators listed for the forest side of the main divide.



In all cases the spizes of these three species listed in Table 20.2 were more frequently found on the forest side of
the divade. For example, small (< 1m) E. racemosa was 12.7 times more likely to occur in plots on the closed -
woodland/forest side of the first main TWINSPAN divide than on the more open woodland/short thicket/grassland
side of the divide. Table 20.2 also shows that as each of the three species increases in size it is more likely to be

classified on the forest side than the mofe open side of the main divide.

Thirdly, small A.karrool {<1m) and _L.javanfmz (1-2m) were key indicators listed on the open side of the
main divide, Medium A karroo2's (1-2m) were also 4.0 fimes more frequent on the open side of the divide.
Fourthly, an examination of the mean percentage canopy cover scores for key spizes for each of the 18
“communijties” produced by the TWINSPAN analysis of the Braun Blanquet Cover Abundance data corroborated
the successional trends shown in the 3D surface plots of spizes in ordination space (Appendix 20.5, Figure

20.15). A few of the most salient points to emerge are discussed below...

Contiguous TWINSPAN groupings 3,8,9,10,11,14,15 & 17 had the highest canopy covers of small-
intermcdiate A. niloticas; and the weighted average black rhino feeding offitake tn these "communities”

with smaller 4. niloticas (n=68 plots) was 281 hottles/Ha (new & old).

Contiguous groupings 1,2 and 4 that had high canopy covers of taller E.racemosa, S.myrtina,
B.zeyheri, R.pentheri, D.cinerea and A.nilotica. K floribunda . The weighted average black rhino
feeding offtake in these “communities", which represent late stages of the hypothesised "Whateley-
Wills" successional sequence (n=35 plots), was only 71 hottles/Ha (new & old) which represents

only a quarter of the feeding levels in "communities”" with small A nilotica's.

TWINSPAN Grouping 1 represented the most advanced form of "Whateley-Wills" succession. The
combined caﬁopy cover percentage points of the tallest spizes of E. racemosa, E.divinorum, S.myrtina,
C.caffra, K. floribunda, C.puichella, B.zeyheri, and R pentheri in this "community” was 101%. The
tallest spizes of earlier successional A.nilotica, D.cinerea and to a lesser extent A. karroo contributed a

further 33 %. The combined canopy cover of medium-tall 2-4m) E.racemosa, B.zeyheri, and R.pentheri



in this "community” accounted for a further 32 %. The medium-all spizes (2-4m) of earlier successional
A.nilotica, and to a lesser extent A karroo and M. senegalensis contributed a further 14 %. Mean black
rhino feeding levels in this lowland forest E.recemose dominated "community”" was only 14
battles/Ha (old & new). This is only 5% of mean levels recorded for "communities" with small

A rilotica's.

The resulis of the TWINSPAN analysis clearly corroborates Appeadix 20.5 and Figures 20.15 and 20.16 which
show that the develupment of lowland forest communities over much of Hluhluwe has resulted in a major

lowering of Hlul'duwe;: carrying capacity for black rhine.

rm



APPENDIX 20.7

USE OF SFLF-THRNRMING POWER LAWS TO BSTIMATE APTRONIMATE PAST DEMSITIES OF
SMALL & nilotica

A particularly imporiant study of self thinning was made by Yoda et al (1963) who found that when the log of
mean plant weight (ic of survivors) was plotted againsi the log of deasity of survivors the values of successive
harvests were found to lie around a slope of around -1.5 (Harper 1977). A slope of -1.5 tmplies that while the
numbers of individuals present in the population is decreasing, the weight of the population as a whole
increases. The rate of growth of individuals more than compensates {and is probably responsible for) the fall
in numbers. This self-thinning relationship has been written as..  Logu = C X LO0gopums - 2nd is

otherwise kmown ag the 3/2 power law.

