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ABS~T 

This wor-k descr-ibes tre coastal gr-asslands of Mkambati Game Reserve 

and treir- suitability for- tre pr-esent lar-ge rer-bivor-e complement. 

Tre initial descr-iption makes use of both field survey and 

quantitative sampling and multivar-iate analysis which facilitated 

tre pr-oduction of soil and vegetation maps at tre scale of 1: 

10 000. Suitability of trese gr-asslands for- rer-bivor-es is assessed 

in ter-ms of both quantity and quality of foad available and tre 

pr-esen t rer-bi vor-e impac t • 

Local var-iation in soil type was consider-able. Eight standar-d soil 

for-ms wer-e distinguished as well as sever-a I otrer-s pr-eviously 

undescr-ibed. Most of tre soils wer-e dystr-ophic al tt-ough nutr-ient 

'hot-spots' wer-e carmon. This deter-mined flor-istic composition of 

tre var-ious communities to some extent. 

Thr-ee gr-assland communi ties and four- subcommunities wer-e r-ecognized 

which contr-ibuted 81 ~ 5 I. to tre total ar-ea of tre r-eserve. Tre 

r-emaining ar-ea compr-ised for-est. wetlands. exposed r-ock and 

accommodation camps. Each gr-assland community was associated with 

par-ticular- r-anges of tre measur-ed envir-onmental var-iables. 

Tre standing cr-op of tre thr-ee communities was high r-elative to 

otrer- ar-eas of soutrer-n Afr-ica. Absolute amounts var-ied seasonally~ 

being highest in summer- and lowest in winter-. Par-titioning between 

tre phytomass, necr-omass and litter- compcnents also var-ied 

seasonally. Total standing cr-op incr-eased with incr-easing interval 

since tre last fir-e. Litter- br-eakdown r-ates differ-ed between 

communi ties and species. 

For-age quality was poor- being lowest in autumn and winter- and 
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declining with age. This~s probably a result of the dystrophic 

soils. Crude protein and phosphorus were limiting for several 

months of the year. Total forage quantity was in excess of the 

present herbivore needs although availability declined with age and 

during the non-growing season. However, the poor quality reduced 

the atl"ICX.lnt available such that present herbivore impact was low, at 

all times being less than 9 'l.. Removal by herbivores was highest 

several months after a fire when absolute atl"ICX.lnts of various 

nutrients were at a maxinum per unit area. Thereafter it declined 

to less than 1 'l. with aging of the sward. 

The implications of the resul ts for management are discussed and 

future research needs identified. 
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I undertCXJk this project at the request of Mkambati Game Reserve 

(I"m) Board of Directors to centrirute an understanding of the 

major. natural. biological processes operating in Mkambati Game 

Reserve. Such an understanding should assist in formulating 

management optiens for the area. This in turn would reveal ·the 

resources and optiens available for the promotien of ecenomic gain, 

while taking cognizance of ecological censtraints and censervatien 

ethics. 

The thesis is set CXJt in chapters, each forming a cohesive unit of 

a particular aspect of the overall project. Chapters 2, 3 and 4 

provide an overview of the physical setting of MGR in the form of a 

descriptien of the study area, based en available literature, and 

detailed descriptions of the soils and grasslands based en field 

work. Chapters 5 and 6 present data pertaining to the growth, death 

and breakdown of vegetative material. The next two chapters, 7 and 

8, are based en empirical data and are cencerned with the 

palatability of the grasslands to herbivores and with present 

herbivore impact. These chapters are linked initially in the 

introductien and finally in Chapters 9 and 10, which deal with 

carrying capacity and recc:mrendatiens, respectively. A chapter 

format was adopted as it is intended that most of these wi 11 form 

the basis for a scientific publicatien (ene paper has already been 

publ ished, two sutmi tted and two are in preparatien). 

The variCXJs aspects covered by this thesis are part of a larger 

study. Aspects of the overall study referred to, rut not included 

in the thesis, include seasc::nal estimates of rCXJt standing crop at 

the mc::nitoring. sites described in chapter 5, assessments of 

herbivore cendi tien using kidney-fat and t::x:ne-marrow indices, key 
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species productivity and visitor perceptions. The reader should be 

aware also that this study was undertaken on a part-tiere basis 

which limited both the atrOJnt of tiere available and the timing of 

certain aspects. This was an important consideration in the 

adoption of particular approaches and erethods over others. 

Many people have contributed to this project and moulded' my 

fundamental beliefs and philosophies which affected the approach 

adopted. These include my supervisors, official and unofficial, 

nacrely: Prof. J. E. Granger (the primary motivator of this 

project), Dr B. McKenzie, Prof. M.T. Mentis and Mr E. R. Robinson. 

Others include: Ms S. Bell-Cross. Ms U. Brown, Prof. G. Dardis, 

Prof. A. Dye, Mr A. Evans, Mr J. Feely, Mr P. Madasa and Prof. B. 

Walker. 

Special thanks are due to Profs. A. Dye and P. Piacenza both of 

wham unselfishly gave their tiere and knowledge of various practical 

aspects of computers and chemical forrrulae. erethods and materials. 

Special thanks are also due to Ms S. Bell-Cross and Mr J. Feely who 

undertook the arduous task of the final proof reading for 

typographical and grammatical errors. 

Even more obviously my thinking has been influenced by people close 

to ere, especially my parents and wife. WithD..lt my parents I wc::x.lld 

never have been in the career I enjoy so rruch. My wi fe, Sheena, 

played an integral role in this project in terms of her field 

assistance, support, enttusiasm and constructive debate and 

criticism at all times. WithD..lt Sheena this wc::x.lld have been a 

substantiall y lesser work. 

Mr P. Zacharias (University of Natal) initiated the idea of 

determining the digestibility of the different grass species by an 
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in vitro method. rather than by determining crude fibre as 

initially planned. Furtherrrore. he was instrumental in putting the 

idea into practice by undertaking to have the samples analyzed in 

his laboratories, for which I am grateful. 

The relatively smooth progression of this project would have been 

imp:JSsible wi tho.Jt the wi 11 ing logistic and technical support o;f Mr 

C. Barton and Mr D. Treadwell of the Science Workshop, Lhiversi ty 

of Transkei (Lhi tra) and Mr I. Abboy, Ms K. B....ltler, Ms E. Dean, Ms 

K. Fields, Ms K. Kime, Mr A. Pretorius, Mr T. Strever and Mr N. 

Swart. all past or present members of the Department of Botany, 

Lnitra. 

Various staff members at I"ER, both past and present, provided me 

and the project with support and information during the course of 

this study. I owe them all sincere thanks, especially C. Andrews, 

M. Andrews, N. Ayliffe, T. Ayliffe, M-L Koenig, P. Ruddle, H. 

Siebert, J. Siebert and T. Strever. 

Herbarium specimens were identified by Ms A. Hutchings (formerly of 

Lhitra). Dr R. Ellis (Botanical Research Institute, Pretoria), Dr 

B. Schire (Kew), Dr O. Hilliard (Natal) and staff of the Botanical 

Research Institute. Pretoria. 

Funding of this project was from the Pondoland Survey Research 

Grant of the Lhiversity of Transkei, for which I am sincerely 

grateful; as well as generous donations, provision of 

accommodation. labour and transport by Mkambati Game Reserve. 
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lNTROD...CT lCN 

1 .1. OBJECT I YES CF TI-E SlUDY 

Recogni tion that vegetation and its management are tre primary 

determinants of the potential stocking rate and secondary 

productivi ty 

this study. 

of grasslands underlay the promotion of two aims 

Trese were: (i) to describe and map both 

TO!'"" 

tre 

vegetation and soils of Mkambati Game Reserve (I"m) for management 

purposes; and (ii) to describe the seascnal changes in standing 

crop and acceptability to herbivores of tre grasslands at I"m, 

and tre influence of tre present turning regime and stocking rate 

on trese. Both of trese aims were intended to provide data on the 

major COfTm..Jni ty processes which could act as a baseline for future 

studies and management. Trus, a subsidiary objective was to propose 

objective management goals based on adequate knowledge of such 

COfTm..Jnity process. Fulfillment of these aims would be achieved by 

(i) tre assessment of the status and condition of the sward, a"d 

(ii) monitoring standing crop, productivity, utilization, forage 

quality, and mass loss fron litter under different treatments 

simulating possible management actions. 

These aims were translated into specific questions to be answered 

during the course of this study: 

(1) What is tre range in structure, species conposi tion and 

spatial distritution of tre various grassland COfTm..Jnities at MGR? 

(2) Are the str:.Jct:..Jre, species ccmposi tier. and spatial distri rutien 

of tre different communities in any way correlated with particular 

biotic and/or abiotic factors? 

(3) j-b.,j is the plant biomass partitioned between the phytomass, 

necromass, and litter conpc:nents during the year? 
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(4) What is the forage availability in the main communities, 

and ~ is it affected by seasenal changes in the parti ticning of 

the standing crop between the above conponents? 

(5) What is the palatability of the forage and ~ does it change 

seascnall y? 

(6) ~ do fire and herbivory affect the partitiening, .forage 

availability and palatability? 

(7) What is the upper stocking rate of I"m? 

(8) What might be the ccnsequences of altering fire and/or 

herbivory cc:mrunity species conpositien, distrib.Jticn, 

structure and partiticning? 

1.2. avER'VIEW & RATI~ 

Until this decade community studies in the grassland biame have 

lagged behind those for other biomes in southern Africa. This has 

not been the case with studies of individual grass species where 

agricultural cencerns have necessitated investigatiens into various 

aspects, such as pro:::luctien rates, palatability, responses to 

defoliatien and fertilizer and water requirements. !-bEver, with 

the ccnsti tUtiOI of 

synthesis of past and present research effort (Mentis and Hun~ley 

1982, Tainten 1984) a greater degree of directicn has been 

forthccwning. 

Ire primary focus of grassland ccmruni ty studies has been 

descriptive floristic classificatien (eg Killick 1963, Werger 1973, 

Bredenkamp and Thercn 1978) and 'quantificatien of primary 

productien (eg le Roux 1979, Scotcher 1982, Eversen 1985, Smith 

1985). Furtrer studies have been performed en various aspects of 

cc:mrunity processes including herbivory (eg Tainten 1972, Vorster 
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1975), dete~minants and d~iving va~iables (eg Ruthe~fo~d 1978, 

Snyman and Oppe~man 1983) and the impact of fire ol va~ious 

processes, structure, and composi tiOl (eg TaintOl and Mentis 1984, 

Eve~scn 1985) . Othe~ comuni ty p~ocesses such as dec ompos i tiOl, 

nutrient cycling and ~oot tu~over have been neglected and requi~e 

attention. Quite understandably, few ~esea~che~s have attempted to 

dete~mine all these factors fo~ any Ole particula~ grassland 

comunity. The closest attempt has been that of Smith (1985) fo~ 

Ma~iOl Island. To quantify and nodel all the p~ocesses in any Ole 

comunity ~equi~es co-o~dinatiOl of seve~al ~esea~che~s, and 

the~ein lies the the value of the GEP. 

Resea~ch into the g~asslands of Transkei is very scanty indeed. A 

majo~ cOltributiOl was the flo~istic desc~iptiOl cOltained in 

Pcocks' (1953) overview for southe~ Africa. He delimited and 

described eleven grassland veld types ("a unit of vegetatiOl wrose 

range of va~iatiOl is small enough to pe~mi t the wtole of it to 

have the same fa~ming potentialities") occu~~ing in T~anskei. These 

comp~ise 10,2 /. of the grassland biome in southern Af~ica (Mentis 

and Huntley 1982). Pccording to Feely (1986) approximately 75 /. of 

T~anskei was mapped as g~assland by Pcocks (1953). CcrIsequently it 

is impo~tant that resea~ch agencies in Transkei allocate adequate 

attentiOl towards a greater knowledge of this biome. Most othe~ 

studies in T~anskei, usually of a localized natu~e with emphasis 

towa~ds development plans, have deemed it adequate simply to 

pa~aph~ase Pcocks' wo~k, with the exceptiOl of rtKenzie (1984, 

1987) . 

Of the eleven g~assland veld types in Transkei nOle has had even 

elementary quantitative desc~iptiOl o~ monito~ing within T~anskei, 

and Olly few of those extending into South Af~ica have been 

extensively studied the~e (eg fume 5ourveld). Fu~the~mo~e, very 
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few are represented in any C01servati01 area (Edwards 19 74). With 

increasing agricultural demands it is ~~likely that a basic 

understanding of the these veld types will be achieved prior to 

widespread alterati01 through increased demand from subsistence 

farmers. Thus, baseline data will be laCking. 

Over 80 I. of M2R is grassland primarily of the P01doland Coastal 

Plateau Sourveld veld type. Approximately 84 I. of this veld type is 

situated within Transkei. This veld type is certainly worthy of 

investigati01 and elucidati01 of its community processes as it 

forms the upper reference point of productivity of 'natural' grass 

veld in South Africa (Ac:ocks 1953). Furthenrore, according to 

Ac:ocks (1953) it is also the densest grassland in 5O.Jthern Africa. 

Insight into why the densest and potentially rrost productive 

grasslands 

that are 

c01tribJti01 

elsewhere. 

occur here, and determinati01 of the 

responsible for this, should make 

to the knowledge and management 

state 

an 

of 

variables 

important 

grasslands 

There has been no quantification of community processes for this 

regi01. As a resul t the management acti01s at M2R are based on 

knowledge extrapolated fron the so..:r.leld r-egiC!1s of the Natal 

Drakensberg (Granger and ItKenzie 1981). It was stressed that tl":ese 

be modified, if necessary, following regular reassessment of their 

success in meeting the desired goals for M2R. Contrary to the 

reccmnendati01s of JomSO"l et al. (1980) and Granger and ItKenzie 

(1981) rro""li taring progranrnes were not implemented to make these 

assessments and specific management acti01s suggested by Tinl~i 

(1978), Chapnan (1980) and Granger and ItKenzie (1981) have, on the 

whole, been ignored. 

It was after the appointment of a director responsible for the 
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ecological managerrent of ~ that tre for-rrulatien of management 

optiens (as oPpClSE.'Cl to ac tiens ) der- i ved f r-on suppor-ti ve da ta was 

pr-oposed. The pr-ior-ity aspects for- clar-ificatien wer-e r-ecognized 

as those listed by Jomsen et ala (1980), "pr-oductivity, nutr-ient 

quali ty, seasen and fr-equency of turning, and gr-azing and br-owse 

mc:rlitor-ing" and the key questiens wer-e set up, in censuitatien, to 

cover- these aspects. 

The f ir-st two questiens wer-e posed en tre assumptien that it is not 

possible to under-take detailed studies into any aspects of fir-e 

r-egimes or- stcx:king r-ates until an . inventory' of the var-iOJs 

vegetatien types and their- distr-itutien have been obtained. Tre 

for-mat of the other- questiens and the design of the study stemned 

fr-on: (i) the basic model of mass flON within a comunity pr-esented 

by Singh et ala (1975) (see Figur-e 1.1.), and (ii) the expected 

seasenal changes in both par-ti tiening of the above 

conponents and in for-age quality as demonstr-ated for- other-

gr-asslands thr-OJghOJt SOJthern Afr-ica (eg Scotcher- 1982, Ever-sen 

1985, Ccnleng 1986). 

Offtake 

PRIMARY PRODUCTION 
(PHYTOMASS) 

Storage ~ 
utilization 

Senescence Leaf-fall 

I NECROMASS 1----t~~7TER I 
Breakdown ~( 

decomposition 

ROOTSIIoIIIII ... I------~ 
Figur-e 1.1. Schematic diagr-am of mass flON within a community 
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2.1. LOCATIG'Il 

Mkambati Game Reserve is situated en tt-e coast of nortt-eastern 

Pendoland, Transkei (Fig. 2.1.). It covers an area of 7 720 ha and 

is delimited within the coordinates 31
0 

13' - 20'S and 290 55' 

300 04'E. It is bcunded by tt-e Mtentu river to tt-e north and tt-e 

Msikaba river in the south, with approximately 12 km of coastline 

forming the eastern limi t. Tt-e enl y nen-natural bcundary is tt-e 

inland fence in tt-e west (approximately 300 m a.s.l.). The width of 

tt-e reserve ranges from 5,5 km to 8,2 km. It is characterized by a 

combinatien of geomorphic, edaphic and phytogeographic factors that 

are not found elsewt-ere aleng tt-e coast of soutt-ern Africa (Feely 

1986). 

2.2. GECl....CEY & GECH:RPI-(1.00Y 

Mkambati Game Reserve is underlain by Paleozoic pre-Karroo 

sediments of tt-e Natal Group sandstene (formerly Table Mountain 

sandstene) (r:A.J Toit 1912, Sneesby 1933, I-bbday et a1. 1971, JotnSO-I 

and Meyboom 1976), which form a narrow bel t, approximately 16 km 

wide, parallel to tt-e coast (r:A.J Toit 1912, I-bbdayet al. 1971). 

Trese deposits, over 1 000 m thick, are characterized by a grain 

size of 0,5 mm to 1,0 mm and have a compositien dominated by quartz 

with minor amounts of feldspar (Johnson and Meyboom 1976, Karpeta 

and Johnson 1979). H"oalyses from several sites by I-bbday et a1. 

(1971) revealed a hign quartz centent (70 - 98 I.) with cementatien 

primarily by silica. Having been laid down approximately 300 

rr.illien years ago [probably in a shallolo/ marine environment (l-bbday 

et al. 1971, Johison and Meyboc::m 1976)] trey are tt-e oldest 

sedimentary deposi ts in Transkei (I'tKenzie 1984). 

doleritic intrusiens are common in Transkei few are present in this 

al-ea (rAJ Toit 1912, I'tKenzie 1984), but several localized outcrops 

were noted at I'13R during tt-e course of this stUdy. A small outcrop 
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of upper- Cr-etacecus deposits were mapped at tt-e coast in tt-e 

pr-esent ar-ea that is ~ by D..J Toit (1912), between tt-e Mtentu 

Ri ver- (nor-tt-em boundary) and tt-e I"'gwetyana s tr-eam wi thin tt-e 

r-eser-ve to tt-e 5O.Jth. Those to both tt-e nor-th and 5O.Jth ar-e well 

known for- tt-eir- r-ich fossilifer-ous natur-e. Tt-e pr-esence of these 

deposits was confir-med by tt-e Geological Sur-vey of 1976, altt-ough 

Tinley (1978) stated that tt-eir- pr-esence had not been confir-med. At 

sever-a I places along tt-e coast GUatemary to Recent par-abolic-type 

sand dunes wer-e mapped by Tinley (1978). These ar-e found only at or­

near- tt-e outlets of r-iver-s and str-eams. Between tt-e r-iver-s and 

str-eams tt-e land-sea inter-face is mar-ked by abr-upt r-ock faces of 

tt-e Msikaba for-mation which is r-elatively r-esistant to weatt-er-ing 

except along lines of weakness (Feely 1986). Ccnsequently, both tt-e 

shor-e and for-eland ar-e hoTleostatic, i.e. nei tl'-er- pr-ogr-ading nor­

degr-ading (Tinley 1985). 

Situated at tl'-e 5O.Jtl'-em end of tl'-e Natal m::nocline tl'-e ter-r-ain at 

MGR is a typical example of tt-e Tableland topogr-aphy descr-ibed by 

Kr-uger- (1983). King (1963) pr-oposed that tt-e str-uctur-e of tt-e 

shor-e 1 ine was deter-mined by tl'-e dynamics of tt-e m::noc line. f-b...ever-, 

~cud (1961) and Par-tr-idge and Maud (1987) disputed this, stating 

this r-egion ar-e tre block str-uctur-es and the str-uctur-e of the r-ock 

(IOstr-uctur-al contr-ol"). Never-tt-eless, it is tl'-e only unfaulted ar-ea 

along the south-eastem Afr-ican coast wt-er-e tl'-e r-egional dip is 

r-elatively low and away fr-om tl'-e shor-e (J. Feely per-so Cc:mTI.). Land 

facets are or-ientated parallel to the coast except wt-er-e dr-ainage 

Systems have cut acr-oss them at r-ight angles. I"bst of the slopes 

are less than 5 I. except on scar-p sur-faces SLLch that the r-ise fr-om 

the sea (at the eastem boundary) to tt-e inland t:o.Jndary (:!: 3CX) m 

a.s.l.) is gentle (Fig. 2.2.) with an aver-age gr-adient of 3,8 I.. 
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Tn~s gentle topography ~s the .result of intense planation since the 

Tertiary and is interrupted by tlflO steps parallel to the coast that 

were formed during intervals between periods of past geologic 

uplift (Du Toit 1912, King 1963. Tinley 1978). It is argued in a 

recent synthesis by Partridge and Maud (1987) that this uplift was 

considerably greater tha~ previously thought. These steps are 

evident in Figure 2.2. at 85 m and 190 m and are characterized by 

steep surface gradients ranging between 10 'l. and 15 I.. They mark 

the position of past srorelines. Superimposed on trese periods of 

uplift were several episodes of alternating marine transgressions 

and regressions brD.Jght abo.Jt by eustatic changes in sea-level 

evident in the various Cretaceo.Js strata along the Pondoland coast 

north and south of I"I::P (Cooper 1974). 

Traversing these gentle, stepped surfaces are three ~cjor perennial 

drainage systems, the Mtentu, Mkambati and Msikaba rivers, each 

wi th a deeply incised gorge. Trese also resul ted from periods of 

uplift that initiated a greater erosion intensity due to the 

lowering of the base-level. NumerD.Js smaller drainage systems with 

their total catchment within the reserve are orientated parallel to 

trese major systems. 

2.3. SOILS 

On a broad scale, 

sandstones and the 

dystrophic, sandy 

the coarse-grained strata of the Natal 

high rainfall have given rise to 

soils (Tinley 1978), characterized by 

Group 

acidic, 

a weak 

structure, high permeability, but low available moisture capacity 

(Maud 1966) • The soi 1 s of the I"I::P region were mapped by van der 

Merwe (1962) as Gley-like Podzolic Soils typical of the Natal 

coastal bel t, where cl imate has been the dominant soil forming 

factor. The high temperature and rainfall have promoted the 

deve1 opnent of well weathered and leached soils with very little 
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clay mineral diversity. Kaolinite and illite are the most 

prevalent, with small atraJrlts of rocntJrorillO"'li te (van der- Merwe 

1962, Maud 1966) • Deposi tiO"'l of irO"'l oxides in the B t-or-izO"'l may 

occur (van der- Merwe 1962). In areas where igneous r-ock has 

intruded through the sandstO"'le to near the surface parent material 

often overr-ides tr-e effect of climate as the dO'1'linant soil-forming 

factor. This usually results in the development of soils with 

mar-ked lateritic characteristics related to those of Red 

Fer-rallitic Soils. Such soils are characterized by 

reddish-brClW1 colour (van der Merwe 1962). 

a red or 

Previous descriptiO"'ls of the study area have stated that a further 

limiting factor-, other than the very acidic and dystrophic nature 

of the soils, is their shallow depth or the developnent of 

ferricrete (Tinley 1978, Chapman 1980, Jooste et al. 1985). On the 

cO"'ltrary, other than those forms characterized by shallow t-orizO"'ls 

(eg Mispah and Glenrosa), the soils at M3R are, O"'l average, deep. 

Ferricrete is not prevalent and the primary limitatiO"'l to rooting 

depth is saprolite and wet seascn waterlogging (see Ch. 3). Tinley 

(1982) is of the fir-m opiniO"'l that such severe alternatien frO'1'l 

excessive moisture during the wet seascn to excessive drying during 

the winter- is the primary factor determining the distributiO"'l of 

grasslands. In sane areas the sa pro li te i tsel f forms a very deep 

t-orizO"'l ()1,0 m). Signs of gleying and gley t-orizO"'ls are common at 

the base of the catenal sequence. Ferricrete is not CO'1'lrocn, 

possibl y due to the low irO"'l status of Natal Group sandstene and 

lateral el~viatior. rather t~~ deposition in the B horizon (V~~ der 

Merwe 1962). 

In gener-al, the soils have weakly structured, acidic [pH < 5,0 (in 

water)] A hor-izens, pr-imarily orthic, but with a few sites 

characterized by a hJmic or- organic topsoil (eg wetlands). The 
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majority of the so~ls are sandy loa~ or loamy sands. Where a B 

rorizen is present the A rorizen is deep (35 80 cm). Other tt-.an 

gleyed rorizens the subsoil is an apedal red or- yellcw-bn:w:"l 

ror-izen of the H..ltten or Clovell y for-m, typical of Wood and van 

Sch:lor-' s (1976) gener-alized classificatien (Red and 

Yello,..:lErov..., Apedal soils IrJith an orthic epipedcn) for this area. 

The sand centent (I.) deer-eases fr-om the coast inland. 

The soils wer-e mapped and analyzed in gr-eater- detail during the 

cour-se of this study and the results are repor-ted in Chapter- 3. 

2.4. CLII'1CITE 

According to the Koppen system MGR is classified as having a humid, 

temperate climate with sufficient r-ainfall in all seascns, a mean 

temper-ature above 1
0 C for- at least eight months of the year, and 

the rrean for- the coldest month being above -~ C (Sc:h.Jl ze 1947). Do 

a br-oad suocentinental scale, this r-egien exper-iences the climatic 

cycles typical of the south-eastenn seaboar-d descr-ibed by Tyscn 

(1986). Do a local scale, details of the major- climatic variables 

ar-e given belQ,oj. 

2.4. i. Rainfall 

The aver-age annual rainfall is 1 200 mm (56 year-s data) of which 

61 I. is r-eeeived during spring and sumrer- between September and 

February. A minirTUm of 50 mm is expected every month. The monthly 

distributien of the annual rainfall and number of rain days are 

illustrated in Figure 2.3. The nature of the rain is usually 

cyclenic although often cenveetional during summer. Th-lnderstorms 

are evident en average, for twenty days per annum, generally 

restricted to early spring (Tyscn 1986). 

The frequency distribution of annual rainfall (Fig. 2.4. ) 
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illustrates that the median is close to the mean, reflecting a 

relatively even distrib.JtiOl. At extremes, Ole in ten years may 

experience unusually high rainfall of greater than 1 600 mm (400 mm 

> mean), whereas OIly Ole year in fifty is expected to receive less 

than 800 mm (400 mm < mean). 
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Figure 2.3. Monthly distributiOl of rainfall and number of raindays 

Unfortunately, the recording of rainfall during the study period 

was erratic with several mcnths being ani tted. The last year with 

complete records was 1982. Al ternative data fron the nearest 

statiOl, [Transkei Agricultural CorporatiOl (TRACCR) - Mkambati 

Sugar Project, 15 km northwest] indicated that rainfall was close 

to the 'normal' during the beginning of this study, but the latter 

half of 1986 and early 1987 received cOIsiderably more rainfall 

than 'normal'. 
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Mkambati Game Reserve is situated on the periphery of the core area 

in southern Africa that experiences a quasi lS-year cycle of 

al ternating wet and dry periods (Tyscn 1986). These regions have, 

on average, nine years of which the majority will experience bel~ 

average rainfall, followed by nine years of which most will have 

above average rainfall. This decade is experiencing years with 

mainly bel~ average rainfall as reflected in the MGR records for 

1980, 1981 and 1982 (lOIESt yearly total ever recorded at I"m). 

Extrapolating the data fron T'RACCR, the years 1985 to 1987 

experienced a total rainfall close to the long term mean. 

2.4.2. Temperature 

Characteristic of its coastal location, MGR has a relatively 

equable temperature regime, both diurnally and seascnally. The mean 

annual temperature at Por-t St. Joms (50 km to the soutt-west, 31
0 
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38'S; 290 33'E) is 20.1
0 

C and at Port ShepstO'le (75 km to the 

northeast, 30
0 

44' S; 30
0 

27' E) 20.6
0 

C (Weather Rlreau 1986). At 

roth tt-ese statiO'ls the range about the mean is less than -? C. As 

the records for both these statiO'ls are so similar, it may be 

presumed that I"ffi experiences a similar temperature regime. nus 

onlY the data from Port St. Johns are reviewed to characterize I"ffi. 

The warmest IT01ths are January and February. MinifTUITI temperatures 

are recorded during July and August. Frost is absent [the 10lleSt 

temperature 
o 

ever recorded was 5,6 C (Sept. 1932)]. Temperature 

data from mid-1985 to mid-1987 from TRACOR are in reasonable 

agreement wi th those for Port St. Johns ( 10lleSt mean mc:nthl y 

minilTUITl = 8,4
0 

C; highest mean mc:nthly maxirrum = 26
0 

C). The data 

from Port St. Johns are summarized in Figure 2.5. 
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Diurnal temperature variatiO'ls are also relatively small even in 

winter. Di tferences in the mean temperature at oe-oo and 121-0:) are 

less than 6°, C for all mc:nths of the year. 
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2.4.3. Relative Humidity 

Relative humidity is high th~oughout the yea~ with a yea~ly mean of 

74 I. and mc:nthly means ~anging frum a low of t:I:) I. (Fig. 2.5.) in 

June and July to 85 I. f~01l January to Ma~ch (Weathe~ B..t~eau 1986). 

2.4.4. Wind 

The winds blow p~ed01linately f~01l the 5O..Itt-west [not no~tt-west· as 

~epo~ted by p~evious ~esea~che~s; see wind ~ose diag~am fo~ Po~t 

st. Joms (Cawe et .1. 1983)] and no~theast pa~allel to the coast. 

Diurnal cyc les of land and sea b~eezes a~e cc::mncn. MaxilTUlll wind 

speeds a~e ~eco~ded du~ing Sl.JITYT'e~ and sp~ing (Jooste et al. 1985). 

The c01lbination of st~ong winds and salt sp~ay a~e likely to have a 

ma~ked effect on the structu~e and composition of the vegetation 

adjacent to the sho~e. 

2.5. SOIL I'1JISTl..R:: 

Soil noistu~e was measu~ed at monthly inte~als at th~ee sites 

th~oughout the pe~iod of ~eco~ding changes in standing crop (see 

eh. 5). At each site fifteen samples we~e taken, one f~01l each 

clipped quad~at in each of the th~ee t~eatment plots (five quad~ats 

per- plot). The samples we~e taken to a maxilTUlll depth of 15 cm to 

coincide with the major- ~ooting zone (Shackleton .t &1. i988) • 

After- t~anspor-ting the samples to the labo~ato~, the soil noistu~e 

status (I.) was dete~mined g~avimet~ically. The r-esults a~e 

p~esented in Figur-e 2.6. 

Soil rroistu~e was highest du~ing sp~ing and surrmer f~O'Tl ~gust 

th~ough to Februa~. The~eafte~ it declined th~ough winte~ until 

the onset of the ,sp~ing r-ains. Trese a~e only tr-ends and the~e we~e 

ma~ked exceptions with soil noistu~e 'dr-oughts· du~ing the ~ainy 

season or significant inc~ements in mid-winte~, ~eflecting 

variation in timing of p~ecipitation. 
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Soil croisture status was higher- in unburnt grasslands, thaio 

recent 1 y burnt grasslands, at both the Triat£hya. l.uc::othr1>< 

Loude~ia simplex and Cymbopogon validus Digitaria natalensis 

sites. This is probably due to the higher litter loads in un turn t 

grasslands (Sect. 5.4.). The different croisture status at the three 

monitoring sites is due to differences in soil properties such as 

texture and organic matter (see Table 5.1.). 

There was no significant statistical relationship between the soil 

croisture (I.) and recorded rainfall during this study. However, 

there was a significant (p < 0,05) non-linear relationship between 

mean monthly soil moisture recorded during this study and the 

expected mean monthly rainfall expressed by the function y = x/(ax 

+ b) at the C. validus - O. natalensis and Themeda triandra 

Centella asiatica sites. It was not significant for the T. 

leucothrix - L. simplex site. 

2.6. I.,,£E£TATIO\l 

Biogeographically MGR is situated in the Indian Ocean Coastal Belt 

(Werger 1978), which extends all along the eastern seaboard of 

Africa fran 5O..Jtheastern Sorrialia to Port Elizabeth (RSA). This 

ove:""laps wi th the Savanna Biome of P....!ther-fo:"'"d a,r,d Lo-Jestfall (1986) • 

I consider- the latter is a misnomer for the. coastal areas cf 

Transkei because: (i) it bears no resemblance to the 'traditional' 

savanna genera 11 y characteristic of more arid regions, and (ii) it 

excludes coastal grasslands due to mapping scale constraints and 

temperature requirements. Therefore the description below was drawn 

mainly fran the scheme of Werger- (1978) and description of White 

and M::lll (1978). 

Due to sharp small scale changes in climate and soil the Indian 

Ocean Coastal Belt is divided int~ a mosaic of various vegetation 
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types r-anging fr-om edaphic gr-asslands to tall for-est. The SOJthern 

per-tier., r-efer-r-ed to as the Tc:ngoland-Pc:ndoland Regienal I"bsaic 

extends fr-om the Limpopo r-iver- (25
0 

5) to Por-t Elizabeth. It is 

char-acter-ized by a r-elative absence of Guineo-Congolian linking 

species in favcur- of Afr-orrcntane, Kar-oo-Na.mib and Cape linking 

species. The latter- ar-e commc:n in ar-eas situated en nutr-ient 

deficient, sandy soils - commc:n at MGR. Accor-ding to White and Moll 

(1978) the woody compc:nent of the vegetatic:n has been sever-ely 

al tered thr-cugh the actic:n of man during the last 6(X) year-s, but 

r-ecent wor-k has disp..Jted this (Feely 1986). Tt-us, pr-esent knOll/ledge 

indicates that significant portic:ns of the coastal belt (including 

northeastern Pc:ndoland) have been dominated by gr-asslands for- the 

last 2 000 year-s, and pr-obably thr-cughout the Holocene. 

Cc:nsequentl y, by implicatic:n, the pr-esent disjunct, small patches 

of for-est wer-e not significantly more extensive than today for- at 

least 10 000 year-s, cc:ntr-ary to general belief. Examina~ien of a 

5er-ies of aerial photographs covering MGR dating back to 1932, 

indicated that the distributic:n of indigencus forest has har-dl y 

changed over- the last 50 years. 

The vegetatien of MGR is probably a typical example of the edapnic 

gr-asslands that cc:nsti tut.e part of the Tc:ngoland-Pc:ndoland I"bsaic. 

Due to the equable clirrcte productivity is high, permitting a high 

burning frequency of two or- three times per annum, if so desired 

(White and Moll 1978, pers. obs.). This high burning frequency has 

promoted the dominance of fire toler-ant and resistant species such 

as Tristachya leucothrix, Trachypogc:n spicatus and Themeda 

triandr-a; and if ccupled with selective gr-azing promotes invasic:n 

and dominance by Aristida junciformis (White and Moll 1978). 

Ch a finer scale the Tengoland-Pc:ndoland I"bsaic includes Acocks' 

(1953) veld types 1, 2, 3, 5, 6, 10, 23 and 24. By locatic:n ~ 
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shaJld be classified as veld type 1, Coastal Forest and Trornveld. 

bJt the species CO'Tlposi tien makes it more akin to Pondoland 

Sourveld (no. 3). Except for the low ab.Jndance of Ttwm.d. tri&ndr. 

there is little difference between the flora of I"'ER and Acocks' 

(1953) descriptien of Pendoland 5o.Jrveld, whereas it does exhibit 

several differences frO'Tl veld type 1. Closer inspec:tien of Pcocks' 

(1953) map and cO'Tlpariscn with the field si tuatien leads Ire· to 

cenclude that the boundaries of all the veld types in this regien 

shaJld have been further to the east. Trus, Pendoland 5o.Jrveld 

extends to the coast (in this regien) and . t\qengeni veld extends 

further east than mapped. 

Several local, quaE tative surveys have been perforrred <Tinley 

1978, Chapman 1980, Jooste et al. 1985), with most drawing heavily 

from Acocks' (1953) descriptien and Tinley's (1978) report. The 

major discrepancy between reports of the various researchers 

concerned the existence of extensive swards dO'Tlinated by Aristida 

junciformis. Whilst Tinley (1978) never mentiened such grasslands 

and Collinscn (1981) clearly stated that I"'ER was relatively free of 

A. junciformis, Chapman (1980) stated that they were present a..,d 

that I"'ER was in the process of bec:crning . t\qcngeni veld, and this 

was repeated by Jooste et al. (1985). After extensive qualitative 

and quantitative surveys of the reserve during this study it 

appears that this is not the case. Certainly, A. junciformis is 

present, especially aleng abandoned roads and moist sites on the 

fringes of wetlands as well as several very small areas where it is 

dOTiinant, but other...:ise it is not a major cCJr1tdbutor to the 

bionass or cover over most of the reserve. The satre controversy 

between researchers was evident at Dwesa Nature Reserve to the 

south, where both Moll (1974) and Tinley (1975) suggested dominance 

by A. junciformis; but quanti tati ve analysis by ItKenzie and 

Cowling (1979) refuted this. As a detailed quantitative description 
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of the grasslands was ccrnpleted during the COJrse of this study 

(see Ch. 4). cnlya broad overview of all the vegetaticn types is 

presented here. 

Six major vegetaticn types are ccnspicuOJs at r-ER, most with 

several ccrrm .. !!li ties. For ease of reference the most extensive 

communities have been summarized in Table 2.1. 

Table 2.1. Major comunities at Mkambati Game Reserve (areas are 
approximate) 

I.,£GETAT I CN 
TYPE 

Forest 

(662 hal 

Scrub 

(40ha) 

Grassland 

(6 250 hal 

Terrace 

(490 ha) 

Beach 
picneer 

CO'1'1..J'JITIES 

D...lne 
Swamp 
Undifferentiated 
Mangrove 
Exotic 

Stoebe-Athanasia 
Pro tea 
Exotic 

Short 

Medium 

Tall 

Aristida 

Strelitzia 

Perennial 
Seascnal 
Reed 
Pricnium 
Streambank 

ID1I~ GEf\ERA/SPECIES 

Minusops, Brachy I aena , Psychotria 
Syzygium, Voacanga, Rauvolfia. 
Schleffera, Milletia, Trichilia. 
Bruguiera gymnorrhiza. 
Eucalyptus spp. 

Stoebe vulgaris, Athanasia calva. 
Pro tea caffra. 

Var iOJs ( eg. Lan tana sp. l-lakea ser icea , 
Acacia saligna). 

Themeda triandra Stenotaphrum 
sec und a tum , Ruel iia cordata. 

Tristachya leucothrix, Loudetia 
simplex, Elicnurus nuticus. 

Cymbopogcn validus, Digitaria 
natalensis. 

Aristida junciformis. 

Strelitzia, Gnidia, Rhoicissus. 

various 
Eragrostis inamoena, Scleria spp. 
Phragmites australis. 
Pricnium serrata. 
variOJs 

Ipomoea brasiliensis, Scaevola, 
Sporobolus virginicus. 

This regicn is significant in terms of its ccnservaticn status 

thrOJgh the presence of a relatively large number of endemics (van 

Wyk and Schire 1986) and OJtlying species that exhibit no 

ccntiguity with the rest of their distrib..Jticn. To date c:ne fa:nily 

(Rhynchocalycaceae), six genera (eg Jubaeopsis, Pseudosc:olopia) 
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and /TOre than :x::> species have been listed as endemic to the regiOi, 

40 or /TOre of which have been noted in the reserve (B-£. van Wyk 

pers. CO'Ml.). T~ span both woody species and forbs b..Jt no 

graminoids. Recently 16 undescribed species were collected in and 

around !'13R (Jordaan 1987) • The number of cutl ying species is 

difficult to assess from other researchers' collectiOis, b..Jt at 

least three were collected during the ccurse of this study 

(Rhytachne rottboellioides, Eragrostis acrea and Sacrolepis 

indica) • A comprehensive checklist for the reserve is in 

preparatiOi (specimens still awaiting identificatiOi). Presently 

the li~t comprises 906 species distrib..Jted thrcughout 488 genera 

and 136 f ami I ies. 

2.7. F~ 

The latest census figures for the populatiOi numbers for each of 

the common, large herbivore species are given in Table 2.2. Numbers 

of the less CO'MlOi species such as reec:lb..Jck (Redunc:a arundinum), 

b..Jshbuck (Tragelaphus scriptus) and duiker (Sylvic:apra grimmia) are 

undetermined. 

Table 2.2. Herbivore numbers at Mkambati Game Reserve 

HERBIVORE SPECIES cx:M"(J\J ~ N...I"IE£R (10/' 86 ) 

Damaliscus dorcas phillipsi blesbok 6:X::> (- young) 
COinochaetes taurinus blue wildebeest 290 
Equus b..Jrc he lli EUrchell's zebra 98 
Taurotragus oryx eland 186 
Oryx gazella oemsbok 40 
Aepyceros melampus impala B.) 

Tragelaphus streosiceros kudu 40 (estimate) 
Equus zebra mountain zebra 40 
Alcelaphus b..JselaphUs red hartebeest 140 
Antidorcas marsupialis springbok 60 

TOT~ 1 624 

Many of t~ species were introduced into the reserve during 1979 

t-'ith the establishnent of the reserve (see Sect. 2.8.3.) and did 
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not occur in the area historically (Skead, in press). From 

consideration of Table 2.3. which was derived from Skead's work it 

Table 2.3. ~imal species indigenD.ls to the r-m region according to 
Skead (in press) 

~JI~ SPECIES HISTCRlCA.. 51 ATUS IN TI-E AREA 

PRESEf\zT POSSlaE OOJ8TFU.. ABSENT I\() 
RECffiD 

Bat:x:x:n + 
Black-backed Jackal + 
Blue Duiker + 
BrOW1 Hyena + 
8.lffalo + 
8.lshtuck + 
8.lshpig + 
Cc:mrcn Reedtuck + 
Dassie + 
Eland + 
Elephant + 
Grey Duiker + 
Hippopotcrrus + 
Leopard + 
Oribi + 
Porcupine + 
Red Hartebeest + 
Serval + 
Spotted Hyena + 
Vervet Mc::nkey + 

Black Wildebeest + 
Blesbok + 
Lion + 
Red Duiker + 
Wart rag + 
Wild dog + 

Black Rhinoceros + 
Cape Grystuck + 
Kudu + 
Ostrich + 
White Rhinoceros + 

Blue Wildbeest + 
8.lrchell's Zebra + 
Cheetah + 
Gemstok + 
Giraffe + 
I"b..!.., tain Reed tuc k + 
I"b..Intain Zebra + 
Springtok + 
Steentuck + 

Caracal + 
Clawless Otter + 
K Ii pspringer .. 
Samango Mc::nkey + 
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is ev~dent that approximately 40 I. (in terms of numbers, 70 I. in 

terms of species types of dcminant species) of tre total rerbivore 

complement is not indigenous to tre area. H::w?ver, it ITUst be borne 

in mind that tre reserve was initiated as a h.lnting enterprise, and 

in such circumstances management was not c:encemed abo..lt tre 

. naturalness' of tre species ccmplement, rut stocked solely with 

animals trey believed clients would like to shoot (see 5ec:t. 

2.8.3. ). 

A crecklist of small malTYTlals occurring at I"I::R based en recent 

trapping was compiled by van Niekerk (1987), and of birds by Vernon 

(1982) and Shackleton (in prep.). These have all been SLIITYl\arized by 

Shackleton (in prep.). Several furtrer lists were ccmpiled by 

Ruddle (undated) from a variety of texts for snakes, rodents, 

amphibians, fish and birds that sha.Jld occur in tre area. It ITUst 

be noted that these are not based on visual sightings at rvm rut 

from large scale maps with poor resolution. Ccnseouently, trere is 

tre distinct possibility that some species recorded in these lists 

are not present at I"I::R, and never were. 

2.8. ~ II"PPCT 

2.8.1. Pre-c:olonia.l 

CTte of tre factors contrib..Jting to Mkambati being proclaimed as a 

conservation area was its low settlement density (J.E. Granger 

pers. ccmn.) which minimized translocatic:::n of rural people to 

a1 ternative sites. The low density settlement of this entire 

Tableland regic:::n had certain 1 y been tre case for tre last 2 000 

years (Feely 1986) a"1d it was unlikely to have been any higher 

before that. Trere are several possible reasons for this pre­

col c:::n ia 1 , low density settlement including tre high incidence of 

stock diseases (Bigalke 1979, L. Amaral pers. ccmn.), poor grazing 
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(therefore a low game density?), Tableland terrain (Feely 1986); 

deep soils with inadequate subsurface conditions for 

(Feely 1986), vegetation type (Feely 1986) and low 

grain 

incidence 

pits 

of 

subsurface dolerite (Hall 1981). Thus, it appears that this 

was never settled in a similar fashion to the rest of 

region 

coastal 

Transkei. However, evidence of exploitation of intertidal resources 

was recorded by Feel y (1986) and Prins and Strever (1987) with .tt-e 

occurrence of marine shell-middens along tt-e coast and in several 

rock st-el ters further inland. Prior to this, on the basis of 

di seover ies to the north and 5CX..i th of M3R, it was 1 ike 1 y that low 

seale exploitation by hunter-gatherers had occurred throughout tt-e 

region for tt-e last 150 000 to 5CX) 000 years (Cawe et al. 1983) • 

These hunters probably fired tt-ese grasslands on a frequent basis 

(Hall 1984, I"k:Kenzie 1984), prCJtOC)ting a fire adapted biota. 

This exploitation was also practised within tt-e reserve itself by 

late Stone Ptge hunters as evidenced by the recent discovery, in 

1986. of several rock st-el ters with rock paintings, marine 

middens and pottery remains. Even more recently (Sept. 

shell 

1987) 

furtt-er 

of the 

rock paintings have been found as well as a knapping site 

Stone Age period along with smelting slag indicative of 

I rcn Age f ari'i.ers { PI ins a.,d 5trEr'v'e:"r 1987). 

2.8.7. Colonial - 1978 

Tt-e Tableland region was not inm.Jne to the political, sociologic.:;.l 

and econO'1lic developrrents of the eastern seaboard as a wt-ole and 

Transkei in particular. Forces that had been in control for the 

past several thousand years were altered with regional upt-eavals as 

a resul t of Mfecane and the advent of European missionaries and 

settlers. Present day inhabitants are of the Mph;ndo people which 

have resided there since 169:>, if not earlier (Feely 1986), but 

always at low densi ty. The first European inhabitants of Pondoland 
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ar-r-ived in 1839 (Cawe et al. 1983) and by 1894 Pendoland had been 

annexed and was administer-ed by the Cape Government (!'tKenzie 

1984) • nus ene wculd have expected that soc:ner- or- later- the 

Tableland r-egien would have been subjected to incr-eased settlement 

due to incr-eased poPUlat~en pr-essur-es br-ought about by gr-eater 

political stab11ity, influx of Africans evicted from the south of 

the Kei r-iver by the Cape Government (ltKenzie 1984), an incr-easing 

ecenomic base. and impr-oved basic heal th car-e. 

However-, the Mkambati ar-ea specifically did not exper-ience such 

incr-ements in settlement density dur-ing the 20th century, as it was 

pr-oclaimed a leper- coleny in 1920 (Vincent 1984), administer-ed by 

the Depar-tment of Health. Ruddle (per-s. CO'Ml.) suggested that it 

was eadier- than this. Land was allocated to the hospital and 

rehabi 1 i taticn centres for- agricul tural purposes, which ene 

presumes was to promote self-sufficiency and thereby reduce centact 

wi th the surrounding areas. The total extent of the "coleny" is 

presently unknown but certain of the pr-esent accommodatien 

complexes away fr-om the main rospi tal are known to have been 

recupE't-atien dormitories which indicate at least ene third of the 

present area (if not the total area) was under the jur-isdictien of 

the hospital. It is known that cattle were grazed en this land but 

stocking records ar-e unavailable (P. Goss per-so comm.), although 

Vincent (1984) reported that at times there were up to 8 000 head. 

I f that occurred aver the pr-esent extent of the reserve it would 

have been the equivalent of 1,04 AU/ha; about five times tI"E 

present reccr.vnended rate. It was evident fr-am early aerial 

protagraphs (1932) that areas of the present r-eserve were 

cultivated especially in the vicinity of the hospital complex. This 

may be respcnsible for- the locatien of par-ticular grassland 

ccxmunities (S.E. Shackleten pers. ccmn.). It was also clear from 

past aerial protagr-aphs that what is pr-esentl y M3R ,,-ciS divided into 
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large blocks. separated by fences. and that these were rurnt cn a 

controlled basis. The frequency and number rurnt at a tirre is 

unknCWI. With the decreasing incidence of leprosy during the 20th 

century part of the hospital was r-edesigned to cater for people 

suffering fr-om tuberculosis (TB) and the first patients were 

admi tted in 1958 (Vincent 1984). Wi th a reducticn in the number of 

TB patients the land adjacent to the hospital was taken over by the 

Dept. of Finance (Transkei Government) in 1978 to be run as a 

hunting ccncern. The hospital was transferred to this operaticn in 

1983. 

2.8.3. Present management (1978 cnwards) 

After the transfer of the hospital lands to the Department of 

Finance a ccnservaticn area was proclairred to be managed as a 

hunting ccncern. The ccncern was managed by private individuals rut 

the government held 51 I. of the shares. From the start, the area to 

be run in this manner certainly included all of the present reserve 

(see boundary delimitaticns in memorandum of agreement between the 

Secretary for Agriculture and Forestry and company directors 

5/1/79). This partnership had the following objectives: 

"(a) To E?r"Icc:urage influential tOJrists to visit M3R thereby 

assisting in the economic and political recogniticn of 

Transkei; 

(b) to operate a garre lodge and to provide walking, driving, 

river and hunting safaris; 

(c) to trade curios, skins and leathers; 

(d) to arrange transport to and from the reserve by road and 

air; 

(e) to obtain the services of qualified conservation officers; 

(f) to trade in garre; 

(;!) to market veniscn and export the same; 
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(h} to enter into finance agrE'E'fTlE'nts to tre ful fi llment of 

tre above p..Jrposes." 

To Sl.II'IV1'larize tre above, tre primary objective of I"m was to 

generate revenue thn::ugh tre sale of game products in tre form of 

hunting safaris, meat, trophies and skins whilst entertaining 

influential tourists/visitors (my emphasis), and thereafter ·the 

provision of otrer . types' of safaris. I\b references were made to 

econc::mic viability of such a venture, nor the ecological potential 

of the area to support such an enterprise. Several of the 

reconnaissance surveys performed to assess the area were requested 

after the initial stocking had commenced. 

A move to ful fill the listed objectives was made with the delivery 

of at least 1 631 animals, including 959 blesbok, 75 eland, 66 

zebra, 215 hartebeest, 135 gemsbok, 48 kudu, 9 giraffe, 6 

springbok, 100 impala and 18 blue wildebeest, between March and 

October 1979 (I"m filed receipts). The exact number established is 

unknCWI due to animals killed in transJX)rt (were they replaced?), 

subsequent deaths wi thin a few weeks, and incc::mplete records of 

further purchases and deliveries. Furtrer plans to introduce 

tigers, Himalyan bears, cheetah and crocodiles (Bigalke 1979, I"ffi 

filed invoices) and various species of exotic game birds such as 

pheasant and grouse (J .E. Granger per-so COlM'l.) never reacred 

frui tim. Several plans for construction of various t-otels were 

likewise not carried through (Bigalke 1979, O' Connell et &1. 1979, 

Agricul tural 1"lanagement Service 1982). The initial staff had no 

ecological expertise. 

After cc::mplaints about the proposed introduction of exotic species, 

inadequate management and uncontrolled turning of the grasslands 

(J.E. Granger pers. COlM'l.) several qualitative surveys were 
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undertaken to assess the suitability of the reserve for particular 

species, its carrying capacity and cO'lservatiO'l status (Bigalke 

1979, Chapnan 1980, Joh1sc:netal. 1980, Collinsc:n 1981, Granger 

and I"k:Kenzie 1981). Despite these surveys it appeared that the 

managers were unwilling or unable to implement the various 

reccmnendatiO'ls and guidelines, such that the Natal Parks Board 

refused to supply further animals. At the end of 1982 the secO'ld 

partnership was dissol ved and the Transkei Government asSUlTed total 

centrol and management of the reserve. Management policy and 

decisiO'ls were thereafter effected through a board of directors 

appointed by the government. 

Wi th the appointment of a director cencerned with ecological 

management of the reserve a more streamlined and permanent, 

al trcugh unwri tten, management policy was implemented and the dai 1 y 

running of the reserve was regularized. The reserve was divided 

into six management 'blocks' of approximately equal size (A - F; 

see Map 1) and a triennial burning cycle was proposed (Kime 

1984). This would cD1lprise an early winter burn the first year, a 

late winter burn the secO'ld, and no burn in the third year divided 

between the six blocks. Caisequentl y, four of the six blocks would 

be burnt every year. At present this plan is not in operatien a,.,d 

in essence the reserve is burnt 0'1 a biennial basis so that 50 I. 

(three blocks) of the reserve is burnt each year. Firebreaks are 

burnt at the beginning of winter around the whole reserve and major 

forested areas, and between blocks. However, several forests have 

been burnt wi thin the last three years and small patcheS of swamp 

forest and Pricnium .. rr.tum are ignored and burnt 

indiscriminantly. 

The provisien of cencentrated supplementary feeds during the winter 

ceased in the early 1980's. Approximately five animals are culled 
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each month to supply rations to employees. The trophies and skins 

a ... e not sold. Roads and fences a ... e maintained on a regular basis. 

Aerial censuses of the animal pClp.Jlations a ... e conducted at 

i ...... egula ... intervals. 

Su ... rounding inhabitants are permitted to harvest thatch g ... ass 

(Cymbopogon validus) within the ... eserve. Illegal stripping of bark 

fa... herbal medicines and poaching of la ... ge herbivores occurs, 

although not p ... evalent ~N. Ayliffe, pers. comm.). Control of alien 

species is not regularized and is only via mechanical means. At 

some stage, the area no ... th of the Mkambati river (! 50 'l. of the 

... eserve) was p ... oclaimed a 'Wilderness area' and closed to tourists. 

This a ... ea is now open fo ... walking 0 ... guided land ... ove ... tou ... s. 