The 3/2 power law has besn mainly tested mainly with aunﬁal plants, but there 1s evidence it holds true for ‘
forest trees as wcll_:. The empircally derived thinning tables derived by foresters to optimise timber production
conform rather wcll- {(Harper 1977), 1a Forestry the log of mean t?mber volume per free is Usually plotted
against the log of survivor densities. There ts again a striking re.l.ationship, but with gradients that are
considerably steeper than expeected under Yodas self thinning law (gradients ranging from -1.72 to -1.82).
The use of timber volume rather than mean Wc]t ght/individual may be enough to stecpen the regression slope.
Slopes of -1.48 to -1.62 have been empirically derived for vield:density relationships of long lived stands of

oak (Quercus robur) and beech (Faguy sybvaticus ;White & Harper 1970).

In mature 4. nilozica closed woedland plofs measured during the Hluhluwe Grid survey, 74.9 % of individuals
were > 2m tall; with a total density of 246/Ha. A. nilotica trees over 4m tall ocourred at a density of 125
trees/Ha. However as most size class 3 trees (2-4m) were near 4m tall the deosity of taller 4. nilatica's was

equjvalent to around 200 trees/Ha.

If ome takes the empincally derived meaa slope of -1.77 rather than -1.5, and assugses that if the weight of a
tall A. rrilotica is 100 units and the weight of a small A.nilotica is 2 units then using the self thioning power

law one would estimate that the past density of small A.niloticas (< |m) would be 1,823/Ha (2,714/Ha using



a-slope of -1.5). This density is 8.0 times the 1983 densities of smaller {<2m) A.nilotica recorded in the 127

Gnid plots confaining A.nilotica (11.9 times > using a slope of -1.5).

In the 127 Grid plots containing A. silotica the mean percentage cover poigtsf treec was 11.82 for tall (>4m}
A.nilotica's and 0.707 for small { < 1m) A. nilotica trees. The pumber of canopy cover points per tree was
14.6 times greater for taller size 34 (>2m and most >3.25m) compared to smaller size 12 {<2m and mast
< 1m) } A. niloticas, If we use this empirically derived relationship between canopy cover % points/tree and
tree size in the power law and use Yoda's 3/2 power law this returns a lower predicted past density of smaller
(<2m) A nilotica's of 1,193/Ha. This density is 5.2 times the 1989 densities of smaller (< 2m) A.nilorica

recorded in the 127 Grid survey plots which contained A, nilotica,

Depending on the slope of the power law used, the number of smaller ( < 2m) A.nilotica trees to die (as a
result of self-thinning) to produce each taller ( > 3.25m odd) A. nilotica tree ranged from an estimated 4.2 to
10.9 trees. In the 127 Grid plots (just over half ot the Hluhluwe Grid study area} comtaining A. nilotica the
current density of taller (> 2m and most >3.25m) A. rilorica’s was 101/Ha. This translates to a predicted
average past density of smaller A nilotica's (< 2m) prior to self thinning of roughly 525-1200/Ha (in the 127
plots). These densities are between 2.3 to 5.3;’ times higher than the 1989 densities of 175/Ha small{ < 1m)
and 54/Ha medium (1-2m) A. nflotica’s on the 127 Grid plots (= 52.5% of Hluhluwe Study Area) containing
the species. Given that forty years ago grazing biomass was high with 4 low proportion of bulk feeders this

will have further favoured black rhino by reducing grass interference.

An analysis of the size class structure of A. nilotica trees in Hluhluwe and Umfolozi highlights the markedly
more mature age structure in Hluhluwe. The average contnibution of each A, nilotica tree to total canopy cover
in Hluhluwe 13 2.18 times higher in Hluhluwe, Medium-tall to tall (>2m) A nilotica's make up 30.6 % of
all A.nilorica individuals in Hluhluwe compared to only 10.6% in Umfolozi. The density of tall A nilotica
tndividuals ( > 4m) was 15.4 times greater in the Hluhiuwe compared to Umfolozi study area. Furthermore,
mean total canopy cover of A, nélotica in the Hlubluwe Grid study area was 7.25 times greater than in the
Umfolozi Grid study area (9.28% vs 1.28%). While 85% of A.nilotica canopy cover was made up of trecs

>2 m in Hluhluwe the corresponding figure for Umfolozi was only 28 %.