Reviewing whether or not the stated objectives have been achieved, 

it is clear that past and p ... esent management have fallen fa ... sho ... t 

of the stated objectives, with only objectives (d), (e), to a 

limi ted extent, and (h) being attained, none of which serve to 

generate the intended ... evenue. Consequently, either the objectives 

should be reviewed a'1d al tered where necessary, or the actions and 

decisions ... equi ... ed to implement tt-em al tered. 
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SOILS 

3. 1. OBJECTI'IIE 

The pu~pose of this section was to dete~mine the ~ange in physical 

and cnemical p~ope~ties and the spatial dist~ibution of the soil 

types at ~. 

3.2. OVERVIEW & RATIO\R...E 

Sci 1 mapping invol ves the ~ecogni tion and del ineation of va~ious 

uni ts of soil (fo~ms, phases, associations, G~eat Soil G~oups, 

etc.) that a~e h:::m::lgenous and meaningful in te~ms of the objectives 

of the su~ey (van de~ Eyk et al. 1969). The p~imary objective of 

soil sur-vey is to gathe~ info~mation fo~ usually one of two very 

diffe~ent ~easons and end use~s, and, along with te~~ain maps it 

consti tutes the p~imary basis fo~ land-use classification (Young 

1973, Davidson 1980). The fi~st is ag~icultu~ally o~ientated, in 

which the p~ope~ties and dist~ibution of the va~ious soils within a 

given a~ea a~e desc~ibed and mapped in g~eat detail in o~de~ to 

assess thei~ suitability fo~ pa~ticula~ c~op species (eg Maud 

1966). The second has an ecological bias and aims to use soil data 

to inte~p~et the dist~ibution and dynamics of the biota. In this 

instance co~~elation of pa~ticula~ soil types and/o~ p~ope~ties 

with vegetation (eg Tinley 1982, Walke~ 1982), o~ soil p~ope~ties 

wi th animal dist~ib..ltion and impact (eg Dc:wiing 1979, Bell 1982) is 

impo~tant. It was with the latte~ objective (co~~elation of soils 

wi th speci fic g~assland conYTUf1i ties and animal impact on tt-ose 

c01\Ti\..J.r.ities) tt-tat a des;:~iptiCT, and map of the seils at Mka.rnbati 

was p~oposed. It was ~ecognized that it would have secondary uses 

such as siting of ~oads and indications of ag~icultu~al 

but discussion on these is limi ted as it was beyond the 

the p~esent study. 
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3 . 3 . !"ETHJDS 

There are two approaches in sampling an area for soil mapping 

purposes: (i) to place samples systematically along a predetermined 

grid system ("grid survey", Yo...mg 1976) over the wt--ole survey area, 

or (ii) to correlate soils with landforms by mapping the various 

landforms frOTI aerial ph:itographs and topographical rroaps ar,d then 

sampling selectively within each of the landforms ("free survey", 

Yo...mg 1976). The underlying approach in this study was that of 

grid-survey. Samples were taken througtoJt the reserve, but not in 

a rigid grid format. The density of samples in any specific area 

depended on changes in topography, vegetation and surface 

characteristics of the soil. 

The production of a map of scale 1: 10 CX)() as desired for ~ 

implied a certain degree of detailed gro...md work. For such a scale, 

between four and nine sample points per hectare were proposed by 

White (1978), while Davidson (1980) quoted several lower figures in 

the region of 30 
2 to 60 per km As ~ will not be used for 

intensive arable farming (in the foreseable future) it was 

considered adequate to have fewer samples than recommended by White 

(1978) to meet the objectives of this study, and continue to map 

at 1: 10 000. This allowed the construction of overlays for the 

base, soil, vegetation and management maps. The total number of 

samples (1 825), at an average density of 0,24 samples/ha, was 

close to the estimate of Davidson (1980). 

The position of these auger t--oles was recorded with the aid of 

aerial pt--otographs (1: 30 000) and ortt--opt--otonaps (1: 10 000), as 

well as pacing the distance on the gro...md between holes. All the 

points were then transferred to a base map. BoJndaries were then 

dral.'Cl between forms on the map, on the basis of the plotted points 

and aerial photographic interpretation. 
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In conjunction with the field samples [using a standard soil auger 

(120 cm long) ] 41 soi 1 pi ts VEre exposed for sampl ing and 

description throughout the soil profile. Pits VEre subjectively 

sited according to two criteria. The first was to characterize the 

mapped forms according to their physical and chemical 

characteristics - necessary for the determination of soil series. 

Thus, pits VEre sited in areas that VEre considered representative 

of each of the particular forms recorded from the auger samples. 

The second criterion was to locate pits in areas where sampling 

with an auger had been inadequate to determine the form. Soil forms 

from both pits and auger samples VEre classified according to the 

system of MacVicar et al. (1977). The samples retroved from tt-ese 

pits VEre analyzed in the laboratory (after sieving and drying) for 

texture (A-ldressian Pipette method), carbon content (Walkley-Black 

titration method) and pH (in KCI suspension). All methods follOlEd 

those outlined by the Fertilizer Society of South Africa (1980). 

The major cations from selected profiles VEre determined by the 

~ laboratories at M:lUnt Edgecombe Research Station, Natal. 

3.4. RESlLTS 

Eight soil forms recognized in the Binomial Classification 

(l"IacVicar et al. 1977), as VEIl as several previously undescribed 

forms, VEre recorded during this study. Recognized forms were: 

Champagne, Clovelly, Glenrosa, ~tton, Katspruit, Kroonstad, Mispah 

and Pinedene. The range in physical and chemical characteristics 

of each of these forms determined from the soil pits is provided in 

Appendix 1. The distritution of the various forms in the reserve is 

shcwi on Map 2 (a reduction of the original at a scale of 

1: 10 000). 

As to be expected, both the physical and chemical properties varied 

considerably between and within forms. In some instances, within 
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form variation was such that several series were present. Major 

differences between forms were associated with their catenal 

position, colaJr, number of I-orizons and texture. Tt-e variation in 

other factors measured or described was as great within forms as 

between them. Ccmrcn to all forms were the 10-1 pH, dystrophic 

nature, apedal or weak structure of all I-orizons and tt-e general 

absence of concretions. Trese properties are probably 

for tt-e 10-1 quality of available forage at MGR (see 

responsible 

Sect. 8.4.), 

which in tum effects animal performance. A layer of reconstituted 

material (pI inthi te) between tt-e A and B I-orizons was fcund in a 

few localized areas. 

Many areas dominated by tt-e Mispah form possessed a few pebbles at 

tt-e base of the profile itrmediately above tt-e R I-orizon. t-bEver, 

these pebbles rarely exhibited signs of weatt-ering and could not be 

considered to represent a lithocutanic B I-orizon. Similarly, in 

some areas the Mispah form had slight, but noticeable, yello-ling 

towards the base of the profile, but insufficient to be considered 

as a yello-l apedal I-orizon and were consequently not classified as 

a Clovelly form. Mottling was generally absent except in gleyed 

I-orizons. Consistence of tt-e A I-orizon was very friable or friable. 

Tt-e sub-soi 1 horizons were usual 1 y friable to firm. pH was 

restricted 

profiles 

(I-Utton, 

to a very narro-l range between 3,5 and 5,1, 

were very acid. Ctanical analyses of selected 

Clovelly, Pinedene) to facilitate determination 

th..ls all 

profiles 

of soil 

series indicated that pt"ospl-orus, potassium and calcium were very 

low. The 10-1 P levels coupled wit:h moc:Jerate to strong P Tl.Xation, 

indicated that tt-ese profiles were deficient in plant available P 

for agricultural purposes. 

3.5. DI5O...ESla-.J 

Tt-e soils recorded during this survey fell into three broad 
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categories: (i) deep soils with a well developed sub-soil, (ii) 

sha 11 ()rW undeve 1 oped soi I s en roc k, and (i i i ) coas ta 1 soi 1 s and 

sands. Wi thin each tt-ere were vario...ts subcategories which are 

summarized in Table 3.1. 

Table 3.1. Soil gro...tps at I"12R (figures in parathenses are 
centribJtion to the surface area of tt-e reserve) 

1. IIJe 11 deve loped soi 1 s wi th a deep subsoi 1 : 

(a) ungleyed soils (ferrallitic soils) (16,2 I.) 

- Clovelly, Hutten; 

(b) bottomland gleyed soils (hydromorphic soils) (8,5 I.): 

(i) top rorizen directly above tt-e gleyed rorizon 

- Katspruit, Champagne; 

(ii) top rorizon and gleyed rorizOl separated by 
anott-er rorizon (2,7 I.) 

- Pinedine, Krocnstad. 

2. Shallow, undeveloped soils en rock (66,3 I.): 

- Mispah, Glenrosa. 

3. Coastal soils and sands (2,8 I.): 

- Natal red sands (Berea Formation), Ccnstantia, 
ur"'ldeve 1 ope:! durte 5al'"'!ds, 

3.5.1. IlJell developed soils with a deep subsoil 

This category included soils of both typically mid-slope and 

bottomland soil forms. Tt-e gleyed soils, especially Champagne form, 

were strengly associated with wetland vegetation dom1nated by 

sedges (see Maps 2 artd 3), and/or swamp forest dominated by 

Syzygium c:ordatum and Voac:anga thouarsii. Both of tt-ese ccmruni ties 

are adapted to very moist cendi tiens which exc lude nost graminoids 

and trees (Bennett and Doss 1960, Orchard et ale 1985). The 

seascnal or permanent waterlogging, and the firm consister"lce of tt-e 
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G ho~izon l~mits the ag~icultu~al potent~al of these soils. These 

characte~istics give them a safe e~osion ~ating except afte~ 

compression of the soi 1 and rerroval of the vegetatiCTI. 

The ungleyed soils (Clovelly and H.ltton forms) a~e typical of the 

eastern coastal belt (Ha~mse 1978). Depth and d~ainage nre good, 

and the agricultural rating is high, based ph,ysical 

characteristics under optimum management (Edwards and 5cotney 1978, 

Pnonymous 1982) • t-bHever, the ION pi and P, and the dystrophic 

nature of the soils (Appendix 1) in the reserve would severely 

limit production in the absence of fertilizatiCTI and liming. All 

the areas with H.JttCTI soils support the Cymbopogon validus 

Digitaria natalensis community. 

3.5.2. Shallow undeveloped soils on rock 

The shallONness of these soils imposes a physical limitatiCTI to 

agricul ture (Edwards and 5cotney 1978). Such soils are best sui ted 

for natural pasture (AnCTIYmous 1982). The shallONness also imparts 

a relatively high erosion potential if the vegetative cover is 

removed. This is ameliorated, to sane extent, by the gentle 

topography wi thin I"rn. Soils of the Mispah form (Mispah series) 

were the most extensive in the reserve contt-ituting 64,7 i. of 

tota 1 area. This was cCTIsider abi y 1 ess than mapped by Maud ( 1966) • 

Being so extensive, there did not appear to be any association of 

specific vegetation types with this form. The lithocutanic B 

horizCTI of the Glenrosa form was not always easily discernable from 

auger samples and it is probable that some areas mapped as Mispah 

were, in fact, Glenrosa soils (presently mapped as cCTItrib..Jting 

1,6'l. to the total area of the reserve). 

3.5.3. Coastal soils and sands 

This was a heterogeneous grOJp with little in cc:nm:::n except th::ir 
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posi hOi close to the land-sea interface. Forms that had not been 

previOJsl y described by MacVicar et ala (1977) were COTYTlOi in 

grOJp. The most extensive was a h.Jmic phase of the Mispah form. 

was characterized by shallON depth, no weathering of 

subsurface rock, and a high organic matter content. The 

exc luded it from being an orthic horizon as defined by MacVicar 

ala (1977), and the absence of a subsoil horizon differentia1;ed 

this 

It 

the 

last 

et 

it 

from other forms with a h.Jmic A horizon. A h.Jmic-phase Mispah was 

recorded by Campbell (1983) when characterizing soils of the fynbos 

biome, and he quotes several authors who also recorded such a for-me 

In several localized areas two subsoil horizons have developed 

beneath this h.Jmic topsoil. The first, being the middle horizon in 

a profile possessing three horizons, was initially considered an E 

horizon. t-b-ever, it did not ccnfor-m to the characteristics of an E 

horizon as defined by MacVicar et ala (1977) for three reasons 

(i) the hue in both pits was two units less than permitted, (ii) it 

did not overlie a diagnostic horizon as the third horizon, i.e. a 

yellow-brONn apedal horizon which was encountered only belON 

120 cm, and (iii) the overall absence of mottling and the fact that 

the amounts of organic matter and clay were not reduced relative to 

the ~Iderlying horizon. The second 'deviation' from the st~,dard E 

horizon of MacVicar et ala (1977) highlights FitzPatrick's (1980) 

criticism of the present classification system; i.e. the 

determination of when a hor-izOi is diagnostic is inconsistent and 

lacks a logical approach. If these deviations from the definition 

of an E horizon are viewed as unimportant (in making this decision 

the natural variability of soils must be bonne in mind together 

with the artificial boundaries erected by most classification 

systems), t~, this profile cOJld be classified as a Constantia 

form. In contrast, if the colOJr and depth criter-ia are rigidly 

applied then th:s profile does not conform to any of those in the 
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Binomial Classification. 

LikelNise, the marine sands near the coast are not represented in 

the Binomial Classification. Two types were evidl!nt in 1"'l:R. The 

first was restricted to the vicinity of river mouths, and for the 

most part, was evident as exposed beacres. i-bwever, in some 

localities the sands had been stabilized, and supported dune forest 

vegetation. Typical species included Minusops caffra, All ophyll us 

sp. and Strelitzia nicolai. The establishment of vegetation 

resul ted in the incorporation of organic matter into the upper 

portion of the sand, to varying depths. i-b'IIever, the nature of the 

soil remained that of deposited sand and was consequently mapped as 

such. 

The other soil with strong sand characteristics was typical of the 

Natal Red Sands (J.E. Granger pers. comm.). They were referred to 

as Berea-type sands by Tinley (1978) and as the Berea formation 

(Geological Survey 1976). King (1963) reported that these occur at 

irregular intervals all along the Natal coast to southern 

I"bzambique. In the reserve, they stretch as a discontinuous bel t 

across the reserve parallel to the shoreline. The bel t is 

interrupted by major drainage features. In common with the sand 

under the dune forests this sand also exhibited incorporation of 

organic matter into the upper layers. This is, generally, more 

pronounced than under the dune forest and in places a definite 

orthic topsoil horizon is present. In such situations, the profile 

could be classified as a Hutton form on the basis of the orthic A 

horizon and red apedal B horizon. i-b'IIever, the properties are so 

distinctly different to the other Hutton profiles in the reserve 

tha tit was preferred to c 1 assi fy these soi 1 s as . sands' . The 

transistion between the Tnemeda tri&~dra Centella asiatica 

community and the Tristachya leucothrix Loudetia simplex 
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cOTfTLJl1i ty was located aleng this bel t. 

3.5.4. Catenal sequence at I"m 

With two exceptions, the marine sands and Hutton soils, the soils 

of I"'m were derived from the same parent material (Natal GrD.Jp 

sands tone) and under the same mac roc:: lima te ( the area is not 

extensive enD.Jgh to experience significant climatic differences 

within its boundaries). It can therefore be expected that the major 

factor determining the nature and differentiation of the soil at 

any given site is slope and its influence on drainage. Trus, the 

proximate cause is the movement or stagnatien of water. As there 

appears to be a regular repetitien of the soil sequence according 

to slope positien, it is possible to employ the term 'catena', and 

use it as the basic mapping and discussien unit. This term has been 

commonly employed in description of soils in Africa (eg Morison et 

a1. 1948, Boughey 1961). In the context of this study, these are 

"simple catenas" in that they obey the criterion that the wt-ole 

slope rrust be situated en the same parent material (&Jnting 1965). 

These are differentiated from "compo..Jnd" catenas, where the parent 

material may differ aleng the slope (YD.Jng 1976). 

The typical catenal sequence at r-m is a shallow, undeveloped soil 

of the Mispah or Glenrosa form at the top of a slope; followed by 

deeper well developed soils, usually a Clevelly form, occupying the 

mid-slope position; this, in turn, grades into a profile exhibiting 

gleying at the base, such as the Pinedene and Kroonstad forms; with 

Champag~e or Katspriut forms, characterized by a well developed G 

or g leyed hori zen, occupying the basal posi tien of the catena. It 

is not intended to mean that soils on all the slopes conform to 

this sequence, as many are interrupted by ridges and rock outcrops 

which alter the drainage morphology in the vicinity. Morison et al. 

(1948; noted that micro- tq:ography and climate often disturb the 
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· typical' catena of a r-egion and in this event it was useful to 

differ-entiate phases. 

The major- deviations fr-om tre above sequence wer-e: (i) the sandy 

ar-eas dir-ectly adjacent to tre coast, (ii) the absence of tre 

Pinedine and Kr-oonstad for-ms fr-om the sequence (thus, the Clovelly 

gr-ades dir-ectly into a bottomland soil), and (iii) localized 

developnent of r-ed apedal soils of the I-Ltton for-m, usually on 

upland sites. The I-Ltton pr-obably develops over- doler-ite dykes that 

ar-e not always visible at the sur-face, hence their- r-ed B hor-izon. 

Both de Villier-s (1964) and van Eyk (1967) also r-ecor-ded a 

cor-r-elation between doler-ite dykes and r-ed soils in Natal. In all 

locations wher-e doler-ite was visible at the sur-face within the 

r-eser-ve, I-lJtton soils \ooEr-e to be fOJnd. Hc::Iwe.>ver- , fur-ther-

investigation would be r-equir-ed to confir-m this for- MGR as r-ed 

subsoils also develop wher-e most of the ir-on pr-esent is in the 

fer-r-ic state (M.T. Mentis, per-so comm.). 

The influence of topogr-aphy on soil developnent was evident in (i) 

the r-elative incr-ease in pr-ofile depth, (ii) developnent of a B 

hor-izon, and (iii) then a gleyed hor-izon, moving dOW"! the slope. 

The Mispah and Glenr-osa for-ms \ooEr-e r-ar-ely deeper- than 0,9 m befor-e 

har-d r-ock was encounter-Ed. !"br-e often, the effective depth of tt-ese 

two pr-ofiles was closer- to 0, 5m. In compar-ison, pr-ofiles at tre 

base of the catena \ooEr-e r-ar-el y less than 1,75 m. Often the base of 

the pr-ofile was not attained (maximu~ sampling depth was 2,3 m). 

These thr-ee char-acter-istics ar-e br-ought about by tre thr-ee 

of catenar-y di ffer-entiation (Young 1976) • The fir-st 

tr-ansport of mater-ial dOW"!slope under- the influence of 

Except on steep slopes a~d/or highly er-odible soils, mass 

causes 

is the 

gr-avity. 

movement 

of soi 1 under- gr-avi ty is r-ar-e and most moveme:r1t of mater-ial is via 
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:solution. The second cause is lateral eluviation and throughflow of 

. fine particles and nutrients downslope. The third causal factor is 

the relative position and seasonal fluctuations of the water table. 

SoilS on the crests of slopes do not experience periods of 

inundation due to rising of the watertable, in contrast to soils on 

tre mid-slope and at the base. The rising watertable during the 

wet seascn results in the lower portions of soils on the mid-slope 

beComing partly or total 1 y waterlogged on a seasonal basis. This 

pronotes the development of subsoil horizons because the lower 

portion of the profile experiences different conditions relative to 

tre upper portion. Near the base of the slope the period of 

inundation is longer and may even be' permanent at the very base, 

resulting in the development of gley characteristics or agley 

horizon. The increased moisture status of the profiles at the base 

of the slope also promotes the development of deeper profiles in 

this situation due to increased subsurface weathering (Bunting 

1965) • 

Differentiation of different soil profiles in the same catenary 

position is poorly understood. For example, it is unknown why in 

some situations a Glenrosa form occupies the crest position, and at 

others a Mispah. De Villiers (1964) suggested that in such 

situations the pre-history of the site, before the present soil 

formation cycle, should be investigated. At the other end of the 

catena, differentiation into Katsprui t and Champagne forms was 

. evident , in some instances being adjacent. I suspect that this 

relates to the duration of waterlogging, with Champagne soils 

developing under permanently ponded conditions (van der Eyk I!t al. 

1969, MacVicar et al. 1977). This causes anaerobic condi tions and 

the rate of decomposi tion is suppressed, resul ting in the 

characteristic black horizon, high in organic material (va.., der Eyk 

I!t aI. 1969, Daubenmire 1974, MacVicar et al. 1977). Where the 
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topsoil experiences relief from such conditions for a significant 

part of tt-e year, a Ka tsprui t profi I e deve 1 ops. Ca1sequen tl y , it 

would not be suprising to find a Katspruit soil fringing a 

Champagne on the upslope posi bon or in bottonland areas but of 

greater slope wt-ere the water does not pcr1d. 

Differentiation between tt-e gleyed soils with more tha~ two 

horizons, namely Pinedene and Kroc:nstad possibly depends on the 

intensity of development of the underlying gleyed horizon. Thus, in 

a Kroc:nstad, I propose, tt-e gleyecl horizon is firm and well 

developed, creating a layer of low permeability to the rapid 

movement of water down the profile. This results in water moving 

laterally rather than vertically, giving rise to a E horizon (van 

der Eyk et &1. 1969, MacVicar £It a1. 1977). en tt-e other hand, I 

suggest on the basis of observations at M3R that the gleyed horizon 

of the Pinedene profile is not as well developed as the Kroc:nstad. 

Calsequentl y, tt-e vertical movement of water is not hindered to tt-e 

same extent and therefore lateral movement is not as pronounced. 

3.5.5. Comparison with other surveys 

Previous soil surveys in this region may be grouped, on the basis 

of scale, into three groups. Firstly, small scale (1: 5 000 000 or 

smaller) which includes the whole of 5O.Jtt-em Africa (eg van der 

Merwe 1962, Harmse 1978). Secondly, mediulTl scale, ranging from less 

than 1: 5 000 000 to 1: 250 000, which incorporates most maps 

attempting to cover the whole of Transkei (eg van Wyk 1967, I.>bod 

and va.~ Sc:roor 1976). The third category, large scale, includes 

regional surveys at scales of larger than 1: 250 000 (eg Maud 

1966). These three scales are analagous to the "exploratory survey, 

reconnaissance survey and detailed survey" categories of Young 

(1976). Descriptions by Cawe .t a1. (1984), I'tKenzie (1984) and 

Fee 1 y (1986) are suee inc t SUl'm'lar i~ of the maj or soi 1 groups for 
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the whole or- par-ts of Tr-anskei based on the wor-k of van der- Mer-we 

( 1962) and W:xx:I and van Sc hoar- (1976). 

With small scale mapping the soils of the I'm region were 

classified as Gley-like Podzolic soils of the Natal Coastal Belt by 

van der- Mer-we (1962). O"'l the other hand, Harmse (1978) descr-ibed 

them as a mosaic of sever-al soil types. This included: (i) tumic 

ferrallitic (red and yellow) soils, (ii) arenaceo...1S sedirrents, 

(iii) acid, igneous rock derived lithosols, and (iv) weakly 

developed soils character-istic of ar-id regions. The poor resolution 

at such scales pr-ecludes any worthNhile compar-isc:n between the 

resul ts of this study and the above two surveys. The medium and 

large scale surveys ar-e more suitable. 

The reconnaissance survey by W:xx:I and van Sch:xJr- (1976) placed r-m 

in a region char-acterized by soils with a well developed aped a 1 B 

horizon, with or- without a plinthic intrusion. They were either- Red 

or Yellow/Br-own and included Hutton, Clovelly, Gr-iffin, Avalon, 

Glencoe, Kranskop, Magwa, I nand a , Femwood and Oakleaf Forms. This 

group of soils cover-s only 10 I. of Tr-anskei. Many of them share the 

satre subsoi 1 types as the for-ms enco..&ntered during this study, and 

the only differ-ence is that they have a tumic A hor-izon. Albeit a 

reconnaissance sur-vey, no rrention was made of gleyed soils in 

bottomland si tes. 

Of direct relevance to the Mkambati r-egion were the lar-ge scale 

surveys by t"';aud (1966 ) and Ndu 1 i so (per-s. CO'nil.). The survey by 

Maud (1966), at 1: 50 000, included the area in which I'13R lies. He 

mapped 90 I. (approximately) of the reserve as "stony with patches 

of soi I" wi th no fur-ther- description. The remaining ar-ea was 

divided between coarse textur-ed soils der-ived from Natal GrD...!D 

sandstcne comprised of the Mkambati, Cutweni and Cartr-ef forms 
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(8,2 I.) and vlei soils of the Lingeni, Mkambati and Warringtcn 

fonns (=- 0,4 I.). I\b test pi ts \/Ere si ted wi thin the reserve. 

Nduliso completed a survey of the agricultural lands adjacent to 

the reserve at a scale of 1: 10 000. The dominant catenal sequence 

was Mispah - Cartref - Katspr-uit, with Glenrosa and Clovelly forms 

in isolated patches. The Clovelly form appeared to replace the 

Cartref soils closer to the coast. Over 40 test pits were 

desCribed. With the excepticn of the absence of the Cartref form, 

the results of this survey, including the catenal sequence, are in 

agreemen t wi th those of Ndu Ii so. The ct-emica 1 ana 1 yses f rom the few 

selected forms ccncur with the findings of van Wyk (1968) that 

soils derived from Natal Group sandstone are very acidic and 

nutrient poor. 

3.6. ~y 

1. The several soi 1 forms mapped at I'm are general! y arranged in a 

catena! sequence (Mispah Clovell y Pinedene/Katspr-ui t 

Champagne) . 

2. Most of the ~ils are sandy, acidic, and dystrophic with few 

c:oncreticns. 

3. The> troSt extensive soil forms are Mispah (64,7 I.), Clovelly 

(15,9 I.) and Champagne (6,8 I.). 
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4. 1. OBJECTI V'ES 

The purpose of this section was to determine:-

(1) the range in structure, species comp:JSi tion and spatial 

distribution of the various grassland communities at MGR; 

(2) whether or not the s truc ture, spec ies comp:JSi tion and 

spatial distritA.Jtion of the different communi ties is in any 

way correlated with particular biotic and/or abiotic 

factors. 

4.2. OJERVIEW & RATI~ 

Vegetation mapping and description usually forms the foundation of 

any synecological study. This is because: (i) it illustrates the 

spatial distritA.Jtion of particular communi ties that may require 

more detailed studies, (ii) the juxtap:JSition of these communites 

(which may assist the interpretation of the spatial distribution of 

other communities in particular), and (iii) provides basic 

knowledge of the physiognomy and species comp:JSi tion of each 

community (in varying degrees of detail). Information on all of 

ttc-::oe are required before a."y management actions ca.., be objectively 

implemented and assessed. For this reason, it was clear that the 

initial focus of this study had to be be orientated towards 

objective classification and ordination of the grasslands of MGR. 

4 .3. I"ETHJDS 

The approaches commonly adopted in mapping and describing 

vegetation are reviewed by Kuchler (1967), Whittaker (1962, 1967, 

1973), Shinwell (1971), l"'lJeller-Dombois and Ellenberg (1974) and 

Greig-Smith (1983). There are advantages and disadv~~tages 

associated with each and the choice of any particular approach is 
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arbitrary rut is infl~enced by tre a~ms of tre research and tre 

multivariate analysis routines available (5cotcher 1982). 

Data were collected in tre field using tre Braun-Blanquet approach 

(see M.Jeller-Donbois and Ellenberg 1974, IlErger 1974). This was 

adopted in preference to a more quantitative sampling rrethod (such 

as the wheel-point) as it provides a more ccmprerensive list of 

species (Novellie and Strydcm 1987, Granger in prep), which was an 

important consideration since the flora of MGR had been poorly 

collected at the beginning of this study. 

Cne h...!ndred and thirtee!'1 5a.-nple ,.." ,."'ri .... .::: ... ·c ('" ..,-_. --- ,- m x 5 m) 

distrit1.lted throughout the reserve. The size of samples was 

arbitrarily selected as large enough to provide an adequate 

representation of species in each sample. The proportion of the 

total in each community identified during reconnaissance visits (on 

the basis of physiogncmy, dcminant species ccmposi hon and 

abundance) was in approximate agreement with the contrit1.ltion of 

that community to the total area, with a slight bias towards the 

smaller communities (a minimum of three quadrats per community as 

far as possible). Idenhfied cc::mrunities were (i) Tristchya 

leucothrix - Loudetia simplex cc::mrunity (assigned the prefix of 'L' 

78 quadrats), (ii) Cymbopogon validus Digitaria natalensis 

community ('C' - 15 quadrats), (iii) Themeda triandra Centella 

asiatica cOfTll1l.Jr1ity ('T' - 8), (iy) unt1.lrnt moribund areas dcminated 

by Stoebe vulgaris and Athanasia calva ('5' - 4), (v) several small 

areas dcminated by Aristida juncifonmis ('A' - 3) or (vi) Festuca 

costata ('F' - 2), and a (vii) Watsatia sp. cOfTll1l.Jr1ity ('W' 3). 

Location of the individual quadrats was subjective in accordance 

with the Braun-Blanquet approach. Sampling was carried out between 

November and February in areas t1.Irnt in the previous winter (except 

the Themeda triandra - Centella asiatica cc::mrunity whiCh failed to 
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tum). This period coincided with the flowering period for nost 

species which aided identificatien. As cnly 50 /. of the rese~e is 

tunnt each year, field sampling was spread over two growing seaSO""ls 

(1985/1986 and 1986/1987). 

The following variables were recorded for each quadrat: (i) all 

species present and an estimate of their cover-abundance 0""1 the 

8raun-Blanquet scale as rrodified by Werger (1973), (ii) gradient 

(Abney level), (iii) altitude (from 1: 10 000 ortha-photographs), 

(iv) aspect (compass), (v) rockiness (estimated as a percentage of 

the ground cover), (vi) soil form according the the Binomial 

Classificatien of southem Africa (MacVicar et al. 1977) (auger 

sample), (vii) soil depth (auger sample), (viii) grazing (visual 

estimate of the percentage removed together wi th notes en species 

selected) • A soi 1 sample (5 - 20 cm below the surface) was taken 

from the centre of the Quadrat for laboratory analysis of oH, 

texture, ccnductivity and organic carbon (see Sect. 3.3. for 

methods). As a ccnsequence of inability to distinguish with 

certainty between vegetative material of Rendlia altera, 

Diheteropogcn filifolius, Elicnunus muticus, Koeleria capensis and 

Bulbostylis sp. in all quadrats, they were collectively recorded as 

w~re grasses . 

Summarizaticn and interpretaticn of the data was via TWlf\S=l~\J and 

DE~ (Hill 1979a, b) after cenversicn of the cover-abundance 

values to a scale of 1 - 9. These two program were selected because 

of their avai labi 1 ity at Uii tra and their reputaticn as being the 

best multivariate methods currently available for vegetaticn 

analyses (Gauch 1982). Furthermore, the hierarchical nature of 

TWINSPAN and the efficiency of DECORANA in extracting meaningful 

axes that could be correlated with existing envircnmental gradients 

(Ter Braak 1986) were additienal points in the~r favour. Whittaker 
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(1987) ~ t-o-ever, pointed out that the present tectniques still fall 

far srort of providing an adequate environrrental interpretation of 

observed patterns. CUe to their extensive use there are several 

descriptions and summaries of the basic algorithms, strong and weak 

points, etc. and the interested reader is referred to these rather 

than summarizing them here (Hill 1979a~ b~ Hill and Gauch 1980; 

Gauch 1982, Scotcher 1982, Ccnlong 1986, Granger in prep.). In each 

case default values of the program yielded the most satisfactory 

results after several iterations with altered pseudospecies cutoff 

levels and/or unequal weightings for species of differing 

abundance. 

The ordination score of each quadrat on the first two axes was 

correlated (product"""'1l'O"l'elt correlation coefficient) with each of 

the measured environmental variables. To permit correlation of 

aspect with the ordination scores, aspects of greater than 1800 

were converted to the mirror-image of aspects less than 1800 as 

described by Wikum and Wali (1974). This was done after correction 

of the compass readings for the magnetic declination. For quadrats 

where soil depth was recorded as greater than 120 cm, a value of 

180 cm was used in the calculation of correlation coefficients and 

It was possible that there were ncn-linear 

vegetation types and site characteristics 

associations between 

which would not be 

evident fram the 1 inear correlaticn of axis score and envin::nrrental 

variable. This was checked by the use of Corresocndence f:nal ysis 

(CA) described by Greenacre (1986). Organic matter was not included 

in the CA because of missing values. 

The descriptiCTI of the vegetation was campi led fram the 

interpretation of the results of TWINSPAN and DECORANA and field 
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notes. 

The vegetatien map (Map 3) was draW'"! from 

1: 30 ()(X) aerial protographs and 1: 10 ()(X) 

ground survey using 

ortha-photographs and 

results obtained from the multivariate analyses. 

4.4. RESLL TS 

4.4.1. Classificatien of the grasslands 

T~ resultant hierarchical divisien of the sample plots from the 

TWINSPAN analysis is given in Figure 4.1. The top 100 species from 

the TWINSPAN analysis are tabulated in Appendix 2. A full species 

list for MGR is given by Shackleten (in prep.). 

The short grassland immediately adjacent to the coast was 

recognized as being very di fferent from the remainder of the 

reserve, with all eight quadrats (plus one from the pre-recognized 

WatSO"lia SPa ccmruni ty) being separated from the rest of the data 

set at the first level of divisien in the hierarchy. Indicator 

species 

level 

were Centella asiatica and Ruellia cordata. At the second 

of divisien the included WatSO"lia SPa quadrat was split off 

from the eight quadrats of this Themeda triandra Centella 

asiatica community. Further divisiens of this community were not 

recognizable in the field and were therefore ignored in the final 

dendrogram. 

The main group of 104 quaorats en the positive side of the first 

divisien was divided into two groups of alnost equal size at the 

sec end level. Each censisted of quadrats located in comuni ties 

whiCh differed widely in terms of floristics, physiognomy and 

habitat. Thus, this level did not yield meaningful results for 

classificatien. 
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On the other hand, the third level of division reduced each of 

these greups to recognizable units. In the first instance, three 

quadrats that represented unb..lrnt grasslands invaded by woody 

species, primarily Su-bit wl;Aria and AthtinAaiA CAlVA, we,.-e 

separated as a uni t. Trese tll\O species acted as indicators for the 

positive side of the division. The feurth Quadrat placed in this 

community was not included in this greup, probably because it had a 

greater nLUTlber of species (50 as opposed to 34, 27 and 17 for the 

other three quadrats), giving it more species in CCJf'lY'101 wi th the T. 

leucothirx - L. simplex community on the other side of the division 

at level two. From the field situation this is a mis-classification 

as trese four quadrats were the only ones characterized by woody 

species (shr-ubs) and were therefore ver-y distinct f,.-om the rest of 

the data set. 

The 45 quadrats on the negative side of this division included 

samples from feur of the communi ties identified during sampling. 

Successive divisions of this greup, at the feurth, fifth and sixth 

levels isolated the tll\O quadrats dominated largely by F .. tucA 

costata, al tt-oJgh it was not selected as an indicator species. All 

the Cymbopogon validus Digitaria natalensis quadrats we,.-e 

separated from tl-ose of the T. leo.Jcothrix - L. simplex cu:rru."1i ty. 

Divisions wi thin the C. validus - D. natalensis community appeared 

to have little practical interpretation beyond level feur. The 

exception to this were quadrats C23, C26 a"1d C28 which were all 

situated in management block A. This was notell\Orthy considering 

that the T. leucothrix - L. simplex quadrats of this block we,.-e 

also recognized as distinct froTl others of this community at level 

six. Similarly, soils of areas in this block dominated by C. 

validus and D. natalensis are different to other areas of the 

reser-ve also dominated by these two species (S.E. Shackleton pers. 

comm. ). The TWIt-&~ resul ts, therefore suggest that the same rolds 
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tn..le for the areas not dominated by C. valiOOs and D. natalensis. 

The lower level divisions also separated out quadrats of this 

ccmruni ty situated on I-t..Jtton (form) soils, rut included these with 

quadrats intended to characterize areas dominated by Aristida 

juncifonnis. The partitioning of the A. juncifonnis quadrats 

betweell two grouos at the fourth level, and the fai lure to isolate 

them by the sixth level, leads to the conclusion that these areas 

of the reserve (en 1 y 12,1 ha) are not worthy of recogni tion as a 

separate ccmrunity for management p..Jrposes. This is beause they 

obviously share a large proportion of species in common with other 

communities, and were therefore not floristically distinct. Two T. 

leucothrix - L. simplex quadrats (L44 and L47) were included in the 

major grouping of C. validus - D. natalensis quadrats. This is 

considered a mis-classification as there is no obvious reason for 

their inclusion. 

More difficult to interpret was the major division of the T. 

leucothrix - L. simplex quadrats at the second level. The majority 

of quadrats (55) form a major group of quadrats that are 

successively divided into smaller groups at the lower levels. The 

remaining 23 were included on the positive side at level two, along 

with quadrats from the C. valiaus - D. natalensis ~Id 

corr.-n . .Jni ties. Several of the measured environmental 

-r. costata 

variables 

associated with this group of quadrats were intermediate between 

those of the C. validus - D. natalensis and T. leucothrix L. 

simplex communities (see Table 4.4.). 

4.4.2. Ordination of the grasslands 

From Figure 4.2. it is evident that the quadrats of both the T. 

triandra C. asiatica and StoebE' vulgaris Athanasia calva 

communi ties form very distinct units at the ends of the first artd 

second ordination axes, respecti vel y. To assist in the 
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inte~p~etation of these axes th~ee additional ite~ations were 

pe~fo~med successively:- (i) omitting the T. triandrA - C. AsiAtica 

Quad~ats only; (ii) omitting the S. vulgaris - A. calva Quad~ats 

CTlly; and lastly (iii) omitting Quad~ats from both these tlf.lO 

corrrruni ties. The last case is presented in Figure 4.3. 

Substantiating the resul ts of the TWINSPA'\I classification, the C. 

validus D. natalensis Quadrats were grouped together in both 

ordination diagrams. Furtherrrore, the Quadrats from the T. 

leucothrix - L. simplex community that were included on the same 

side of the TWINSPA'\I dichotomy at level 3, along with the Quadrats 

of the C. validus - D. natalensis community, are in an intermediate 

position between the tlf.lO major communities. During field sampling 

these Quadrats were not recognized as having close affinities with 

the C. validus - D. natalensis community because they lacked these 

two physiognomically distinct species. The reciprocity of the tlf.lO 

techniques is not suprising since both are based on the reciprocal 

averaging algorithm. 

• 
Interpretation of the first tlf.lO ordination axes was assisted 

through linear correlation of the ordination scores with each of 

the measured enviranmental variables. Tr-ese have beer: sU:l'rr.ar-ized 1.:1 

Table 4.:. 

These results indicated that the~e was a complex of inter~elated 

envi~onmental va~iables (see Table 4.2.) co~~elated with the 

pattern illust~ated in the o~dination diag~am. The p~imary axis, 

with an eigenvalue of 0,409, was highly co~~elated with soil 

conductivity, altitude (negative) and o~ganic matte~, and 

ma~ginally co~related with the amounts of sand (negative) and clay 

(all quadrats conside~ed). The first two were to be expected as 

the~e is an inc~ease in al ti tude and distance f~om the sea across 
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Table 4.1. Correlation coefficients between the ordination scores 
and measured environmental variables 

,::u. ~S EXD...UD I 1\13 EXTREI"E 
(Fig. 4 .2. ) ~S (Fig. 4.3. ) 

VPRIAELE AXIS 1 AXIS 2 AXIS 1 AXIS 2 

Ca"lductivity 0,50 *** 0,23 * 0,41 *** 0,40 *** 
Altitude -0,34 *** -0,34 *** 0,'37 *** -0.36 *** /. Sand -0,24 * 0,44 *** -0,59 *** 0~40 *** 
/. Clay 0,21 * -0,38 *** 0,58 *** -0,47 *** Org. matter 0,49 *** -0,54 *** 0,58 *** -0,04 n.s. 

~ope 0,18 n.s. 0,34 *** 0,11 n.s. -0,27 ** 
0,18 n.s. 0,14 n.s. -0,01 n.s. 0,20 * 

Aspect 0,16 n.s. -0,05 n.s. 0,13 n.s. 0,10 n.s. 
Soil depth 0,05 n.s. -0,01 n.s. 0,04 n.s. 0,06 n.s. 

n.s. p > 0,05 * p < 0,05 ** p < 0,01 *** P < 0,001 

Table 4.2. COrrelation coefficients between the measured environ­
mental variables 

CI'1 p-! Sand Clay Depth Alt. Slope Asp. 

Cc:nduct. -0,42 -0,30 0,04 0,03 0,04 -0,24 0,28 0,16 
*** ** n.s. n.s. n.s. * ** n.s. 

CI'1 0,05 -0,74 0,70 -0,31 0,28 0,06 0,04 
n.s. *** *** ** ** n.s. n.s. 

p; 0,14 0,15 0,20 0,15 0,03 -0,05 
n.s. n.s. * n.s. n.s. n.s. 

/. Sand -0,96 0,25 -0,49 -0,10 0,10 

*** * lICU n.s. n.s. 

/. Clay -0.30 0,50 0,13 -0,03 

** *** n.s. n.s. 

Soil depth -0,20 -0,08 0,11 

* n.s. n.s. 

Altitude -0,11 -0,21 
n.s. * 

SloPE.' 0,18 
n.s. 

n.s. p > 0,05 * p < 0,05 ** p < 0,01 *** p < 0,001 

tre wrole reserve. Such a correlation has been sh:Jwi elsewhere for 

coastal regions (eg Westman 1981) and is associated with the 

56 



ccnc01li tant reductien ~n scx:!ium chloride inp.lt. Qnissien of 

Quadrats fr01l the T. triandra - C. a.iatica and S. vul;aris A. 

calva communities did not alter the correlations except to 

strengthen the degree of correlation with soil texture. The secend 

axis (eigen value = 0,233) showed correlatien with the same 

variables a."d p-i. f-bwever. the degree of correlation was less for-

ccnductivity, bJt greater for the amo...tnts of sand and clay 

(negative). This indicates some degree of interaction between the 

two axes. There was a streng degree of interaction between altitude 

and both soil texture and conductivity. The third and fourth axes 

had eigenvalues of 0,150 and 0,107, respectively and were not 

ccnsidered further. 

The results fr01l CA merely tended to corroborate those obtained 

above. They are presented in Figure 4.4. and the breakdOW1 of rON 

and column contribJtiens are provided in Appendix 3 • 
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Axes one and tv-o accD..Jnted for 69,2 'l. and 27,7 'l. of tt-e inertia 

respectively. The greatest correlations with axis one were 

cc:nductivi ty and altitude (negative). nus, one extreme was 

characterized by tt-e T. triandra - C. asiatica community associated 

wi th sandy soils, high conductivity and high slope and low 

altitude. At tt-e opposing extr-eme was tt-e C. validus D. 

natalensis ccmrunity at higher altitudes, with clay soils and low 

cc:nductivity. The T. leucothrix A. phylicoides subcommunity (see 

4.4.3.2.1.) was intermediate between tt-e T. leucothrix - L. simplex 

and C. validus - D. natalensis communities. 

Environmental variables most closely associated with 

axis were altitude and soil depth. Tt-e S. vulgaris 

tt-e second 

A. 

subcommuni ty was strongly associated with p-I and soil depth. 

was tt-e only featUre highlighted by CA that was not evident 

tt-e previous analyses. 

4.4.3. Grassland communities at MGR 

calva 

This 

from 

Synthesizing tt-e results from tt-e classification and ordination it 

was evident that several distinct grassland units were present in 

r-m. The term . communi ty' was used as a synonym for an association. 

Small areas within tt-e major communities differ-ring w.r.t. only the 

dominant species, o~ tt-eir' invasion' by other species, were 

designated as subcommunities. The following descriptions of each 

community deal with tt-e floristically dominant and more easily 

identi f ied species as it is aimed at managerrent persennel wt-o often 

lack formal botanical training. Tt-e spatial distribution of these 

CD'MU.r"!ities is depicted on Map 3. The nane assigned to each 

communi ty was draWl from tv-o species, the first being tr-e 

physiogn01lic dominant which is usual 1 y very abundant. and the 

second being an indicator species identified by tt-e TWINSP~ 

analysis. 
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PhYSiognomic nomenclature followed that of Phillips (1971) rather 

than Edwards (1983) as the height divisiOlS suggested by Phillips 

(1971) differentiated the various camunities at 

phYSiognomical I y. Lhder the system of Edwards (1983) O'OSt of the 

vegetatiOl units fell into the same category and there was, 

therefore, no distinctiOl between units except on floristics. As 

nen-botanical perscnnel often identify rrore with physiognomy than 

floristics it was considered important to be able to differentiate 

the vegetatiOl uni ts at I"ER on the basis of physiognomy. Phi 11 ips 

(1971) classified grasslands as dwarf « 15 cm), short (15 45 

em), medium (46 - 100 cm), tall (100 - 200 cm) and high (> 200 cm). 

Each of the conm.Jni ties was associated with particular ranges of 

envirOlmental variables (overlapping in some cases) which are 

summarized in Table 4.4. 

4.4.3.1. Themeda triandra Centella asiatica dwarf grassland 
conm.Jnity (quadrats T1, T4, T5, T6, T8, T14, T15, T19). 
Plates 4.1. and 4.2. 

This was an easily identified dwarf grassland cormunity (mean 

height was 13,1! 0,58 cm) adjacent to the sea shore. Indicator 

species were Centella asiatica and Ruellia cordata. This conm.Jnity 

had many preferential species, the most easily identifiable in the 

field being Euryops leiocarpus, Stenotaphrum sec::undatum, Geranium 

omi thopodum, /"braea spath.llata and a short, slender form 

(ecotype?) of Themeda triandra. The last three were faithful to 

this conm.Jni ty. Other faithful, b.Jt less atl..indant species included 

Ehrharta calycina, Polygala fruticosa, and Crassula pellucida. 

Total ~over was usually 100 I., with for05 COltributing a large 

prOp:lrtiOl, especially R. cordata, lsoglossa ovata and Tephrosia 

grandi flora. In localized areas forbs were dominant and the sward 

appeared rrore as a herb I and (sensu Edwards 1983). I"bist areas were 

lndicated by the presence of Juncus kraussii and smaller sedges. as 

well as an abundance of Gazania rigens. Where the sward had been 
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Table 4.4. Selected characteristics of the grassland communities" 
and subcommunities at I"'ER 

'MIAILI CIINJIIIn SDBCIlIMJIln 
• nwuo .... - ~. - T. "- F. w:. • .tu -I s. m.II6US - C.,~ .t. JI8ClIWftIS-
Co &SUt'ICol L. SDII'lA .t. I'IIU.IQIIJIIII .l. IImlS.l .t. CALY.l I. UfAIDSIS •• JIIX1aC 

110 of ~ •• 8 53 :%3 2 4 16 3 

Aluhlle ( ....... l.) I 13,0 ~ 2,1 I 148,5 :. 10,6 I 201,8 ! 17,8 %35,O! 20,0 123,3:. 45,4 230,4.! 45,4 %11,3 ~ 31,4 
(0 - %%) cia - 330) I4S - 305) (%15 - %55) (60 - %$8) (0 - 330) (ISS - 255) 

Slope (0) 3,8 ! 0,4 2,6 ! 0,3 2,3 ~ 0,3 .. ,0 ! 2,0 3,8 ! 0,6 1,3 ! D,S 2,0 ! 1,0 
(% - 5) (0 - 7) (0 - 6) (2 - 6) U - 5) (0 - 7) (0 - 3) 

upeet (t: of 

* 
~J~ ;:a~ ;>K 71~ ~ §:>'<C Supl •• ) 
~I~ ~I~ .... .., II.J I 

jor,..ue !latter (t:) 5,0 ! D,S 3,0 ! 0,1 3,4 ~ 0,2 - - 5,0 ~ 0,4 -
(3.5 - 8,3) (1,1 - 4,8) (2,2 - 4,8) (%,3 - 8,0 

ioU Deptb (ca) 117 ,5 ~ 14,6 99,9 ! 8,2 131,3 ! 12,8 75,O! %5,0 110,0 ! 36,1 108,1 ! 17,5 96,1 ! 41,7 
(70 - 120+ (10 - 120+) (20 - 120+) (SO - 100) (60 - 120+) (20 - 120+) (SO - 120+) 

~ucuYit7 (.) zoe,o ! 23,7 66,6 ! %,3 77,7 ! 3,5 310,0 ! 10,0 283,3! 16,7 78,% ! 4,9 3SO,0 ~ 28,9 
(79 - %80) (43 - 120) (57 - 130) (300 - 320) (2SO - 300) {54 - 135) (300 - 400) 

pi ",I! 0,1 .,0 ! 0,1 .,0 : 0,1 J,S ~ 0,1 3,7 :. 0,1 4,1 ! 0,1 3,8 ! C,I 

(3,9 - 4,3) (3,8 - 4,4) (3,8 - 4,3) (3,7 - 3,8) (3,5 - 3,7) (3,9 - 4,5) (3,7 - 3,8) 

5aDd (t:) 1C, .. ! 1,7 75,9 ! 0,8 70,S! 1,6 59,0 ~ 6,0 75,0 ! 4,0 .$2,1 ! 4,8 66,6 ! 6,0 
(62 - 77) (63 - 89) (61 - 86) (53 - 65) (70 - 83) (%1 - 79) (55 - 76) 

Cl.ay(t:) 17,1 ! 1,6 13,0 ~ 0,6 17,4 ! 1,5 204,0: S,O 14,3 ! 2,3 30,1 ! 4,1 1,9,2 ! 4,6 
(11 - 23) 14 - :2) (3 - 271 (19 - Z9) (9 - 18) (8 - 60) (lZ - 28) 

jIIeipt of Svanl (ca) 13,1 :. 0,6 31,0 :. 1,0 35,0 ! %,0 48,S ~ 1,5 35,0 ! 3,0 64,3 ! 3,2 36,3 ! 4,4 
(11 - 15) (%2 - SO) (%2 - 55) (47 - SO) (30 - 4Z) (47 - 100) (28 - 43) 

Mo. of Species 
- Tota.l 35,4 ~ 1,9 56,3 :. 0,1 53,7 :. 1,9 56,0 :. Z,O 32,0 ! 7,0 53,2 :. 2,2 39,3 :. :,8 

(26 - (3) (44 - 72) (3S - 73) (54 - 58) (17 - SO) (38 - 67) (36 - 45) 

- GrUliJloidl 9,4 :. 0,6 13,9 :. 0,4 13,0.: 0,5 12,0 : 1,0 12,3 ~ 1,4 13,3 :. 0,7 13,0 ~ 1,0 

(7 - 11) (8 - 20) (8 - 17) (II - 13) 110 - 16) (7 - 17) (11 - 14) 

- Forbs 126,0 ~ 1,91 '1,9 :. 0,6 I 40,7 ~ 1,6 44,0 ! 1,0 19,6 ~ 6,3 39,9 :. 1,9 26,3 :. 2,4 

CIS - 33) (30 - 57) (27 - 59) 143 - 45) <7 - 37l (25 - SO (Z3 - 31l 

Coy .. (t:) 
1

94
,5:' %"1 

67,3 :. 1,7 71,,,, ! 1,8 I (>5,0 :. 15,0 51,3:. IE,O 59,1 * 2,6 61,7:. 11,7 
(SO - 100) (40 - 93) (Ot' - 90) (SO - SO) (15 - 95) (40 - 80) (40 - SOl 

opened Up (a long roads, dung middens, etc.) St.notaphr'Un sec:undatum 

often became dominant, forming a dense mat/lawn in which little 

else grew. 

The total number of species per quadrat (x = 34,4 ::: 1,93) was less 

than recorded in the other grassla~d communities. This was probably 

a reflection of the strong dominance of Themeda triandra, which 

always had a cover-abundance rating of '2b' (cover is between 13 I. 

and 25 I. irr-espective of abundance) or rrore. The inland bo...Indary of 
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Plate 4.1. Themeda triandra - Centella asiatica dwarf grassland 

Plate 4.2. Stenotaphrum secundatum 'lawn ' 

this community was not very distinct (nor discernable on aer ial 

photographs), with a gradual transit jon into the T. leucothrix 

L. simplex commun i t y inland. The bcundary was mapped where the 

slenoe~ ecotype of T. triandra ceased to be a conspicuo.Js rrember of 
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the sward. The maxinum width was 450 m, and the total area was 219 

Ma. 

This community was associated with deep sandy soils of which 

Champagne, Mispa!-) and coastal sands v.ere the most prevalent. Soil 

conductivity was high - a result of the high input s ... d;·· ... ... -....wlt 

chloride from the sea-spray due to the proximity of the surf zone. 

LoJind a'ld sal t-sor-ay pr-lning of the few li'.IClOdy species associated 

with r-ock outcr-ops, especially Car-issa macrcx:arpa, indicated that 

wind and sal t-spray are impor-tant factors here, and it seems 

probable that they are respc:nsible for the st-ortness of this 

grassland. Evidence in support of this view was pr-ovided by the 

fact that tre tillers and/or shoots of most of the species v.er-e not 

r-educed in length but had developed a pr-ostr-ate gr-owthfor-m. Edwar-ds 

(1967) ascr-ibed the "dense mass of stunted, defor-med individuals 

(gr-asses) with a neatly clipped canopy, gr-adually incr-easing in 

height away fr-om the sea" of a similar- gr-assland in the lCWE'r-

Tugela basin to salt-spr-ay. Despite the r-elatively high fuel load 

(see Sect. 5.4.3.) this community does not bur-n except, possibly, 

in winter-s following very dry summer-so 

4.4.3.2. Tristachya ieucothr-ix - Loudetia simpiex st-or-t gr-assland 
community (53 quadrats). Plate 4.3. 

In ter-ms of ar-ea this was the dominant gr-assland in 1'13R, which, 

together wi th the T. leucothrix - A. phylicoides subcommunity, 

contributed 71,1 'l. (5 487,3 hal to the total ar-ea. Together with 

the various subcomuni ties it was the most species-r-ich community 

of the r-eserve (x = 56,3 ~ 0,11 species per quadrat), with a high 

cover-abundance of gr-aminoids. Gra~inoids contr-ibuted over 80 'l. of 

the r-elative basal cover (Shackleton in prep.). Dominant grasses 

included Trista:::hya leuc:othrix, Alloteropsis semialata, wir-e 

grasses, Tr-achypogon spicatus, Lo.Jdetia simplex and Diheteropogoo 
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amplec:tens. Ccmnc:n forbs were B-lidia kraussiana, OsteospenTLltn· 

imbri c: a tum , Helichrysum adenoc:arpum, Senec::io .rul»sc:ens, S. 

bUP1 euroides, and Ac:alypha punctata ancngst others. There were 

several indicator species, narrely Sync:olostltmO"l parvi'florus, 

Heteropogcn ccntortus, Urelytrum agropyroides, Relhania SPa and 

Asclepias SPa Faithful species did not have much meaning for such a 

widespread cormuni ty, where they may be 1 oc:a 11 y absent. Rec:ogni ticn 

of faithful species for other cormuni ties and sutx:ormuni ties was 

useful bec:ause of their limi ted distributicn. Therefore 

preferential spec:ies were better indicators of this community. 

Easily identified preferential species included Callilepis 

laureola. Pentanisia prunelloides, Clutia hirsuta, Muraltia sp., 

Gnidia myrtifolia, Thunbergia atriplicifolia and Sync:olostemon 

parviflorus. As this community covered such a wide area qualitative 

rec:ogniticn of dominants was influenced by the patchy nature of 

SOTe of the more ccnspicuQ..ls species and/or th:lse in flower. nus, 

immediately after a fire the profusicn of inflorescences of T. 

leuc:othrix, Alloteropsis semialata, wire grasses and variQ..ls 

geophytes, led to the impressicn that these species were the 

dominant species. However, surveillance during the autlJllTl 18 m:nths 

after a fire leads cne to presume Loudetia simplex and Trac:hypogcn 

spicatus are the dominant soecies bec:ause of the densi ty of their 

inflcrescences is high at a time wher. very few other species are 

flowering. Quantitative data collec:ticn overcomes this problem. 

Less abundant grasses included Eulalia villosa, Hltteropogcn 

cCJ'ltortus, Ure 1 ytrum agropyroides, Ctenium c:cncinnum, Panicum 

ec:klonii and Themeda triandra. Where present, the T. triandra in 

this cormuni ty was of a more robust form than that of the T. 

triandra - C. asiatica community adjacent to the shoreline and they 

were ea.sily differentiated. 

The mean height was 31,0 em three to five mcnths after burning. 
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This c~~ity was found on all aspects and gradients throughout 

the reserve. t-bwever, it did cx:cupy areas of different sci I 

structure and chemistry to sane of the other corrvrunities. The soils 

~re sandy loams (trean 'l. sand = 75,9::t 0,82) with a maxirrum 

recorded clay content of 22 I.. Conductivity and organic matter were 

lower than that of all other grassland corrvruni ties units of the 

reserve, wi th treans of 66 , 6 ::t 2,28 umros (p < 0,005) and 3, ° ::t 
0,1 I. (p < 0,01), respectively. pH was also marginally lower. This 

corrvruni ty was recorded upon all soi I forms encountered in tt-e 

reserve with the exception of Champagne. Total cover-abundance was 

often lower on shallow soils. 

Plate 4.3. Triataehya l.ucothri~ - Loua.tia aimple~ short grassland 

4.4.3.2.1. Tristachya I eucothri x Athrixia phylicoides short 
srassland_subcommunity (quadrats 2, 3, 7~ 9, 12, 16, 27, 
30 - 32, 34 - 37, 42, 44, 46 - 48, 51 - 53, 56) 

Despi te being separated from tre rest of tt-e quadrats dominated by 

T. leucothrix as ear-} y as the s.....:.cond level of the TWINSP~ 

classification, this unit was r~~ked only as a subcommunity because 

it was not readi 1 y di scernabl e in the fie 1 d on the basis of 
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floristics or physiognomy. As it was not recognized as a distinct 

vegetaticn uni t during the reccrmaissance phase of the study, it 

was not app:Jrtioned a fixed number of quadrats intended to 

characterize it. However, the results of both the classification 

and ordination suggested such a unit. Field validation of these 

results was inconsistent, as some areas were readily discennable as 

belonging to this vegetation unit, but not others, despite sampling 

there during ini tial data collection • Consequently, this 

suoconYT'l..Jlli ty was not mapped on Map 3, but is possibly worthy of 

further investigation. Field recogni tien failed in most areas 

because the defining species were both scarce and incenspicuous. 

The dominants were the same as for the T. leuc:othri)( - L. simple)( 

conYT'l..Jllity. Preferential species included Panicum aequinerve, D)(alis 

sp., Ajuga ophrydis and Leciebo..1ria revoluta. The total number of 

species was similar to the T. leucothrix - L. simplex conYT'l..Jllity 

although the height (35,0 ! 1,9 cm) was slightly greater. 

Despite the difficulties of recognizing this subcommunity as 

representative of a distinct vegetaticn unit, the validity of this 

unit was supported by its clear assoc:iatien with different ranges 

of specific envircnmental variables. The mean altitude of 201,8 -to 

17,8 m a.s.l. was intermediate between that of the T. leucothri)( 

L. simple)( conYT'l..Jllity and the C. validus - D. natalensis community, 

but the ranges overlapped and therefore this was a poor indicator. 

Conductivity was higher than the T. leucothri)( L. simplex 

conYT'l..JIIity (p < 0,005) and similar to that of the C. validus D. 

natalensis community. Overall soil texture was similar to the T. 

1 eucothri x L. simplex conYT'l..JIIity although there was more clay 

(p<O.OO5). 

4.4.3.2.2. Festuca costata Albuca setosa medi~~ grassland 
suocommunity (quadrats F103, FI04). Plate 4.4. 
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In terms of species composition this subcommunity was not greatly 

different from the T. leucothrix - L. simplex community, differing 

primar-il y in the presence of Vigna SPa and the high ab.Jndance of 

Festuca costata. f-b.ever, the tall growthform of the latter 

species, and its very dark green foliage made it visually very 

obvio..Js as small patches within the main community , despite 

covering only a very small area (2,8 ha - hence only two quadrats). 

The mean height was 48,5 cm. The dark colo..Jr facilitated detection 

of these patches at long distances, which assists its collection by 

local weavers who use F. costata in weaving various household 

i terns. Other species present in ab.Jndance were T. leuc::othrix, 

Alloteropsis semialata, Panic::um aequinerve, Acalypha pJI"lctata and 

wire grasses. The less ab...Jndant graminoids included T. triandra, 

Trachypogon spicatus and Eulalia villosa. The total number of 

species was 54 and 58 in the two quadrats, respectively. L. simplex 

was absent, a characteristic of the C. validus 

cO'TYl"Ul1ity. 

D. natalensis 

Plate 4.4. Festuc::c'\ c::ostata - Alt::uc:. Rtosa medium grassland 

F. c::ostata is also present in low abunda~ce in the C. validus - D. 
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natalensis community, indicating its preference for the more clayey 

soils of the reserve. The two quadrats located in this sutx::ormunity 

had a mean clay value of 24 = 5 I., which was higher than all the 

other vegetation units except the C. vaUdu. 

community. It therefore seems reasonable to speculate that these 

areas cc:uld be invaded by C. validus and D. natalensis. The soil 

environment differed from that of the C. validus - D. natalensis 

community in having a significantly higher conductivity. However, 

with only two samples this can be considered only as a 

generalization. Both quadrats were on a LaJ aspect. Hilliard and 

8...Irtt (1987) noted that F. costata is often local! y dominant in 

damp locations in the sc:uthern Natal Drakensberg. 

4.4.3.2.3. Stcebe vulgaris - Athana.ia calva short shrub grassland 
(heathland) sutx::cmrunity (quadrats 5109, 5110, 5111, 
5113). Plate 4.6. 

This vegetation unit was ranked as a sutx::ormuni ty of the main 

grassland type, because it was believed to be simply an old, 

moribund expression of the main T. leucothrix grasslands, despite 

being very distinct wi thin both the TWINSPAN and DE~ anal yses 

(and some areas having a low abundance of C. validus). The invasion 

of these species was facilitated by the absence of fire. All the 

areas sampled. in which these two woody species were dominant, were 

known not to have been burnt for at least five years. Exclosure 

plots erected in winter 1985 in a two year old sward of the T. 

leucothrix L. simplex ccmrunity had fc:ur established Athanasia 

calva plants by winter 1987 and two Rhus SPa by April 1988 (Plate 

4.5.), i.e. after fc:ur years of protection from fire (see eh. 51. 

The first plant was recorded in September 1986 • Furthermore, 

extensive areas of A block, as well as a few areas of B block (see 

Map 1), were dominated by these two species during several 

reconnaissance visits in late 1984 and early 1985. With the Olset 
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of a regular biennial burn cycle in winter 1985 this woody growth 

~s rem:Jved. As yet there are no signs of any re.--invasial, and with 

the current regularity of burning it is unlikely that there will 

be. Because the extent of this conm.Jni ty is related to the period 

since the last burn, the total area will vary, rut at the titre of 

mapping it covered 33 , 1 ha. 

Plate 4.5. ' Invasion ' of Athanasia calva into the caltrol plot at 
the T. leucothrix - L. simplex site 

S. vulgaris and A. cal va were the TWII\s=>~ indicator species as 

well as being tre dominant and nest calspicuOJs species in the 

field for this subcommunity. Gnidia myrtifolia was the ally othe~ 

species in th? shr.Jb layer. which had a !rean height (n = 4) of 

118,5 + 27,49 cm. The herb stratum was rrorib...Jnd relative to the 

other grasslanC::s of the r-eserve. Litter cover was always ranked as 

'03 ' (6 -25/.) or greater which was not equa l led in any other 

quadrats. Doninarit spe-::ies in the herb stratum were Lcud.tia 

simpl~x. TrAChypogO'l spicatus and Panicum deustum. Preferential a."d 
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faithful species we~e E~iochrysis pallida and E~ica cubica. Othe~ 

~efe~entials included LltCrlotis ap., AristH c:o;n.t., Helic:hrysum 

Fimb~istylis c:omplanata, Xy~is capensis and Dissotis 

atTO'1gst othe~s. The mean height of the he~b st~atum was 

35,0 + 3,0 cm. Total species number va~ied ccr1side~ably f~om cr1e 

quadr-at to another (17 to 50) with a mean of 32. Genera l 

observatiCli left the imp~essiCli that ITOSt a~eas of this 

subc:c:mrunity had fa~ fewe~ species than the surrcunding g~asslands. 

Plate 4.6. Stoebe vulga~is - Athanasia c:alvA short shrub g~assland 

In cCliside~ing 

other grassla~ds 

this subcc:mrunity as cr1ly an olde~ 

of tt-e ~eserve it was notew,:)rthy 

phase 

that 

of 

it 

tt-e 

was 

cha~acte~ized by different ~anges in soil pH and cCliductivity. It 

had a lower pH and highe~ cCliductivity (p < 0,05) than all the 

other COOYTl.lni ties bJt the Frstuc:a c:osbta Alb.Jc:a setosc. 

subcc:mrunity. This suggests two possibilities. All g~asslands in 

the reserve may be invaded by these shrub species in the relative ly 

prolcr1Qed absence of fi~e. Following such invasiCli S. vulgaris and 

A. calva 031 te~ the physical envirc:nment in a fashic:n analogous to 

the acidificatic:n of soils under pine plantatic:ns, hence the the 
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increased conductivity and decreased pH (thereby pr010ting 

facilitative succession?). Alternatively, these species only invade 

certain areas of the reserve, in the absence of fire, that have 

particular physical characteristics. These tw:J possibili ties 

require further- investigation and subsequent recogni tion in the 

fire plan for MGR. 

ValUes for the other measured environmental variables were similar 

to those of other cormuni ties. Soi Is were generall y sandy in the A 

horizon, becoming lTDister- with depth. Three of the faJr- quadrats 

occur-red on a Katspr-uit for-me In terms of aspect, the quadr-ats were 

situated on nor-ther-ly and easterly facing slopes. but ITDre samples 

would be requir-ed to confirm this as a prefer-ence. 

4.4.3.3. Cymbopogon validus - Digitaria natalensis medium gr-assland 
cormunity (quadrats C23, C26, C28, C43, C49, C50, C54, 
C57, C60 - C63, C66, C72, Cloo). Plate 4.7. 

Scattered thraJghout the reserve were patches of variaJs sizes of 

medium grassland dominated by Cymbopogon validus and Digitaria 

natalensis. The total area of these patches was 536,0 ha (6,9 'l. of 

the reserve). This estimatation excludes the numeraJs, very srr.all 

patches that caJld not be mapped at the scale of 1: 10 000. The 

indicator- species for this community were C. validus, D. 

natalensis, Borreria natalensis, Eriosema salignum and Argyr-olobium 

sp •• The lTDr-e conspicuaJs pr-eferentials included Scleria 

melanomphylla. Hypericum aethiopicum, Tritonia sp. and Hypoxis 

argentea. Small aJOCll..Jnts of Aristida junci formis were not uncormcn 

in this cormuni ty. Ther-e was a marked absence of L,' simplex and a 

low a~~dance of wir-e gr-asses. Rare, but faithful gr-aminoids 

included Helictotrichon hirtulum and Harpechloa falx. Invasives 

SUch as Eragr-ostis curvula. E. plana and Sporobolus africanus wer-e 

fD..lf1d mostly in this cormunity (although in r-elatively .low 
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abUndance). The average height was 64,3 :t 3,15 cm three rrcnths 

after a fire, but heights of up to 85 cm were recorded in unburnt 

exclosure plots (see Sect. 6.3.2.). The maxirrum number of species 

recorded in a quadrat was 67, with a mean of 53,2 :t 2,2. As well as 

forming independant patches within the T. lauccthrix - L. simplex 

community the domina~t species of this community were aiso 

associated with forest margins and r-cadsides, indicating 

characteristics of early successiaial species. In the larger 

patches of this community there were obvious signs that the soil 

had beer! ploughed 5C:ltTe time in the past. Fields were evident ai the 

1974 series aerial photographs where the largest patches of C. 

validus dominated areas are presently located. 

Plate 4.7. Cymbopogon validus - Digitaria natalensis medium grass­
land 

This comuni ty was prevalent towards the western regiais of the 

reser-ve. Nearer the seashore it occurred in en 1 y very sma 11 

patches, usuall y associated wi th termite rro..mds. I t was found en 

heavier textured soils of the reser-ve, with significantl y higher 

l evels o f clay and less sa~d than the widespread T. leucothrix - L. 
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simplex grassland (p < 0,0005). Conductivity and organic matter 

were significantly higher than the T. leucothrix L. simplex 

comunity (p < 0,005), as was the nutrient status (S.E. Shackleten 

in prep.). Wl"lE>rever i-Utten soils o.::cured in the reserve they 

invar-iabl y supported vegetaticn of this ccmruni ty. l-bwever, it was 

also fD.Jnd on most other forms recorded in the reserve, except 

Champagne. Its association with heavier textured soils, high 

organic matter, termite mounds, roadsides, forest margins, and 

Hutton sails, indicated a preference for sites with a high nutrient 

status and high rroisture holding capacity rut well drained. A 

tendancy for C. validus to follow drainage lines was noted by 

Hi 11 iaro and Burtt (1987) in the Natal Drakensberg. Previousl y 

Killick (1963) r~d pOinted out that it prefers rroist areas 

("streambanks, gullies and forest margins") but added that it cD...lld 

also gr~ in c01lparativel y dry cendi tiens. 

4.4.3.3.1. Aristida junc;formis Helichrysum 
grassla~d subcommunity (quadrats A102, 
Plate 4.8. 

mixtum 
AI05, 

short 
A106) • 

This was ranked as a sutx:ommuni ty as tl'1e quadrats were not isolated 

from those of tl'1e C. validus - D. natalensis c~~ity in the 

TWINSPA"J analysis, indicating that there was a censiderable number 

of species in cocmv.:n bet~ areas d01linated by C. validus, and 

those dDninated by A. junciformis. However, their separatien in the 

ordination ciagram, and physiogn01lic difference in the field 

promoted the recognitien of these areas as a separate vegetatien 

uni t. despite their s(nall contrirution to the total area of the 

reser ... ': {12, 1 :-.a). 

As the name implies, A. junciformis was the d01linant species 

cen ti b.J ting rrore than 25 i: (up to 75 I.) to the cover-ab.Jndance. 

Other" dorr;inants di ffer-ed between the three quadrats. For example, 
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Plate 4.8. Aristida juncifonmis - Helichrysum mixtum short grass­
land 

Al02 had a high abundance of Borreria natalensis with most other 

species ranked as ' r- ' (r-are) or- ' + ' (not abundant and less than 1 I. 

cover) • wrer-eas T • 1 euc:othr ix, Cyperus obtusi f lorus and wi r-e 

gr-asses wer-e cc::mncn in Al05, b...Jt not in Al06 wher-e Ctenium 

concinnum, T. tr-iandr-a, and Diheteropogon amplec:tens wer-e the most 

abundant species after- A. junci formis. Tre total number- of species 

ra."lged frOT. 36 to 45. The mean height was 36,3 :!: 4,41 cm. 

Each of the three plots was situated on a different soil for-m and 

thols tre small sample size pr-ec: luded anything b...Jt the broadest 

gener-alization about soil factor-s associated with this 

suocc:::rrrrun i t y • 

4.5. DISCLSSICN 

4.5.1. Evaluation of tre classification and ordination results 

The TW1NSPAN classification, in conjunction with the DE~ 
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ordination and field observations provided an adequate description 

of ttc' several grassland cClfTll1'lJni ties, which can form the basis for 

identifing management units. The 'validity' of the results of tre 

multivariate analyses was assessed by division of the data set into 

subsets and re-running the program. The initial division was based 

en the year' of data collection (therefore two subsets), and a 

second divided plots north of the Mkambati River from those to the 

south. In both instances the separation of cClfTll1'lJnities was similar 

to that obtained using the whole data set. 

I t is imoortant to stress that the final uni ts II\If?re recognized on 

the basis of these three approaches together, and that one or 

another alone may 1I\If?11 have yielded different vegetation units. For 

example, the Watsonia sp. areas II\If?re not differentiated as a unit 

by either the TWINSP/¥IJ or DE~ routines (al though a larger 

number of samples may have overcome this) ~ rut they II\If?rE' very 

obvious in the field on the basis of physiognomy and the dominance 

of Watsonia sp. The high abundance of this soecies in localized 

areas implies its specialized environmental requirements which were 

not measured in the course of fie 1 d samp ling. Thi s soec ia 1 is t 

requirement could mea."') that tt-ese areas sl"Duld be managed 

differently to maintain them (if it is desired). Hence these areas 

II\If?re included in MaD 3, rut not in the cc::mruni ty dec...cr-iptions. A 

further example is that of the A. junc:i fennis H. mixtum· 

SUOCClfTll1'lJni ty which was not 'detected' by the TWINSP/¥IJ analysis, tut 

the quadrats II\If?re separated from all others in the ordinatioo 

diagram although not adjacent. Thols, O"le technique 'succeeded' 

where another 'failed', rut coupled with field observations it was 

decided to accept this as a realistic vegetation unit. It may 

require different management to be maintained or eradicated as 

desired. 
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All in all, it might appear that the multivariate analyses merely 

subS tan tia ted the fie I d observa tiens, and iden ti f ied the vegeta tien 

units recognized after the recennaissance visits prior to sampling. 

!-Dever, that was not the case censider-ing that the T. lllUCctl'lrb -

A. phylicoides suocOfMl...lf1i ty was not recognized during the 

reccnnaissance sa~pling stages, ~,d henCE was not allocated 

QUadrats. I-bwever. the resul ts from both the lWI~ and DE~ 

analyses indicated the presence of a community intermediate between 

the T. leucothrix - L. simplex community and the C. validus D. 

nata 1 ensis community which necessitated further visits for 

validatien in the field. The final step of field validatien is 

often omitted by researchers. l-bwever, it is important (t"Ueller-

Dombois and Ellenberg 1974) in preventing the definitien and 

descriptien of vegetatien units from tabulatien and synthesis of 

field data, that are unrecognizable as separate entities in the 

field. This may be because the indicator and preferential species 

are (i) small and therefore difficult to detect, (ii) difficult to 

identify, Qt- (iii) not abundant, thus precluding a different 

management regime for such an 'abstract' community. 

The identi f ication of envirenmental variables as the causal 

gradients in species composi tien suffers from the prOblem of nen-

linear respc:nses of most species to envirenmental variables, a 

factor not accounted for by most ordinatien methods (Austin 1976). 

Likewise, there are few data to support the notien that turnover 

and replacement of species aleng a gr-adient follows a series of 

Gaussian curves (Austin and Austin 199.J). This, and the number of 

variables cor-related with the gradients extracted by DECORANA in 

this study, precluded anvthing but generalizatien about the most 

important factors governing species distribu'l:.iens [altho.Jgh 

DE~ is influenced far less by nen-linearities of ecological 

data than earlier ordinatien methods (eo.."ling 1982)]. Nevertheless, 



the first ordination axis accounted for a considerable amount of 

variation that related to a reduction of maritime influence with 

increasing distance from the seashore. Nevertheless the possibility 

remains that the nost important variables (those exerting the nost 

influence) were not measured. 

4.5.2. 'Appearance' and community nomenclature 

Inclusion of a term descriptive of physiognomy in the names of each 

vegetation uni t is important if tt-ese uni ts are to be recognized by 

personnel unfamiliar with species identification (Kuchler 1967). 

Furthermore, it permits comparison of vegetation units and/or 

quadrats with little floristic similarity (Barbour et ale 1980), 

which may be useful after quantitative description of the other 

vegetation types of the reserve. I-bwever, physiognomy alone is 

inadequate for mapping of small areas in detail because several 

cc:mrunities may share the same physiognomy, as is the case at M3R. 

In such instances floristic composition is necessary and desirable 

in that physiognomy alone rarely reflects local differences in 

environmental gradients as adequately as measures of species 

composition (Goldsmith and Harrison 1976). Oi the other hand it is 

successful for mapping large areas, 

and I"bldenke 1975, Goldsmith and 

showing convergence under 

(Webb et ale 1970, Parsons 

Harrison 1976). 

Being an ecological study it was considered acceptable to 

distinguish ecotypes where necessary. This had little impact on the 

final descripticn of the vegetation LL'1i ts except for the T. 

triandra C. asiatica community, where the short, orostrate 

ecotype of T. tria.,dra is t:xJth a dominant and faithful species. It 

is a noteworthy co-incidence that the orginal ecotype concept 

coined by Turesson was to explain the differences in height a'1d 

growthform of individuals of one species growing at the coast from 
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thcJS£' growing inland (Mc:NaughtCTI and LobI f 1979). The usefulness of 

the ecotype cCTIcept cannot be denied (Barbc::ur .t al. 1900), despi te 

classical taxonomy weighting breeding behaviOJr equally, if not 

aboVe, norphology or ecological requirements. With the present 

trend towards multivariate methods to analyse floristic data in 

conjunction with envirCTImental data (Whittaker 1987) it is highly 

probable that ecotypes wi 11 gain nore acceptance in cormuni ty 

classification and ordination. 

4.5.3. CompariSCTI with other coastal areas of Transkei 

Some of the vegetatiCTI units described for /"ffi are Cc:mncrl alCTIg the 

coastal regiCTI of Transkei. Immediately south of the Msikaba River 

(the southern boundary of /"ffi) Cawe et al . (1983) described 

widespread grasslands dominated by T. triandra with T. leucothrix, 

A. semialata, D. amplectens, E. villosa and C. cO"lcinnum in 

abundance. They also noted a thin strip alCTIg the coastal forelands 

dominated by S. secundatum but this was not mapped as it was not 

visible on aerial photographs. ItKenzie and Cowling (1979) and 

Hoffman (1983) recorded both a T. triandra dominated dwarf/short 

grassland adjacent to the coast (with differing abundances of S. 

secundatum), and a Cymbopogon spp. dominated tall grassland in both 

DNesa and Hluleka Nature Reserves~ respectively. A Tr'istac::hyli 

Aristida grassla."d also occurs in [A,..esa f\R. The major difference 

appears to be that the grasslands of MGR are rich in species 

relative to these tlilCl reserves. The mean number of species per 

2 quadrat (16 m ), averaged across all nCTI-wooded cormuni ties was 

9,7 ::. 0,92 and 15,9::, 0,71 at Hluleka f\R and !Mesa 

ively; whereas at MGR the mean for a 25 m
2 

quadrat 

f\R, 

was 

respect-

52,9 + 

0,93. Possibly such a comparison is misleading in that the 

grasslands of Hluleka f\R and Dwesa f\R are not sour, and it is well 

documented that sour grasslands have a greater species richness (eg 

Sc:otc: her- 1982 , Gr anger- in prep.). 
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The Cymbo~c::n comuni ty in Hluleka NR is dominated by C. 

plurinodis (l-bffman 1983), and that of DNesa NR by C. excavatus 

with lesser amc:unts of C. validus (I'tKenzie and Cowling 1979), 

whereas this comuni ty in M3R is dominated by C. validus. The 

underlying geological strata of the Ecca Group and Beaufort Group 

in Dwesa NR a~d Hluleka NR respectively, have gi'~ rise to soils 

very different to those of M3R. t\k:netheI ess, c::ne still III01ders 

whether differences in this comuni ty between the three reserves is 

not more of an identificatic::n error than anything else. This 

possibility is plausible cc::nsidering that C. validus dominates the 

tall grasslands near Shinixi Point, c::nly 15 km south of Dwesa NR 

(R. Lubke pers. comm.) 

The Tristachya Aristida comunity in DNesa NR is the most 

species- rich grassland community in that reserve, located 

predominantly c::n sands (McKenzie and Cowling 1979). The T .. 
leucothrix dominated areas of M3R bear little resemblence to this 

comunity in that they possess many more species, especially forbs, 

and lack the relatively high ab.Jndance of T. triandra and A. 

junciformis. 

4.5.4. Caupariso. with other sour gras~lands 

Considering coastal grasslands north of MGR, there is little 

comparative quantitative work due to the high human populatic::n and 

agricultural pressures which have severely altered whatever coastal 

grasslands ther-e c::nce were. Edwards (1967) described S. sec:undatum 

grasslands irTYnediately adjacent to the coast in the lower Tugela 

valley, as did War-d (1980) in the Isipingo Beach area in Natal. 

Edwards (1967) cc::nsidered that these were located in areas of 

disturbance (grazing, trampling, or clearance of dune scrub), as 

noted at r'ffi. 
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quantitative data were analysed for the grassla~ds on 

eastem shore of Lake St. Lucia which are, apparently, very 

to those at M3R in terms of rare species composition (R. 

pers. ccmn.) and structure (J.E. Granger, pers. ccmn.). The 

Its from Cc:rllong's (1986) II'CIrk indicate that there is strong 

between the Alloteropsis semi.lata 

[~ilifOliuS community on the Eastem Shores and the T. leucothrix 

f~ . lex community of M3R. Dominant grasses in both areas include ,~. s~mp 
l-
I 

iT. I eucothri x , A. semialata, T. spicatus and D. filifolius (a 
f 
i.. . 
,c:cnsti tuent of the w~re grass compcnent at M3R). AtLtndant forbs in 

include Callilepis launeola, Pentanisia prune 11 oides, 

Acalypha punctata, Thunbergia atriplicifolia. Tephrosia SPa and 

Ccmmelina spp. However, the other communities described by Cc:rllong 

: (1986) do not have equals at M3R, those at Lake St. Lucia seeming 

to be dominated by species characteristic of more hydromorphic 

areas than M3R. wantitative analysis of the wetlands at M3R may 

well reveal floristic similarities with the Lake St. Lucia system. 

Aossibly one of the most striking features of the MGR grasslands 

was the relative scarcity of T. triandra. Both Acocks' (1953) II'CIrk 

and that of Cawe et al. (1983) just to the 5O.Jth described the 

grasslands as being dominated by this species. Furthermore, the 

major difference between the grasslands of I'13R and those of the 

Natal Drakensberg appears to be the dominance of T. triandra in the 

Drakensberg as recorded by Killick (1967) and Scotcher (1982). 

Ranking the species in Table 4.5. in relative order, after omitting 

T. triandra, highlights their similarities. The first two species 

are T. leucothrix and wire grasses. The next four species are 

usually a combination of any four of the following six species T. 

spicatus. H. contortus, A. semialata, L. simplex. E. villosa or D. 

amplectens. Actual ab.lndances mav differ markedly because of 
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the relative dominance or insignificance of T. triandra. Such a 

~ft in dominance from T. triandra in favour of T. leucothrix, 

wire grasses, L. simplex and A. semialata might be interpreted by 

manY as a replacement of decreaser species by increaser I and III 

species through under- and selective utilization of the grasslands 

of MGR (Tainter. 1981). This assumes t~=t these grassla~ds were once 

daninanted by T.triandra. Certainly Pcocks recorded higher 

ab.Jndances of T. triandra in 1953 in Pondoland SaJrveld. 

Table 4.5. Comparative 
locations 

abundance of graminoid species at several 

Pcocks This study Sc:otcher 
a b c c 

T. triandra 21,38 1,62 2,98 42,58 
T. leucothrix 21,09 15,49 24,79 12,38 
wire grasses 15,55 18,73 22,31 13,11 
T. spicatus 12,87 11 ,81 6,82 7,29 
D. amplectens 11,16 4,25 2,39 0,36 
M. ceresiiforme 3,55 0,57 0,02 0,56 
E. villosa 3,05 1,84 2,12 0,86 
C. obtusiflorus 3,01 3,46 1.03 
H. contortus 2,53 4,56 4,74 7,46 
E. racemosa 1,78 0,22 0,08 
A. semialata 1,39 6,01 18,01 0,45 
A. junciformis 0,59 0,08 
L. simplex 0,57 7,11 4,36 0,77 

a - I. relative abundance; b wr-eel point; c dry-weight-rank 

4.5.5. Fire and . invasion' of fynbos species 

The incidenCE, at f"ffi, of a large number of species of fynbos 

affini ties is IIIOrthy of comment. The rrost abundant fynbos species 

were Stoebe vulgaris, Athanasia calva, Erica cubica, E. natalensis, 

E. natalitia, Calopsis pa,iculata, Pratea caffra, P. simplex. P. 

ruJpelliae, Leucodendr"on spissifolium, Leuc:ospernum il,novans, 

Agathosma ovata, and !"Ural tia lanci fol ia. I"bst of these species, 

a1 trough not all, were confined to unbJrnt grasslands or rock 

outcrops and terraces where they were, presumably, protected from 
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fir-e. In light of the pr-esent poor- r-ecor-d of fire centr-ol it is 

impor-tant that management deter-mine whether- or- not to attach some 

signi ficance to these species, and if so, al ter- and implement the 

fir-e policy appropr-iately. Walker- (1988) has inter-pr-eted an 

or-dinatien axis for- the Dr-akensber-g gr-asslands as being age after- a 

fir-e. In light of the r-esults of this study and those of Walker­

(1988) I suggest that the Natienal Vbr-king Grcup for- Vegetatien 

Ecology (NWVE) censider- 'elevating' the time since the last fir-e to 

"compulsory status" for- vegetatien sampling and descr-iptien aleng 

with the five var-iables alr-eady assigned such status (altitude, 

aspect, gr-adient, rock cover-, lithostr-atigr-aphy). At pr-esent it is 

censider-ed enly as an optienal measur-ement (NWVE minutes August 

1985) • 

The invasien of woc:x:ly species into unburnt ar-eas of I"ffi indicates 

that these gr-asslands can suppor-t limited woc:x:ly vegetatien • 

!-Cwever-, the fact that for-est and w:xx:Iland r-equir-e well dr-ained 

sites (Tinley 1982) and the pr-ed01linance of gr-assland vegetatien en 

old planatien sur-faces and hydr-omor-phic soils (Tinley 1982, 

ItKenzie 1984, Feely 1986) indicates that it is unlikely that the 

wh::lle of I'm WOJld pr-ogr-ess into for-est in the absence of fir-e. 

Ther-e is str-eng infer-ential evidence that this r-egien (Feely 1986) 

as well as most of the gr-assland-dominated eastern seaboard 

Natal (Mentis and f-Untley 1982) have been gr-assland for- millenia. 

t-tlwever-, it is qui te pr-obable that the ar-ea of for-est cculd be 

incr-eased to a limited extent in isolatien fr-om fir-e, especially 

along the well developed ter-r-ace ar-eas. 

As an al ternative to the extensive development of for-est i!::. the 

questien whether- or not the whole reserve cculd develop into Stoebe 

vulgar-is Athanasia calva shnubland? This is presently unknown 

pendlng determ~nat~en of its requirements (see Sect. 4.4.3.2.3.), 
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rut it is unlikely that it would cope with the wind and spray of· 

the coastal forelands. In the possibility that large areas of the 

reserve could be dcminated by S. vulgaris - A. cal va shrub 1 and , its 

development would hinge upon management aims. 

4.6. Sl..M"MY 

1. Several grassland communities and subcommuni ties were 

identified on the basis of floristic and physiogncmic differences 

using TWINSP~ and DE~, ccmplemented by field mapping and 

notes. 

2. There is a ccmplex gradient of interrelated environmental 

variables across the reserve frcm the seast-ore inland, with the 

various cc::mruni ties arranged along it. 

3. Prolonged absence of fire probably promotes establishment of 

woody species. 
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ST~IN3 CRF 

5.1. OBJECTIVES 

The objectives for this part of the study were to determine: 

(1) the atTO.Jnt of forage in the main cc:mruni ties, and how it was 

affected by seascnal changes in partiticrling of the plant 

bic:mass between the phytc:mass, necrc:mass and li tter 

components; 

(2) how the plant bic:mass was partitioned between the phytc:mass, 

necrc:mass and litter compc:nents during the year; 

(3) how fire and herbivory affect the amount and accessibility of 

forage and its partitioning between the various components. 

5.2. CNERVIEW & RATI~ 

Diet selection, in terms of both quantity and quality is primarily 

a function of the types and amounts of food on offer. These in turn 

determine the ecological carrying capacity (sensu Caughley 1976) of 

any particular region. Thus, it was necessary to determine the 

amount (this chapter) and quality (Ch. 8) of food on offer to 

herbivores at M::R. The former was to be achieved by estimation of 

the standing crop throughout the year. This approach followed that 

employed by Sc:otcher (1982) and Ccnlong (1986) in the sour 

grasslands of Natal. 

Due to the confusion arising from the interchangeable use of the 

terms 'st~lding crop' and . productivity' in the literature, it is 

important to distinguish between them at the start. In this study 

standing crop was defined a.s the total mass of standing organic 

material per unit area at a particular 11'Cment. It comprised 

standing live material (phytc:mass), standing dead material 
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(necromass) and unattached material (litter). It was distinguished 

here from 'biomass' by tt-e inc 1 usiO'1 of the Ii t ter compc:nen t. Tt-ere 

has been rruch incO'1sistency in tt-e usage of t~ terms (Rutherford 

1978, Grossman 1982). Furtt-ermore, both have, at O'1e stage or 

anott-er, been used synO'1ynD..lsly with productivity. Trus, peak 

standing crop is often equated wi th producti vi ty (eg Ccn long 1986), 

despi te numerous studies showing that it is an underestimate since 

it neglects the death and decomposition of leaves during the time 

taken to attain peak standing crop (Singh et al. 1975, Williamson 

1976, Smith 1985). Individual measurements of standing crop at O'1e 

I'IO'nE!!It in time, ignoring previous and subsequent samples and the 

rate of transfer frO":'l one compc:nent to the next, will provide an 

estimate of forage availability. DefinitiO'1 and quantification of 

productivity at MGR are given in Chapter 9. 

5 • 3 • I'£TJ-[)DS 

O1e site was selected for monitoring in each of the three most 

extensive grassland cormunities (see Ch. 4); namely the T. 

I eucothri x - L. simplex community, the C. validus - D. natalensis 

cc::mruni ty, and the T. triandra - C. asiatica COiMUoii ty. Site 

selectiO'1 was based 0'1 topographic and vegetatiO'1al homogeneity, 

lack of disturbance, accessibility, and representativeness of each 

community as a whole. Characteristics of each site are provided in 

Table 5.1. 

At each site three plots, [30 x 30 m following the recommendatiO'1s 

of the GEP (Mentis 1984»), were erected alO'1g the cO'1tour. 

Different treatments, corresponding to possible management optiO'1s, 

were applied to each plot to permit pair-wise comparisons between 

the effects of burning and grazing (summarized in Table 5.2.). The 

T. tria~dra - C. asiatica site failed to burn satisfactorily in 

1985 aid therefore stancing crop estimates were delayed until 
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Table 5.1. Selected cha~acte~istics of the three monito~ing sites 

SITE 

T. leucoth~ix - C. validus - T. t~iand~a -
L. simplex D. natalensis C. asiatica 

ALTI~~(m a.s.l.) B:) 300 8 
ASPECT ( ) 163 27 132 
ffiAD I EI'II'T (

0
) 3,5 1 3 

D I ST PN:£ FRO'1 SEA ( km) 1,0 6,8 0,06 
CA~ POSITICN top top tOE 
SOIL FCR1 Clovelly see L.h. 3 
SOIL TYPE Loamy sand Silty clay Sandy loam 
A f-mIZClIJ: 

DEPTH (cm) 70 - 95 23 92 
'l. GRA'vEL. 0,8 1,8 
'l. SAND 85,4 23,7 76,2 
'l. SILT 4,1 28,2 10,8 
'l. D-AY 8,4 44,3 9,9 
p-i (KCl) 4,21 3,61 4,04 
Field cap. ('l. ) 34,7 48,9 40,0 

B f-mI ZClIJ: * DEPTH (cm) 25 25 100+ 
'l. GRA'vEL. 1,4 90,8 2,0 
'l. SAND 77,8 64,9 
,.sILT 12,6 late~itic 6,7 
'l. QAY 1,8 ho~izc:n 26,2 
p-i 4,17 4,10 

t..f\JIl:RL Y I I\E sap~olite sap~olite ? 
mTERIAL 

* At the T. t~iand~a - C. asiatica site, the B ho~izc:n is the 
3~d ho~izc:n. 

Table 5.2. Expe~imental t~eatments of plots used in dete~mination 

of standing c~op 

PLOT REFEREJ\CE TREATl"ENTS 

G~aze:j lhfenced Last bu~t Jul y 1985 

lhgrazed Fenced 

CD'ltrol Fenced Last b.J~t July 1983? 

another attempt at b.Jming was made in 1986. The swa~ again failed 

to ignite in 1986. Consequently, there was no fi~ treatment for 

this COfnTut'li ty. Fu~thermore, the initial estimates of he~bi vo~e 
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offtake f~om this community (see Ch. 7) indicated that little o~ no 

g~azing took place. Thus, when clipping commenced in July 1986 only 

one plot was clipped. 

Time const~aints p~ecluded ~eplication of the plot series within 

each community. In accorda~ce with the c~~ity based app~oach of 

this study it was conside~ed mo~e impo~tant to include all the 

dominant cormunities, ~athe~ than study only one community rut with 

mo~e replicates. This p~ecluded the use of infe~ential statistics 

vegetation 

(H.J~lbe~t 

to compa~e t~eatments within vegetation types. Between 

type compa~isons would be based on pseudo~eplication 

1984) and the~efo~e inapp~p~iate. f-b.eve~, rrultiple sampling 

within each plot p~ovided an estimate of va~iation within the data. 

This would have permitted statistical analysis of treatments ac~oss 

all th~ee sites, assuming the sites to be replicates. EUt, omission 

of the g~azed and ungrazed t~eatments f~c::rn the T. triandra C. 

asiatica site left only tv£) ~eplicates fo~ determination of 

t~eatment effects, which was conside~ed insufficient. Hence no 

infe~ential statistics we~e applied. 

5.3.1. Above g~ound standing c~op (ASC) 

Sa~ple size a,d n~T1ber were determined frc::rn the ~esults of a sho~t 

pilot study. Replicates of a se~ies of diffe~ent sized quadrats 

were clipped and the resul tant mate~ial dried and weighed. F~c::rn 

this the sample number and size was dete~mined as five 

quadrats, each 1 x 0,5 m to obtain a SO of < 10 'l. of the mean. The 

time available determined that the inte~al between samples was one 

mcnth. Each quad~at waS ~andc::rnl y lc:x:ated wi thin the plot 

co-ordinate system. Co-o~dinates for the first three 

using a 

IfOlths' 

Quad~ats we~e drawn before the plots were rurnt and all the pla~ts 

or representative examoles were identified and colou~ coded using 

varying numbe~s and colours of fou~-inch nails inserted into the 
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soil near the tuft. This permitted identification of tufts for 

separation into the species groups (see below) imnediately after 

buming. Edge effects of fences were minimized by rejecting co­

ordinates siting Quadrats within 1 m of the fence. Each Quadrat 

was clipped, using hand clippers, to stubble height. This varied 

for indivioual species depending upc:n whether the species was 

tufted or not, and ranged frcm 0 - 2,5 cm. Prior to clipping the 

height of the sward was measured at the centre of each Quadrat 

which facilitated calculation of bicmass concentration (grams per 

cubic centimeter) following McNaughton (1984). 

During clipping the ASC was separated into 

species groups'. These were Tristachya 

simplex, CymboJXl9on validus, Digi taria 

several species or 

1 eucothr ix, Loudetia 

natalensis, Themeda 

triandra, Eulalia villosa, wire grasses (a ccmbination of species 

characterized by their very filiform leaves, flowering immediately 

after a fire, and unpalatability to herbivores including 

Elionurus muticus, DiheterQJXl90n filifolius and Rendlia altera), 

sward (the remaining graminoid species, including sedges), forbs~ 

and all unattached material was classified as litter. The selection 

of these species and groups was based on observations made 

whilst sampling Quadrats for the community description (Ch. 4) 

according to three criteria: (i) their palatability, (i.e. had they 

been grazed?), (ii) ab..Jndance in each community, and (iii) the 

standard increaser and decreaser categories of Tainton (1981). It 

was intended that pairs of the above species would represent 

extremes for the selection criteria. Results for individual species 

are not presented here, but the sampling strategy is mentioned as 

the calculation of primary productivity (Ch. 9) was based on 

species peaks and not peaks in the total sward. 

Litter '~s collected by ha~d both during and after clipping each 
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quadrat. This fraction was often contaminated 'lith large amounts of 

soil (especially at the T. t~iend~A - C. AsiAtica site). In these 

cases the soi 1 and the 1 i tter were separated in the laboratory by 

flotation and sieving. 

Following clipping a soil sample was taken from the centre of each 

quadrat, to a depth of 8 - 12 cm, for determination of soil 

moisture (gravimetrically). This was the depth attained by most of 

the root mass (Shackleton et al. 1988). 

Material clipped from each quadrat was hand sorted in the 

laboratory into phytonass (attached green material), necromass 

(attached dead material) and flowering material. It was then 

at 45 ':i'J0 C along with the litter until constant mass 

achieved and then \Neighed to the nearest 0,1 g. 

5.4. RESLL TS 

5.4.1. T. leucothrix - L. simplex site 

5.4.1.1. Bionass concentration 

dried 

was 

Changes in bionass concentration and height of the sward throughout 

the study period are given in Figure 5.1. There is a clear 

distinction between treatments until January 1987. The control had 

the highest concentration, the grazed plot the least, and the 

ungrazed plot was intermediate between these two. Thereafter there 

was little difference between the plots, all being in the region of 

1 m:;!icc. Ccncentrations peaked in March and April (both years) and 

again in August/Seotember. The lowest concentration was evident in 

winter (May - June). 

The mass of the three components of standing crop (phytomass, 

necronass and litter) for each treatment througt-out the study 

period is illustrated in Figure 5.2. The ccntributicn of -:he 
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phytomass and necromass comoonents to the biomass are summarized in 

Figure 5.3. All absolute figures are presented in Appendix 4.1. 
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Figur-e 5.1. Biomass cencentratien at the T. leuc:othri)( - L. simple)( 
site 

Total biomass showed a significa~t linear increase in both of the 

turnt plots over the period of study (grazed plot: y = 10,3x 

+104,2; r = 0,69; P <0,001; ungrazed plot: y = 10,4x + 130,5; r = 

0,62; p < 0,005). The central plot exhibited an opposite trend, 

displaying a significant linear decrease during the cD...lrse of the 

studv (y = lO.2x - 508.3: r = 0,65; p < 0,005). 
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5.4.1.2. Phytomass 

F~om these two figu~es it is evident that phytomass was g~eatest in 

the ung~azed t~eatment and the~e was little diffe~ence in phytomass 

between the g~azed and cont~ol plots. Peak absolute phytomass was 

at tained du~ing February and Ma~h fo~ all t~eatments. Peak 

~elative pe~centage (of biomass) was achieved at the same time for 

the cont~l plot (30 - 34 %.) and fo~ the g~azed and ung~azed plots 

in 1987. The ~elative pe~centage phytomass st-owed no peak in the 

g~azed and ung~azed plots in 1986 because trey had just been burnt. 

Consequently, it was at a maximum immediately afte~ the fi~e with a 

flush of new g~owth that declined steadily fron January into 

winte~. The dec~ease du~ing Ma~ch and Ap~il was ~apid, ave~aging 
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1,75 g m-2 per day. The lowest absolute amounts were during winter 

(July and August), and were maintained well into the following 

spring due to the late onset of adequate rain in 1986/1987. The 

average winter amounts were approximately only 40 I. of the peak 

$l,JIMler values. The amounts present in the second sunmer were 

considerably less than in the first, I:x:Jth in absolute and relative 

terms. ~ unanticipated drop in phytcrnass occurred during January 

of each year, for which no explanation was evident. 

5.4.1.3. Necrcrnass 

Ccrltrol plot levels were higher than the other two treatments, 

al though the difference declined as the two tllmt plots accUITUlated 

mass with maturation. This conformed with expectations as the 

control plot had not been tllrnt for two years prior to monitoring, 

therefore substantial amounts of necrcrnass had accUITU I a ted • All 

treatments had a bimodal pattern, wi th a major peak at the end of 

winter (August) and a minor peak in late sunmer through early 

autumn (February to March/April). These peaks were separated by 

declines during December/January and April/May. In the major peak, 

necrcrnass contritllted 74 % to the biomass in the two tllrnt plots 

and 85 I. in the control plot. 

5.4.1.4. Litter 

The absolute amounts of litter showed a significant linear increase 

in the two plots tllrnt before monitoring began (grazed plot: y = 
3,8x 11,34; r = 0,91; p < 0,001: ungrazed plot: y = 3,5x 

1,71; r = 0,89; p < 0,001). This approximated an average rate of 

-2 -1 -2 -1 
increment of 0,38 g m d and 0,35 g m d for the grazed and 

ungrazed plots, respectively. The contritlltion (I.) to the ASC also 

increased linearly throughout the study; from 2 - 3 I. three months 

after the fire to over 20 /.. by the end of the clipping period 20 

months later. There was little difference between these two plots 
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in the amounts of litter at different dates. As with biomass, there 

was a net decrease in the central plot during the study period, 

indicating that decomposi tien was, en average, faster than 

litterfall. Absolute amounts at the end of the study were enly 

slightly more than half of the amounts recorded when monitoring 

bega.'I. I-bNever, expressed as a percentage of the As::: , there was 

little change throughout the study (usually between 55 I. and 67 I.). 

The decrease was related to time by the following equatien: y = 
17,lx + 675,0 (r = 0,82; p < 0,001). 

5.4.2. C. validus - D. natalansis site 

5.4.2.1. Biomass cencentratien 

The biomass cencentratien showed similar trends to the 

leucothrix L. simplex cc:mruni ty although the values 

T. 

were 

generally less (see Fig. 5.4.). Slight peaks were evident in 

March/April and again in August/September, separated by low values 

in May and January. The centrol plot had the greatest cencentratien 

a higher cencentratien than the grazed plot. For all treatments the 

cencentratien was less than the T. leucothrix L. simplex plots 

until 1987 when there were no differences. 

Biomass was higher in the centrol than the other tlllCl plots en all 

occasiens. I"breover, all values were higher than tt"ose recorded at 

the T. lEUCothrix - L. simplex site for analogous treatments, 

indicating that this cc:mruni ty was the more productive of the tlllCl. 

This also reveals that the lower biomass cencentratien at this site 

is a functim of the taller physiognomy, and not a lower biomass. 

The net increment in total biomass was significantly linear in all 

treatments although enly marginally so for the central plot 

(grazed: y = 29x + 60,6; r = 0,96; p < 0,001: ungrazed: y = 29,2x + 

88,9; r = 0,93; P < 0,001: control: y = 12,4x + 679,6; r = 0,52; p 
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< 0,02). This possibly indicated that the control plot was 

approaching a steady state. 
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Figure 5.4. Biomass concentration at the C. validus - D. natalensis 
site 

The absolute and relative percentage of each of the cc:mpc::nents of 

standing crop are presented in Figures 5.5 and 5.6, respectively. 

All recorded values, with standard errors, are shown in Appendix 

4.2. 

5.4.2.2. Phytomass 

In general, peak amounts were achieved in February, with Ii ttle 

di fference in absolute amounts between the three plots (290,7; 

250.8 and 295.3 9 m-2 for the control, grazed and ungrazed plots s 

respectively). DJring the first year, phytomass was greater in the 

ungr-azed plot than the grazed plot. Thereafter there was no 

di fference between them. The control plot had the greatest amounts 

th!'"o.Jgh;::ut the seccnd year. The ccntrib...!ticn of phytomass to the 

biomass was not as high as in the T. lwucothrix 
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Figu~e 5.6. Cont~ibution of phytomass and nec~omass to the biomass 
at the C. validus - O. natal.nsis site (0 - phytomass, 
• - nec~omass) 

comuni ty irrmediatel y afte~ the bum. This was because substantial 

amounts of cha~~ed, b..Jt not detached, mate~ial (especially f~on C. 

validus plants) cont~ib..Jted to the nec~omass component. Th.Js, the~e 

was steady a incnement in the p~opo~tion of phytomass du~ing the 

fi~st few ITDiths. The pe~centage phytomass was highest in Dec:embe~ 

(79,3 I.) fo~ the ung~azed plot, January (70,4 I.) fo~ the g~azed 

plot, and February (~ I.) fo~ the cont~ol plot du~ing the fi~st 

g~c:wing season. 

In the second summe~, the pe~centage phytomass was conside~ably 

less in the g~azed and ungr-aZed plots (at 51 I. and 42 I., 

~esoectively) than the? p~evious year-. It was en a par- with that o~ 
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the centrol plot (45 I.) which was no different fron the previcus 

Sl.1tTWTler. The lowest amounts we~ recorded at the end of winter in 
-2 July and August at approximately 45 g m , or 15 - 20 I.. 

5.4.2.3. Necromass 

As at the T. leucothrix - L. simplex site, the necromass conpc:nent 

was asynchrencus with the phytomass conpc:nent, attaining maxinum 

amounts in winter and least amounts in early summer. Again, a 

bim:x:lal pattern was evident, with the major peak occurring between 

late winter and early spring, and the minor peak between late 

Sl.1tTWTler and autumn. Necromass was higher than at the T. leucothrix -

L. simplex site for all treatments, as was total biomass. The two 

burnt plots had less necromass than the central plot but this 

difference declined steadily during the study period. At its peak, 

necromass conprised BJ - 85 I. of the total biomass. The lowest 

values after the first year were approximately 66 I. of the 

total biomass. 

5.4.2.4. Litter 

Litter levels were relatively low in the grazed and ungrazed plots, 
-2 

at less than 70 g m until 18 mc:nths after the burn. There was no 

difference between these treatments, each showing a steady 

accumulatien with time (grazed: y = 4,2x - 2,59; r = 0,92; P < 

0,001: ungrazed: y = 4,5x - 7,16; r = 0,90; P < 0,001). Amounts in 

the grazed plot were censistentl y higher than those under the same 

treatment at the T. leucothrix - L. simplex site, but there was no 

di fference between the ur'lgrazec! plot: in the two cOl'lYTUl'1i ties. The 

central plot had higher levels than the two burnt plots, but less 

than the central plot of the T. leucothrix - L. simplex site. It 

also exhibited a significant marginal accumulatien over time (y = 
4,9x + 194,43; r = 0.62; p < 0,005). There was a large increase in 

winter over the autumn levels. The pattern was similar to that of 
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the necrO'TlaSs compcnent. Relative ca1trib.Jtia1 to the Pel::. in the 

two b..Jmt plots was rD..Jghl y equivalent to that of the T. l.uc:ot~"'i)( 

L. simplex plots, ranging from approximately 4 I. three months 

after the fire to 12 - 14 I. by the end of the study. The ca1trol 

plot ca1trib.Jted a greater proportia1 to the ABC which was 

relatively ca1stant, always less tha." 35 I.. This proportia1 was far 

less than that measured in the ca1trol plot of the T. leucothrix 

L. simplex site. 

5.4.3. T. triandra - C. asiatica site 

5.4.3.1. BiO'TlasS ca1centratia1 

Des pi te the low height of the sward at this site the biO'TlasS was 

equal to, or higher than, that at the T. leucothrix - L. simplex 

site, b..Jt less than the C. valiclus - D. natalensis site (compariSOi 

between Ca1trol plots a1ly). This resulted in the biO'TlasS 

Ca1centratia1 being in the regia1 of 50 I. greater than at either of 

the other two sites (see Fig. 5.7.), always being above 1,7 lrQ/cc. 
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Figure 5.7. BiO'TlasS ca1centration at the T. triandra - C. asiatica 
site 
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Here, too, the net increment in bionass was linearly related to 

time (y = 18,3x + 362,57; r = 0,79; P < 0,005). 

The centributien of litter to the total standing crop was less than 

the T. leucothrix - L. simplex central plot, but was still high at 

greater than 30 'l., usually more than 40 'l. (see Appendix 4.3). This 

is less than that rec:orded at the C. validus - D. natalensis site. 

I t was often greater than the centributien of the nec:ronass 

compc:nent. Phytonass was the least with an average of 18,4 :!: 1,35 'l. 

over the caJrse of tre mc::ni toring period. 

There being enly a central plot, all tre compc:nents of standing 

crop are presented en tre same set of axes (Fig. 5.8.). Changes in 

relative centributien of phytonass and nec:ronass are presented in 

Figure 5.9. 

5.4.3.2. Phytonass 

Tre centributien of phytomass to tre bionass was relatively 

censtant thraJgt-o.Jt tre year except for a peak (up to 42 'l.) fn:m 

February to April. With tre exceptien of winter, tre centributien 

to tre bionass was en a par with that of tre centrol plots of tre 

T. leucothrix - L. simpl&x a~d C. validus - D. n&t&lcnsis sites 

over tre same period. Levels in winter were almost daJble those of 

tre otrer tv.o CCl'lYTUni ties. 

5.4.3.3. Necronass 

As tre inverse to phytonass, the nec:romass was also relatively 

censtant and wi th lower winter values than ei ther tre T. leuc:othrix 

L. simplex, or C. validus - D. natalensis sites. Tre lowest 

-2 
amc::unt of 275,5 g m , recorded in September, centributed 75,4 'l. to 

tre bionass. Tre maximum and minimum centributiens differed by enly 

21 'l., indicating that tre relative prop:>rticns were fairly 
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cOlstant. 

5.4.3.4. Litter 

Tt-e li tter conpc:nent was usually severe 1 y cOltaminated wi th 

aggregated soil particles, often with pieces of litter cemented 

within, r~Jlting in relatively incOlsistent results. Amounts of 

litter fluctuated widely fron Ole sampling date to tt-e next 

obscuring any meaningful trends, al though a slight positive 

increase was evident across tt-e whole period (y = 15,94x + 217,3; r 

= 0,70; P < 0,02). In ccrnparisc:n to tt-e other unb..Jrnt sites tt-e 

mass of litter was slightly higher than that at the C. validus - D. 
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Figure 5.8. Above ground standing crop conponents at the T. 
triandra - C. asiatica site 
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Figure 5.9. Contribution of phytomass and necromass to the biomass 
at the T. triandra - C. asiatica site 

natalensis si te, and slightly less than at the T. leuc::othrix - L. 

simplex site (al though the difference was less by the end of the 

study due to the decline in litter mass at the T. leucothrix - L. 

simplex site). It generally contributed 30 - 45 I. to the ASC. with 

a peak of 50,8 I.. There were no seascnal trends in the contributic:r. 

to the A9C. 

5.5. DI5aSSICN 

5.5.1. Biomass concentration 

Biomass concentration is not a widel y measured parameter in natural 

systems, but has been measured in planted pastures by several 

researchers (eg Stobbs 1973a, 1973b, Chacon .t AI. 1978, Ludlow et 

al. 1982). Values recorded fr-on the Serengeti grasslands 
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(I"k:Naughton 1984) 

recorded during 

extrapolation from 

are of the same order of 

this study. Accepting 

the data of Ludlow et 

magnitude 

/'tNaughton's 

a1. (1982), 

as tt-ose 

(1984) 

cc:w-sized 

herbivores at I'13R v.ould experience biomass concentrations less than 

that required for maintenance (0,8 g/cc) for up to 5 - 6 rrcnths 

after a fire. This is exacerbated if only the phytomass component 

is considered 

this critical 

edible. Phytomass concentrations were never 

level at the C. validus - D. natalensis site, 

above 

and 

only at irregular intervals at the T. leucothrix - L. simpl@x site. 

The extent to which large, non-domestic, bulk grazers are 

influenced by physical characteristics of a sward, such as biomass 

concentration, has not been determined. I-b...ever, /'tNaughton (1984) 

ascribed the preference and maintenance of grazing laW1s by wild 

herbivores to the low biomass concentration in tall swards. Grazing 

laW1s were very COllYT'Crl at I"m (C. Shackleton in prep.), but furtt-er 

studies would be required to determine to what extent tt-e short 

grass played a role in determining congregations of animals on 

these laW1s. This is confC1Jrlded by tt-e higher soil nutrient status 

of these laW1s relative to surrC1Jrlding areas (S.E. Shackleton pers. 

CDmn. ) • 

Extrapolation to a wild herbivore system encounters a number of 

difficulties. First, most wild herbivores are smaller than cattle 

and therefore require less absolute am::unts of food. Hence tt-e 

biomass concentrations required for maintenance will be lower. 

Second, in proportion to their smaller size, wild t-erbivores have 

smaller ma..Jth parts, which will allow them to be more selective 

than cows for small-scale, high concentrations of biomass. Thirdly, 

most wild t-erbivores are more selective (for species and plant 

parts) than cattle which enables them to meet their energy 

.... E'Q,...lir-ements fr-crn proportionately less food, rut of higher 
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quality. This again ~educes the absolute amount of food ~equi~ed 

and hence the maintenance concent~ation. Neve~theless, the studies 

of Stobbs (1973a, b), Chacon et al. (1978) and Ludlow et al. (1982) 

have indicated the potential usefulness of biomass concent~ation as 

a measu~e of fo~age availability, and its application to natu~al 

systems warrants investigation. 

5.5.2. Effects of fi~e 

In 

the 

ag~eement with othe~ studies (eg Sc:otche~ 1982. Eve~son 

un burn t cont~ol treatment had a higher biomass and 

1985) 

ASC (p 

<0,05) than the two burnt t~eatments. l-beve~. the di ffe~ence was 

ei the~ decreasing o~ had disappea~ed towa.~ds the end of the study. 

This indicated that it was unlikely that the sward of the cont~ol 

plots was olde~ than two yea~s at the sta~t of the study. 

Addi tionall y, the~e IlllE're significant di ffe~ences in the absolute 

a.trClLInts and pr-opo~tions of the va~ious conponents between the burnt 

and unburnt treatments. 

The cont~ibution ('l.) of phytomass to the biomass, and the absolute 

a.trClLInts (afte~ a lapse of 3 - 4 months afte~ the fire) lIIIE'~e always 

highe~ unde~ the bumt ung~azed treatment ~elative to the unburnt 

cont~ol t~eatment (al so ungrazed) at the T. lNc:otnrb - L. aimpl.x 

site. This indicates a greater- accessibility and amount of edible 

mater~al pe~ uni t a~ea in bumt swards. At the C. validus D. 

natalensis site, the p~opo~tion (and therefo~e the accessibility) 

was always greate~ in the bumt plot, but absolute a.rro.Jnts IlllE're 

generall y less. 

The unburnt plots had greater absolute a.trClLInts (p < 0,005) and 

proportions (p < 0,005) of necromass and litter. This serves to 

'dilute' the accessibility of the more edible phytomass. Litter 

cCTltr-ibuted uP to 67.3 'l. and 34,7 !. of the AS£. at the T. 
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leucothrix 

respec ti ve I y • 

L. simplex and C. validus - D. natalensis sites, 

5.5.3. Effects of grazing 

From the resul ts presented above it is evident that treatrrent 

effects were similar at the two sites where all three treatments 

were monitored. There was a reductic:n in biomass and A'2£. in the 

grazed plot relative to the ungrazed. This was expected as many 

studies have documented a similar decrease in ASC in open plots 

relative to exclosed plots (eg Pearsc:n 1965, Spence and Angus 1971, 

Kumar and Joshi 1972, Sims and Singh 1978, Strugnell and Pigott 

1978, Ie Rcux 1979, I't:::Naughtc:n 1985). Averaged across both 

communities the difference was significant (p < 0,005), 

small (12,8 I. and 6,9 'l. at the T. leucothrix - L. simplex 

altl'-ough 

and C. 

validus 

quantity 

- D. natalensis site, respectively), suggesting that 

was not limiting at MGR. This difference and 

food 

its 

implicatic:ns are discussed more fully in Chapter 8. This was the 

c:nly difference between these two treatrrents as the proportic:ns of 

the varicus A'2£. compc:nents were approximately equal. &Jt there was 

a trend in the first few months for a higher proportic:n of 

phytomass in the ungrazed plot. This was probably due to the 

removal of phytomass in the grazed plot, reducing its relative 

cc:ntributic:n to the total. 

5.5.4. Seasc:nality 

The seasc:nality of growth patterns was relatively similar to that 

recorded by Scotcher (1982) in the Natal Drakensberg and Cc:rllc:ng 

(1986) in the Natal coastal grasslands. Peak ASC/biomass was 

achieved in March or April at MGR, April or May at St. Lucia, and 

April at Gaints Castle Game Reserve (GCGR). This coincided with the 

period of highest mean monthl y rainfall at MGR and the end of the 

rainy seasc:n at both the Natal sites, yet biomass and rainfall were 
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not correlated. The m:::nth of peak ASC/biomass was ITDre variable at 

Cathedral Peak ranging frO'Tl December to June, although ITDSt plots 

experienced peak biomass between February and May (Eversc:n 1985). 

The swards at MGR presumably attained peak ABC earlier in the year 

than the coastal grasslands at Lake St. Lucia in response to the 

shorter growing seascn before the cnset of cooler temperatures. 

Seascnal parti tiOling of the ASC between the various cO'Tlponents was 

also similar. The lowest cOltributiOl of phytomass to the biomass 

ranged frO'Tl 12 - 26,6 /. at MGR, attained in August for all plots 

except the T. triandra - C. asiatica site which had the lowest 

percentage phytomass in June. Similar figures for GCGR were 5 

25,2 I. in August (grasses Olly), and 2 - 9,9 I. in August at 

Cathedral Peak (biennially burnt plots Olly). The St. Lucia 

grasslands were distinctly different in that the aITOunt of 

phytomass was greater than the necrO'TlaSS until 18 - 22 m:::nths after 

a fire. Thus, there was Olly a slight reductiOl in availability of 

green material for herbivores during the first winter after a fire. 

Lowest absolute values of phytO'TlasS at St. Lucia were reached in 

September or October except for the Ac:roc:eras macrum cormuni ty. 

Obviousl y the necrO'TlaSS cO'Tlponent followed patterns opposite to the 

phytomass cO'Tlponent, with a maximum cOltributiOl in August and a 

minimum immediately after a fire and then again in March/April the 

following year. 

5.5.5. Compariscn to other sour grasslands 

Ccnsidering 

similarity 

the sour nature of MGR grassla~ds a~d their floristi~ 

to the grasslands of the Natal Drakensberg, meaningful 

cO'Tloariscns of biomass estimates for these tw=> regiOls CD..Jld be 

made. Such CO'Tlpariscns are hampered by the different ages of 

swards, a factor that is not always documented by researchers [eg 

the A. mac::rum cormunitv m:::nitored by Cc:nlOlg (1986»). Regrowth of 
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swa~ds at MGR immediately afte~ a fi~e was conside~ably faste~ than 

~eco~ded at va~iCl.Js sites in OCGR by 5cotct-e~ (1982). The seasonal 

peaks we~e higt-e~ too. The lowest and highest wet-season peaks of 

336,5 95,9 
-2 (T. + 9 m laICotnri)( - L. aimj:)l.x g~azed plot) and 

420,4 46,5 
-2 

(C. validus - D. natalensis ung~azed plot) at + 9 m 

I'13R we~e a..,d 117 i'. greate~, ~espectively, than the highest 

~eco~ded 

(1982). 

at any of the one yea~ old sites mcni to~ed 

-2 
Likewise, the peak of 492,9 9 m ~eco~ded 

by 5cotct-e~ 

bv Scotct-e~ 

(1982) fo~ the 2 - 3 yea~ old Banne~man t-Ut site was less (7,1 I. 

and 46.5 I. ~espectively) than tt-e peak bianass ~eco~ded in the 

cont~ol plots (at both sites) of tt-e same age. Peak values at OCGR 

we~e attained in Ap~il, at all sites, whilst at MGR tt-e peak was as 

ea~ly as Feb~a~y, th~Cl.Jgh to Ap~il. 

Eve~son (1985) concluded that tt-e g~asslands in the Cathed~al Peak 

a~ea we~e among the most p~oductive in soutt-enn Af~ica. All swa~ds 

at MGR of less than one yea~ had a higt-e~ peak in biomass than all 

six sites monito~ed by Eve~son (1985), except site IlB which at 396 

-2 
9 m was on a pa~ with amc:unts ~eco~ded at MGR. Olde~ swa~ds (12 -

24 months) at the C. validus - D. natalensis site we~e higt-er (2 

102 I.) than tt-ose at Cathed~al Peak (of tt-e same age). Peak 

biomasses of the T. ieucoth~ix - L. simplex site we~e higt-er than 

p~edicted values fo~ the annual winte~ burnt a~eas only, and we~e 

less tha~ the a~eas burnt biennially in sp~ing. 

A simila~ compa~ison with the coastal g~asslands on the eastern 

sho~es of Lake St. Lucia indicates that the AS:, peaks at the C. 

validus - D. natalensis si te we~e well above that ~ecorned fo~ all 

ccmrunities monito~ed by Conlong (1986). As Conlong (1986) did not 

p~ovide appendices of values tt-e compa~ison can only be 

app~oximate, using values ~ead f~om small-scale g~aphs. PS: is 

compar--ed, ~ather-- than bicmass, as Conlong (1986) g~aphed PEf:... The 
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grazed plot of the T. leucothrix - L. simplex site (0 - 12 months) 

had a peak ABC of 28 % or more greater than similar aged swards and 

treatments at St. Lucia except O"'le site (Cyperus natalensis 

cOMUni ty) where the M3R value was 6 % less. The ungrazed 

treatrreit (0 - 12 ITO"1ths) had a 40 - 54 % greater ABC than all 

si tes at St. Lucia of equivalent age. The lower difference between 

grazed plots of the two study areas possibly indicates that the 

level of herbivory is greater at M3R than around Lake St. Lucia 

[corresponding with the higher stocking rate at M3R (11,8 ha/AU and 

13,8 ha/AU at M3R and the eastem srores, respectively)]. This is 

further supported by the nO"'l-detectiO"'l of signi f icant di fferences 

in ABC between open and exclosed plots at St. Lucia. Even the older 

swards (12 - 21 months = cO"'ltrol plot) of M3R had higher peak ABC 

than the St. Lucia communities of equivalent age except for the A. 

macrum cormuni ty. As the A. macrum community was a wetland 

community in dune slacks with a high water-table and relatively 

organic soils dominated by A. macrum, Juncus krausii and Eragrostis 

inamoena. it is possibly not an appropriate compariSO"'l. 

It appears that the coastal grasslands around Lake St. Lucia had a 

higher peak biomass than the Natal Drakensberg grasslands, while 

the I'm gt-asslands had a higher peak than both. This indicates that 

coas'tal grasslands warrant further research. Lhtil recently most 

attentiO"'l has been given to the Natal Drakensberg grasslands - lO1g 

thought to be the most productive in southem Africa. These results 

and those of ConlO"'lg (1986) indicate that the productivity of the 

Drakensberg grasslands does not match that of the coastal 

areas. 

5.5.6. ASC and abiotic variables 

In the absence of corrooorative evidence it is possible O"'lly to 

presume that the higher ASC of the coastal grasslands is due to the 
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more equable climate of these areas relative to the harsh inter-

seascnal differences at higher altitudes. There is a well 

established relationship between precipitation and productivity 

(Whittaker 1975, Cae .t a1. 1976), explaining, to some extent, the 

high productivity of both these high rainfall regions. However, the 

linear relationship holds true only for regions with a mea~ annual 

precipitation 

relationship 

of less than 700 1'Ml. Above this amount 

between productivity and precipitation is 

the 

less 

consistent. Cessation of growth in winter, despite the relatively 

even distrib..Jtion of precipitation in coastal regions, indicates 

that rainfall is ~sibl y not the nost important environmental 

variable influencing growth patterns. The proportion of the mean 

annual rainfall expected in the three winter mc:nths (June - Pugust) 

is 12,8 I. and 14,0 I. for the coastal areas of MGR and Lake St. 

Lucia, respectively. In the Natal Drakensberg the equivalent 

figures were less than hal f; 5,4 I. at OCGR and 4,0 I. at Cathedral 

Peak. 

Temperature differences are greater than differences in rainfall 

between these two regions. Therefore, the standard relationship 

between productivity and temperature (Whittaker 1975, Rutherford 

1978) may be more useful in explaining the differences in ASC 

(assuming that ABC a,d productivity are related). Mean annual 

o temperature at MGR was 6,0 C warmer than at Cathedral Peak, while 

o the mean temperature of the coldest mc:nth (July) was 7,4 C warmer 

and the mean dai 1 y mininum temperature of the coldest mc:nth was 

8,4
0 C warmer. Frost is nostly absent from the coastal areas, b..Jt 

both frost and snow are COlMlCT\ in the Drakensberg. Using the 

equation of Leith [in Whittaker (1975)J the grasslands of MGR 

should exceed the productivity of Cathedral Peak by approximately 

-2 -1 408 g m yr (23,9 I. higher). I\bt only is the climat;:- more equable 

and conducive to higher growth rates in coastal areas relative to 
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mc:ntane areas, but the growing seasct1 is lenger because of the 

higher temperatures and rrore even expectatien of rainfall. Sims and 

Singh (1978) recorded a strenger correlatien between the ESC and 

temperature than the ASC and temperature. The combinatien of 

temperature and precipitatien in tre measuremen t of 

evapotranspiratien has yielded better correlatiens than either of 

those variables alene except in very arid envirenments (Rosenzweig 

1968, Sims and Singh 1978). Unfortunately such data were not 

recorded at M3R. Tt-e soils are dystrophic in both regiens and 

therefore cannot be used to explain tre observed differences 

between such widely separated areas. 

01 a rrore localized scale standing crop and/or productivity have 

been st-ow1 to be influenced by a large m.unber of variables such as 

soil type (M::Naughten 1968, Rutherford 1978), fire (Hadley and 

Kieckrefer, 1963, Rutherford 1978), t-erbivory ( M::Naughten 1979, 

Rutherford 1978, Tonlinsct1 1986) and rockiness (Rutherford 1983) • 

The C. validus - D. natalensis site, characterized by a higher ASC 

was located en a rrore clayey substrate than the other two sites. 

Studies quoted by Rutherford (1978) support this finding. !-bEYer, 

this may simply be a reflectien of the different height of the 

doninant species at this si te. 

5.6. SlM"MY 

1. The grasslands of I"ER have a high above-gro.Jnd standing crop 

relative to others in southern Africa. 

2. Accessibility cf forage declines with aging of the sward after a 

fire. 

3. Grazed swards have a reduced forage availability despite enly a 

small proportion being removed by herbivores. 
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4. Patterns in relative proportions of the various components of 

above-ground standing crop are markedly seasonal, and therefore ~ 

is the accessibility of forage. 

5. Fuel loads increase with age after a fire. 
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6.1. OBJECT I'vES 

Tne objectives of th~s section were to determine: 

(1) the rate of litter breakd~n in the most extensive grassland 

communities of MGR; 

(2) what might be the consequences for the cc:mrunities (in 

partitioning of the above-ground standing crop) of altering 

the present fire regime. 

6.2. OVERVIEW & RATIONALE 

The processes of 1 i tter breakdClWl (LB) and decom!X)Si tion (LD) have 

received little attention from researchers in southern Africa 

compared with Europe and I\brth Allerica (I-tJ.ntley 1977). This is 

despite that quantification of La rates has facilitated a much 

needed refinement in the calculation of primary productivity (Sims 

and Singh 1971, Smith 1985). Work that has been done deals with 

woody species and communi ties (eg Mitchell et al. 1986. Steinke and 

Charles 1986, Mitchell and Coley 1987, Steinke and Ward 1987) 

whereas decom!X)Si tion in swards has been regretably neglected 

(Tainton 1984). Comparisons of LB and/or LD betv..eerl herbaceaJS and 

woody material inou:ate the processes of LB a"d LD to be faster in 

the former (Singh and Gupta 1977. Morris et al. 1982). 

I t was considered necessary to gain some estimate of LB in the 

di fferent swards at MGR for two reasons. First. such data were 

necessary' for the? cc.lculatia-, 01 A2P because they are required in 

the calculation of transfer rates from the necromass com~ent to 

litter (see C~. 10). Second. it was of interest to determine the 

proportiDI of the total litter that had fallen during the two year 

int.erval betwee>:I DJrns that was sti 11 present at the end of the 

1
, , .. 



biennial burn cycle. This would permit calculation of litter 

quantities removed by burning and breakdown, respectively. 

6 • 3. I"ETHJDS 

Rates of LB and/or LD may be determined by several methxls Which 

include: tracer techniques, indiviaual leaf mon~tor~ng, paired 

quadrats, and litter bags (Wiegert and Evans 1964, Mason 1976, 

Swift et ala 1979). Despite their drawbacks, (Swift et ala 1979), 

litter bags are the most cc:::m'TlCTlly used (I-Unt 1977, Sims and Singh 

1978. Stugnell and Pigott 1978), probably because they are the 

easiest and cheapest relative to the desired level of accuracy 

the reason for employing them in this study. Mass loss trom litter 

bags may be attributed to LB, LD and leacning. 

Bags were constructed fron nylon shade-c:loth with a mesh size of 2 

1M) x 5 1M) and closed wi th copper-coated staples. A large mesh size 

was selected to permit entry into the bag of all sizes of 

decomposer organisms, th.ls approximating the natural situation. 

Each bag was colcur-coded to denote which species it contained 

using a small piece of coloured insulated wire attached to the 

corner. 

Suff icient atraJnts of the necrcmass component of the six key 

species (C. validus. T. 1 eucothri x , L. simplex. D. natalensis. E. 

villosa. T. triandra) and the wire grass complex were collected- in 

AJgust 1985 fran a one year old sward. AJgust was ct-osen to 

coincide w~ th the end of the non-growing season as it was presumeo 

that rrost of the material had entered the necro-nass compc:nent in 

thE' 2 3 m::nths p:--ior to collecticn and was therefore of 

L"'O relatively uniform age_ This was dried at DV C until constant 

weight. Samples of 10.0 9 were then placeC in the shaae-c:lo~h bags 

for all sD?cies excePt wire grasses aid T. tria~dra for which 5.0 0 



and 4.5 g were used. respecti vel y. Tt-e pre-drying of tt-e 1 i tter 

appeared to have no effect cr1 the subsequent rate of U3 in tt-e 

field with the exception of E. villosa (Shackletcr1 and Rogers, in 

prep. ) • 

A total of eighteen bags fOr each species we~e placed each 

the three grassland rocni tor-ing sites (Sect. 5.3.) cr1 4 September 

1985. This allONed for the collecticr1 of three bags for each 

species at approximately three rocnth intervals, from each site. 

Bags were placed in tt-e centrol plot to prevent disturbance by 

t-erbivores and/or wind in the b..trnt plots. In the absence of data 

indicating the ccntrary, it was assumed that the rate of LB was 

similar in the tnree plots. Each was placed cr1 the soil surface 

between individual grass tufts. 

Upcn collecticr1. foreign material was removed from the surface of 

the bags a.'ld each was then placed in a plastic bag, sealed and 

transported to the laboratory. There, the litter bags were placed 

in a ccr1vectien 
o . 

oven at 60 C for f~ve days (time required to 

attain constant mass - determined from the initial drying before 

bags were placed in the field). 

When dry, the centents of the litter bags were hand sorted to 

remove any soi 1 or other foreign matter and weighed to the nearest 

0,1 g. When necessary, organic material was examined under 3>< 

magni f icaticr1 to determine whether or not it was the samE as the 

material originallv placed in the bag. If the material was 

severe 1 y ccr1taminated with soil tt-e sample was placed in a soluticr1 

of MgSOa with a specific gravity of 1.2 to separate the organic 

fracticr1 frOlT, tt-e soil in the tna.'lner described by Curry (1969). The 

MgS04 was ther, washed off w~ th several rinses in disti lled wat.er 
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and the material redried and weighed. 

Exponential decay statistics and constants were calculated using 

equation 6.1. (Mitchell et ale 1986, Steinke and Ward 1987). 

Natural log (Xt/XO) = -kt (Eq. 6.1.) 

where: Xt dry mass remaining at time t 

Xo dry mass at beginning of the study 

6.4. RESLLTS 

6.4.1. T. leucothrix - L. simplex site 

Mass loss from the different species is illustrated in Figure 6.1. 

Mean values and standard errors are given in Appendix 5. 
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Litter from all species exhibi~ed an exponential rate of decay, 

with a very rapid decrease in mass, usually greater than 50 f. 

within the first three months. Thereafter, the rates of loss were 

relatively slow such that only a further 20 f. was lost during the 

following seventeen months. 

It was evident from the decay constants (-k) and their relative 

significance (Table 6.1.) that breakdown of the wire grass complex 

was significantly slower than all other species (p < 0,005). T. 

triandra, on the other hand. decayed significantly faster than all 

other species (p < 0.01) except C. validus. There were no 

significant differences between D. natalensis. L. simplex. T. 

leucothrix and E. villosa. Dailv losses ranged from 0,08 :: to 

0.14 :-:. 

Tab2e 6.1- Exocnential decay statistics for the Ii tter bag study at 
tne T. 1 eucothr-i x -L. simplex site 

SPECIES k k value TLRI\fJ'v'ER r (P) x daily 
sijnif (yr) loss (f. ) 

* 
T. triandra -0.11 a 8,82 0.78 0,05 0,14 

C. validus -0,09 ab 11,65 0,89 0.01 0.13 

E. villosa -0,07 be 14,04 0,94 0,005 0,12 

T. leucothrix -0.06 c 16,69 0,98 0,001 0,11 

L. simplex -0,06 c 15,38 0.97 0,001 0,11 

D. natalensis -0,07 be 14,43 0,96 0,001 0,11 

Wire grasses -0,04 d 23.~ 0,97 0,001 0,08 

r is the reg ressicrl ::OEff~cient at mass with time fitted to tre 
eXpor1ent~al curv!? 

* Assumes a linear decay rate 

** Like letters de-note no s~gnlfica"t dltferenc€? between tIN:) 
soe-::ies 



6.4.2. C. validus - D. natalensis site 

The rate of breakdown is illustrated in Figure 6.2. The proportion 

of mass lost after twenty rocnths ranged from 59 'l. for the wire 

grasses to 87 'l. for T. triandra. Exponential decay statistics were 

calculated as for the T. leucothrix - L. simplex site (Table 6.2.). 

90 
• r triandra 

100 200 300 400 500 

TIME (Oays) 

Figure 6.2. Litter breakdown at the c. validus - D. natalensis site 

At this site the wire grass complex decomPOSed at a sign~fica~tly 

slower rate than oil the ot~r species (p < 0,05) except C. 

validus. At the opposite end of the scal~ T. triandra showed the 

most rapij breakdown, Significantly faster than all the other 

species except T. leucothrix. Breakdown rates of D. natalensis, L. 

simplex anc E. villosa did not differ signiflcantlv a'ld were 
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inte~mediate between the wi~e g~ass complex and T. triandra. 

Table 6.2. Ex pcnentia 1 decay statistics fo~ the litter bag study at 
the C. validus - D. natalensis site 

SPECIES k k value Tl...R!\OvER (P) x daily 
signif (yr) loss (I. ) 

T. t~iand~a -0,13 a 7,57 0,76 0,05 0,15 

C. validus -0,07 b d 14,83 0,97 0,001 0,11 

E. villosa -0,08 be 12,82 0,92 0,005 0.12 

To leucoth~ix -0,11 a c 9,50 0,84 0,02 0,14 

L. simplex -o,CR c 10.55 0,88 0,01 0.13 

D. natalensis -o,CR c 11,15 0,91 0.005 0,13 

Wire grasses -0,06 b d 17,24 0,82 0,02 0,10 

6.4.3. T. triand~a - C. asiatica site 

G~aphical rep~esentation of the ~esults (Fig. 6.3.) indicates 

expcnential mass loss with almost complete b~eakdown of T. t~iandra 

(90 I.) and E. villosa (96 I.) by the end of tre study. There was no 

signi f icant difference between the decay constants of these t"'-C 

species, and both had a signi ficantly highe~ constant than rrost 

othe~ species (Table 6.3.). As was the case at the other- sites, the 

wire gr-ass complex decayed at the slowest ~ate. 

6.5. DISCUSSIO\J 

The pattern of LB - an initial rapid loss of mass that gradual 1 v 

slowed - confonned to the exp:nential decay cu~ve. The~e appea~ed 

to be a slight inc~ease in the ~ate of loss fo~ all species du~ing 

the second sumTe~. This was confi~med by calculating the ave~age 

daily 12ss fCJr each i.nterval betWE'E'r, tIN::: collection dat.es. Hi 
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exa~ple, using values for C. validus from all three sites is 

provided ~n Table 6.4. 
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F~ ~re 6.3. Litter breakdown at the T. triandra - C. asiatica site 

Table 6.3. Ex pc:nentia 1 decay statistics for the litter bag study at 
the T. triandra - C. asiatica site 

SOECIES k k value Tl..A\Dv£R r (P) x daily 
signif (yr) loss ('% ) 

T. triandra -0,15 a c 7,06 0,66 n.s. 0,15 

C. validus -0,08 b 12,81 0,92 0,005 0,12 

E. villosa -0,23 a 4,97 0,67 n.s. 0,16 

T. lE!'..Jcothrix -0,06 b e 16,54 0,97 0,001 0,11 

L. simplex -0,09 bed 11.43 0,89 0,01 0,13 

D. natalensis -0,11 b::d 8,93 0,83 0,02 0,14 

W~re grasses -0,04 e 28,76 0,97 O,CX)1 0,07 



Rates l/Ere generally similar bettlEen species at all sites, with tre 

exception of T. t~iAnd~. and wire grasses. T. t~iend~. exhibited 

the most rapid breakdown at all sites. This is probably due to its 

lower crude fibre content than tre otrer species (C. Shackleton in 

prep.). At tre other extreme, wire grasses had a very slew rate of 

decay which correlated with their relatively high crude fibne 

content. 

Table 6.4. Average daily loss at mass (I.) of C. validus during 
intervals bettlEen collection of litter bags 

SITE a:L.L.ECTICN DATE 
1186 4/86 6/86 9/86 12/86 4187 

T. leucothrix - 0,41 0,07 0.03 0,01 0,00 0,04 
L. simplex 

C. validus - 0,42 0,05 0,07 0,00 0,06 0,12 
D. natalensis 

T. triandra - 0,40 0,05 0,09 0,00 0,02 0,11 
C. asiatica 

Calculation of a mean k value for each site, averaging k from 

each litter bag across all species (n=21), indicated that br-eakdCWi 

was significantly slower at the T. leucothrix - L. simplex site 

than at either the C. validus - D. natalensis or T. triandra ,.... 
\".. 

asiatica sites. There was no significant di tie-rence bettlEen the 

latter two. The higrer soil moisture status at the C. validus - D. 

natalensis and T. triandra - C. asiatica sites (see Sect. 2.5.) and 

its influence on decomposer organisms cOJld be expected to be 

respcnsible for the mor-e rapid LB at the-::oe til£) sites. Wiegert and 

Eva,'1s (1964), Meentemeyer (1978) and Strojan et a1. (1987) have all 

demonstrated the importance of the relative moisture status as a 

tactor influencing the rate of LB. This was supported by the 

increase in LB at the end of the study during the moist SUtTYner--
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period. I t was rresumed that temperatures were comparable at the 

three sites. 

6.5.1. Comparison with other grasslands 

In the one published comparative study dealing with LB of graminoid 

material in RSA (/"brris et ale 1982) the value of k ranged 

from -0,19 to -0,23 for different sites and species. This 

correspa1ded to a mean dai 1 y loss of 0,31 I. - 0,33 I. over the 

experimental period of 231 days. I-bNever, for the Eragrostis 

pallens litter bags ( followed for 392 days), the value of k 

dec lined to -0,07 wi th a mean dail y mass loss of 0,20 I.. Thi sis 

comparable with the results obtained at MGR. Singh and Gupta (1977) 

provided an extensive review of decomposition rates from several 

studies through::Jut the w:>rld. Mean daily losses of graminoid litter 

frc:::rn Ii tter bags ranged between 0,08 I. and 0,24 I., and most were 

below 0,20 I.. Values obtained during this study fell within this 

range. 

6.5.2. Litterfall, breakdown and burning cycle 

Extrapolating the figures derived during this study it was possible 

to estimate the proportion of the total litterfall in the tw:> year 

period between bums that w.:::uld be ashed by a fire. This was 

calculated on a community basis but weighted by the contribution 

of each of the lOCTli tared species to the total communi ty. The LB 

rate of the other species in the sward was taken as the average of 

the seven species lOCTlitored. It was assumed that all species 

contrib..Jted to the litter fraction in propor-tiOl to their 

contrib..Jtion to the biomass. Results were calculated for the grazed 

plots as they silTUlate the rest of the reserve. 

At the T. leu:othrix - L. simplex site the total litterfall within 
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-2 tt-e period between b..Jms II'OJld be approximately 171,0 9 m 

-2 Immediately prior to b..Jming approximately 107,6 9 m II'OJld be 
-2 

present en tt-e gro...Jnd and 63,4 9 m II'OJld have decc:mposed. nus, 

62,9 I. of tt-e total litterfall within tt-e two year period II'OJld be 

ast-ed by fire en tt-e present biennial b..Jrn programre. Tt-e 

corresponding proportiens for tt-e C. validus - D. natalensis site 

at different b..Jrning frequencies are summarized in Table 6.5. 

Table 6.5. Proportien (I. ) of tt-e total litterfall that II'OJld 
decompose under variCl..ls b..Jrning cycles 

El.R\J SITE 
FREQ.E/\CY T. leucothrix L. simplex C. validus - D. natalensis 

Decomposed &Jrnt Decomposed &Jrnt 

~ 24,2 75,8 34,0 66,0 

8IEMlIPL 37,1 62,9 46,2 53,8 

TRIEMlIPL 43,1 56,9 51,4 48,6 

From this it is evident that tt-ere is an inverse relatienship 

between tt-e length of time between fires and tt-e proportien of tt-e 

total litterfall b..Jrnt. Tt-e corollary being that decompositien is 

faster under greater litter loads. This possibly explains tt-e net 

decrease in absolute amounts of litter in tt-e centrol plot at tt-e 

T. l.uccth~ix - L . • i~l.x site (Sect. 5.4.1.4.). ShCl..Ild this be 

the case, it implies an alternating cycle of increases in litter 

followed by decreases in litter. Consequently, is a steady state 

ever attained? 

With exception of tt-e study of Dix (1960) there is little published 

empirical evidence to support the cententien that LB is faster 

under greater litter loads. Dix (1960) concluded that as the litter 
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layer became deeper and /TOre compact decomposi tic:n rates increased, 

until an equilibrium between production and decomposition was 

established. Apart from this evidence there are several additional 

circumstantial pointers to support this contentic:n. 

(i) It is 1lllE?11 documented that an increase in rroistur-e status can 

be correlated with faster rates of LB. As a 1lllE?1l developed litter 

layer maintains a higher /TOisture status at the soil surface than 

areas without litter (Tomanek 1969), it therefore follows that 

rates of LB ought to be faster under large amounts of litter. 

( i i) Large amoun ts of litter on the soi I surf ace reduce tre 

productivity of the biomass component (Penfound 1964). 

Consequentl y, inp..lt of litter is reduced and therefore the balance 

between Ii tterfall and LB ~ld be skE!\lllE!d in favour of LB relative 

to the situation with small amounts of litter. 

(iii) Large amounts of litter may 1lllE?11 provide a /TOre suitable 

environment for decomposer organisms than little or no litter. 

( i v) 01 sen (1963 ) s ta ted that the rate of LB and LD inc reased wi th 

community development. If a net increment in the amount of litter 

is a normal feature of "community development" then Olsen's 

statement is in agreement wi th the trends observed during this 

study. 

From the above~ it appears that there is no reason te> reject the 

possibility of increasing rates of LB with accumulation of litter 

on tne soi 1 surf ace. f-t:lwever, tre steady decrease in tre amoun t of 

lit ter over along per ioo of time encc:un tered in this study. has 

not beef; recorded elsewhere in references rev ~ewed. I"bs t of the 

122 



literature points to the establishment of an equilibrium between 

decompositic:n and oroductic:n, given sufficient time (Dix 1960, 

Olsen 1963). The equatic:ns of Olsen (1963) indicate that such an 

equilibrium would be attained after 5/k years. From the results of 

this study therefore, equilibrium would not be attained until 

approximately 56 years had elapsed after a fire (mean k = -0,09; 

n=21) • 

Olsen (1963) also suggested that in the course of ccmrunity 

development and successic:n there would inevitably be gradual or 

rapid changes in rates of productic:n and LB influenced by new 

species of plants and animals, and in physical and chemical 

characteristics, i.e. rates would not be static. The alternating 

periods of increasing and decreasing decompositic:n rates suggested 

here accord with Olsen's statements. The lc:ng period of time 

required to achieve equilibrium certainly negates the possibility 

that it would be attained and fluctuatic:ns in driving variables and 

processes are more commonly encountered than equilibrium. 

6.6. ~y 

1. Litter breakdown exhibited an exponential pattenn. 

2. Breakdown of litter was fastest at the moister C. validus - D. 

natalensis and T. triandra - C. asiatica sites than at the drier T. 

leucothrix - L. simplex site. 

3. T. triandra was the rrost rapidly b.oken dCWl (0,14 - 0,15 % per 

day), and wire grasses the> slQloESt (0,07 - 0.10 % per day). There 

was Ii ttle difference betv..een the rates of LB of the other species, 

which were intermediate between these two species. 

4. The proportic:n of the total litterfall that is burnt decreases 



with increasing time between tires. Approximately 20 'l. less of the 

total 1 i tterfall is bJrnt under a triennial bJrning regime than 

under an annual bJrning regime. 
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7.1. OBJECT! YES 

In this section the objectives we~e to dete~mine: 

(1) the seasonal fo~age availability of individual species in the 

diffe~ent g~assland communities; 

(2) the levels of he~bivo~ and p~efe~ence ~atios of individual 

species in each community, and how they change seasonally; 

(3) how fi~e affects fo~age availability and acceptability of 

species and communi ties. 

7.2. OVERVIEW & RATIONALE 

The g~asslands of Africa, including southe~ Af~ica, have evolved 

unde~ complex selection p~essu~es amc:ng which fi~e and g~azing have 

been p~ominent (Mentis and I-lJntley 1982, Stua~t-Hill and Mentis 

1982, Hall 1984). Consequently, a knowledge of the st~ctu~e and 

function of g~asslands is incomplete without conside~ation of the 

he~bivore component. Indeed, g~asses that evolved in ecosystems 

without a significant he~bivo~e component display p~operties ve~ 

diffe~ent to tt-ose that have (Mack and Trcmpson 1982). Similarly, 

community st~ctu~e and function may be alte~ed th~ough the action 

of he;-bivores (Crawley 1983). n-us, any rrldllagerrei.t policy airred at 

sustaining large he~bivo~es must be based upon a knowleage and 

unde~standing of herbivo~e habitat and dieta~ p~efe~ences along 

with other ecological ~equi~ements. 

Va~ious facto~s, both plant (The~on and Booysen 1966. Sinclair 

1974. Tomlinson 1980, Q..en-Smith 1982, Coley 1987, O'Reagain and 

Mentis 1988) and animal (Heady 1964, Ja~man 1974. Q..en-Smith 1982, 

Edwa~s 1983) combine to make herbivo~es favour pa~ticula~ a~eas, 

plant species or parts ove~ othe~s. At the plant species level this 

r.as led to their classi ficatic:rl on the basis of their ~elative 



contribution to the diet. Gruncw (199:» distinguished between 

preferred species (those that contribute proportionately more to 

the diet of herbivores than their availability in the area), and 

principal food species (those that contribute the greatest 

proportion to the diet irrespective of availability). The latter 

are often considered key species in monitoring relative utilization 

of grasslands. Two more categories may also be recognized name 1 y; 

non-forage or neglected species (those that are avoided or only 

eaten under very high stocking densi ties) , and in tertrediate 

species. The last are species not usually taken and do not 

contribute greatly to the diet nor are preferred. &1t they are 

utilized more heavily as stocking densities increase. These 

categories are analogous to those recognized by Petrides (1975). 

Categorization of the constituent species of a region in this way 

facili tates refinement of carrying capacity estimates based on 

herbivore consumption rates. 

7 .3. I'£TI-ODS 

Estimates of herbage renoval and species selection may be animal­

based (I"'brgan et al. 1976) or plant-based (Barnes 1976). The former 

includes direct observation of grazing animals, fistulation, faecal 

~~alyses, etc., all of which are impractical fo~ a ~~ltispecies, 

wild herbivore system. Plant based methods include visual rankings, 

exclosure plots, analyses of tiller and tuft size classes, etc. 

Such estimates have beer1 used by Gruncw and von Ginkel (1965), W 

Plessis (1972), Kelly and Walker (1974), Scotcher (1982) and 

Conlong (1986) to yield the information sought in this study. 

Exclosure plots, permanent or movable, were used by Ie Ro...Ix (1979), 

I"k:Naughtcn (1984) and Conlong (1986). Both Ie Rc1!x (1979) and 

I"k:Naughton (1984) recorded 1 arge and signif icant di fferences in 

standing crop and productivity between exclosure plots and the 
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sur-r-aJrlding ar-eas. Ch the other- hand, Conleng (1986) failed to 

detect differ-ences between exclosed and open ar-eas and ascr-ibed 

this to the low levels of her-bivory. Tt-us, it appear-s that 

exclosur-e plots ar-e best suited for- ar-eas sustaining lar-ge 

densities of her-bivor-es and ther-efor-e able to measur-e a very 

definite impact. Other- compl~cat~ens of the exclosur-e method ar-e 

pr-ovided by Milner and El fyn-HJghes (1968). 

In this study, differences in standing crop between the fenced and 

unfenced plots were presumed to be a result of grazing by lar-ge 

her-bivores (grazing by small mammals and invertebrates were assumed 

to be similar in both plots). Therefore a measure of total offtake 

from each site was possible. The methods have been described in 

sectien 5.3. However, censidering that (i) no difference was 

r-ecorded by Conleng (1986), (ii) the similarity of areas of the 

Easter-n Shor-es of Lake St. Lucia to MGR, (iii) the sour- natur-e of 

the gr-asslands at I"ER, and (iv) the importance of such data to the 

management of the r-eserve, both the natur-e and the number of 

exclosure plots per- community wer-e viewed as insufficient. Since 

the time r-equir-ed to r-eplicate plots could not be accommodated in 

the time available for- field wor-k, supplementary data wer-e 

collected using visual r-ankings of individual species abundance and 

levels of herbivory. 

Total rerroval and per species was estimated aleng several transects 

in each community throughout the r-eserve. Possible areas wher-e 

tr-anse::ts cCXJld be sited wi thin each management block wer-e selectee! 

en the basis of accessibil ity. h;m:genei ty of the vegetatien, and 

adequate Sl.ze. These were allocated a number- and thr-ee were 

ra'1donl y dra\'lC1 for each management block. Each tra.'1sect comprised 

100 quadrats (50 x 50 em) five paces apart, giving a total 

transect length of 550 m. If habitat or vegetatienal I"orogenei ty 
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al ter-ed aleng the tr-ansect pr-eventing placement of all 100 quadr-ats 

within the S.=>'TlE' vegeta tien type, the r-emaining quadr-ats llEr-e 

situated at r-ight angles to the main tr-ansect. All tr-ansects wer-e 

assessed at appr-oximately thr-ee rrcnth inter-vals. Tr-e specific 

locatien of the quadr-ats in each tr-ansect was not identical fr-om 

ene sample to the next thr-ee mc:nths later-. 

Initially tr-ansects llEr-e situated enly in blocks bur-nt in 1985; six 

in the T. leuc:othri)( - L. simple)( CCllTYTUni ty, thr-ee in the C. 

validus - D. natalensis community and two in the T. tr-iandr-a - C. 

asiatic:a CClITYTUni ty (11 in total). After- tt-e 1986 bur-n a fur-ther-

nine llEr-e added; six in the T. leuc:othr-ix - L. simplex CCllTYTUni ty 

and thr-ee in the C. validus - D. natalensis community. 

In each quadr-at the following wer-e r-ecor-ded: (i) total dry llEight 

was r-anked en a scale of 1 to 5 [~ nodi ficaticn of Jenes and 

Har-gr-eaves (1979)]; (ii) the thr-ee most atundant soecies llEr-e 

r-an ked as 1, 2, and 3 r-espec ti ve I y , in accor-dance wi th the method 

of t'Mannetje and Haydock (1963); and (iii) a visual estimate of 

gr-azing ('l.) of each species was made en the 8 point scale of Walker-

(1976). Fr-om this the centr-ibutien of each species to the dry 

weight of each cCllTYTUnity was calculated accor-ding to the method of 

Jenes and Har-gr-eaves (1979). All tt-e tr-ansects within each 

CClITYTUni ty llEr-e pooled. The amount gr-azed ('l.) of each species was 

calculated accor-ding to equatien 7.1. 

k 

I. gr-azing = L (A x A x G )/ (A x A ) eo. 7.1. 

n=l t n n t n 

wher-e A = the r-ank of total gr-ass ab.Jndance of all species 
t in each quadrat (fr-om 1 to 5) 
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A = rank assigned to species n accordin~ to the D\.I.R 
n method ( top 3 species as 1, , and 3, 

respectively) 

G = I. orazing of s~ies n (mid-point of each 
n interval of an point scale) 

k = number of quadrats 

Whenever a species was not sufficiently abundant to be ranked in 

the top three by the D\.I.R meth:x:f b.Jt had been grazed (i. e. A = 0, 

b.Jt Gn was positive) a minimum value of 1 I. was assigned for An to 

avoid zero values of calculated grazing. Without this correction 

possible heavy utilization of less abundant species would be 

masked. Alternatively, this could have been overcome by assigning 

dry-weight ranks to more than the top three species. That would 

have required the derivation of new mul tipliers for the D\.I.R meth:x:f. 

Furthermore, it was unlikely that it would have been possible to 

rank more than the top three to five species accurately in such 

dense swards. 

Seasonal changes in diet were assessed by testing for significant 

differences in diversity of food items recorded as preferred 

species as outlined by Zar (1974). 

7.4. RESlL TS 

7.4.1. T. leucothrix - L. simplex community 

The mean standing crop (all months considered) of the grazed plot 

was generally lo.-.er than the ungrazed plot. frlly on two sampling 

dates (February and March 1987) was it higher in the grazed plot. 

The mean reduction (n=21 months) was 12,8:t 13,68 I., although 

highly variable from month to month. Mean monthly reductions are 

given in Table 7.1., a~d seasonal means in Figure 7.1. 
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Table 7.1. Percentage increase/decrease in standinq crop of the 
grazed plot relative to the ungrazed plot at the T. 

z 
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Figure 7.1. Seasonal levels of herbivory at the T. leucothrix - L. 
simplex site (expressed as the percentage reduction in 
standing crop of the grazed plot relative to the 
ungrazed plot). 1 = 1985 burn; 2 = 1986 burn 

The total offtake determined from the grazing transects is provided 

in Table 7.2. It is evident that this mett-Dd yielded ITUch lower 

estimates of offtake than the exclosure method. This may be due to 

inherent differences in the tw::; approaches, or that offtake was 

high at the T. leucothrix - L. simplex site specifically, relative 
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Table 7.2. Offtake fron tt--e T. leucothrix - L. simplex cc::mrunity 

DATE B.R\lT DATE~ 

9/85 12/85 4/86 6/86 9/86 12/86 4187 

July 1985 3,27 1,15 1,17 1,49 0,94 0,17 1,32 

July 1986 8,27 7,45 1,77 

to tt--e rest of tt--e community. Tt--e latter is highly probable as it 

was noted that herbivores were attracted to the plot to graze the 

regrowth in areas of the plot that had been recently clipped for 

determination of standing crop. It is realistic to assume that 

although attracted by the clipped areas of the plot, unclipped 

areas were grazed too. 

Offtake was highest invrediatel y following tt--e b..Jm, decreasing 

significa~tly with aging of the sward (y = 1/0,OO8x - 0,005; r = 
0,897; p < 0,01). There was a slight increase again at the 

beginning of the second dormant season; probabl y because by that 

time herbivores had redispersed throughout the whole reserve as tt--e 

areas b..Jmt in 1986 would, it is assumed, be of similar nutrient 

quality to areas b..Jmt in 1985. The mean recTOval over the twenty 

month period was 1,36 = 0,36 I.. This figure as~~ equal offtake 

througt-o....t the wrole comuni ty which was not tt--e case (Sect. 7.5.). 

The fet;.J resul ts for the areas b..Jmt in 1986 st-oNed that levels of 

offtake were much greater than in the preceding year. 

Selection for particular species within tt--e comunity was 

determined by calculating preference ratios (PR) for each species 

at each sampling date. Results for species that were preferred 

(i.e. PR > 1,0) on at least two sampling occasions are tab..Jlated in 

Table 7.3. (results of the amount available. proportion grazed and 

contrib..Jtion to the diet for all species are in Appendix 6). 
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Species are ordered in the table from those consistently preferred 

to those irregularly preferred. The total number of preferred 

species at any given date (including species preferred on one date 

cr,ly) is given at the bottom of the table. 

Table 7.3. Species preference ratios for the T. leucothri)( - L. 
simplex cOf'l'YTlJliity (the upper figure refers to areas 
bumt in 1985 and the lower figure refers to areas burnt 
in 1986) 

SPECIES st=M=L I f\l3 DATE 
9/85 12/85 4/86 6/86 9/86 12/86 4/87 

Eragrostis 3,8 14,4 3,9 43~3 1,6 32,7 
inamoena 

Heterooogon 4,7 1,9 1,2 3,8 1,3 0.5 5.6 
contortus 0,4 0,9 0~3 

Paspalum 1.9 0,2 4.5 12,8 6,6 0,0 21,7 
scorbiculatum 0,4 0,2 1.7 

Setaria 0,7 12,4 23,2 15.3 24,1 1,5 
sphacelata 4,6 46,3 

Tristachya 1,0 1,8 1,9 1.3 0,9 2,3 1,3 
leucothrix 0.6 2,0 1,8 

Themeda 1.6 1,3 0,6 1,3 0,8 1,0 0.4 
triandra 0,9 2,0 1~4 

Trachyoogon 2,7 0,4 0,7 2,2 1,9 0,4 0,5 
spicatus 0,5 1,0 

Scleria 2,2 0,0 0,4 3,1 5,9 0,0 
me 1 anomphy 11 a 0,1 0,0 

Ctenium 1,5 1,9 0,1 0,0 0,4 0,0 0,0 
concinnulTi 0,3 0,4 0,4 

Sparobolus 2,3 8.2 0,0 
centrifugus 0,9 1.8 

Alloteropsis 0,2 1.0 0,6 0,6 0.6 1,2 1,6 
semialata 1,1 1,3 1,7 

Sc:leria 1.0 0,2 2,0 0,0 0,0 0,2 0.0 
b.Jlbifera 0,1 0.0 

Total number 10 9 8 7 7 6 11 
6 6 12 

I. contrit:ution 45,4 37.9 33,3 36,9 12,9 45,3 47,7 
to cc:xmunity 55,4 49,3 52,7 

:/. contribution 67,6 70,4 71.3 77.3 41,6 91.8 88,0' 
to diet 74,2 82,2 91.4 
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Eragr-ostis 

Tri5tac:hya 

Several species were censistentl y selected, such as 

inatnOl!!"'\a, Hlttero~cn c:cntOr-tU5, Setaria 5!=1hac:elat., 

leucothrix and Paspalum scorbiculatum. Intermediate 

included Ttwnwda triandr& and Trac:::hyl=lOQcn _!=Iic:.tua. Tr-e 

species 

preference 

ratios of Ctenium ccncinnum and SjX)r-obolus centrifugus declined 

with aging of the sward. lmmed~ate post fire selection of 

Alloteropsis semialata in 1986 had not been evident in 1985. Tr-e 

preferred species constituted less than 50 I. of tr-e dry weight but 

usually contributed more than 70 I. to tr-e diet. Tr-e ratio of 

availability to contribution to diet ranged trom 1:1,49 to 1:3,22. 

Tristac:hya leucothrix 

occasions. Tr-e otr-er 

Alloteropsis semialata 

contributed most to tr-e diet en 

principal food species en all cx::casiens 

(> 10 I. of diet). Trac:hyjX)gen spicatus 

all 

was 

and 

wire grasses comprised more than 10 I. of the diet on ene occasien 

each. Species consistently avoided were LOJdetia simplex, Cyper-us 

obtusiflor"Us and Urelytr-um agropyroides. 

Intake of tr-e two principal foods declined in winter, with a 

concomitant increase in intake of HeterojX)gon c:ontortus, 

Trac:hypogon spicatus and wire grasses. Grazing of tr-e necromass 

comjX)nent was noted during the winter I'IO'1ths thrC1Jgh to the sec end 

SlJIlYTler. In September and December 1986, the pr-ojX)rtion of grazed 

Quadrats with evidence of necromass grazing was 28,1 I. and 21,1 I., 

respectively. Necromass grazing declined to 1 I. in April 1987. The 

shift in diet between winter and both summer samples was greater 

thaT, the tw::l ccnsecutive surrmers, alttu..Jgh all were significant (p 

< 0.01). 

7.4.2. C. validus - D. natalensis community 

The increments and decrements in standing crop or the grazed plot 

relative to the ungrazed plot on a I'IO'1thly basis are given in Table 
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7.4. The mean reducticn (average of all months) was 6,91 :t 2,89 I.. 

Seasonal figures are provided in Figure 7.2. 

Table 7.4. Percentage reduction/increase in standing crop of the 
grazed plot relative to the ungrazed plot at the C. 
validus - D. natalensis site 

I"O\ITH 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
I\bvember 
December 

:z15 
a 
t= 
u 

1510 
UJ 
a:: 

1 

~ 5 • ~ 

1985 

B...R-JT 
+ 8,7 
- 13,3 
+ 12,0 

2,5 
- 26,5 

/ 
/ 

YEPR 
1986 

5,2 
- 11,0 
- 13,1 

5,5 
- 34,0 

6,4 
2,9 

- 23,2 
29,4 
3,8 

+ 16,6 
+ 5,6 

2 

t 

1987 

3,7 
- 10,9 

0,5 
+ 3,9 

STUDY 
TERMI~TED 

WINTER I SPRING I SUHHER I AUTUMN I WINTER I SPRING I SUI1I1ER I AUTUI1N I 

Figure 7.2. Seasonal levels of herbivory at the C. validus D. 
natalensis site (expressed as the percentage reduction 
in standing crop of the grazed plot relative to the 
ungrazed plot). 1 = 1985 burn; 2 = 1986 burn 

Like the T. leucothrix - L. simplex community the grazing transect 

data (Table 7.5.) yielded lower estimates of offtake t~~ the 

clipping method. The mean offtake estimated by this approach was 

2,78 :: O~61 I. (as an average over the whole cCllTYll..1nity, ignoring 

areas of ccncentrated grazing), approximately double that of the T. 

134 



Table 7.5. Offtake from the C. validus - D. natalensis community 

9/85 12/85 

July 1985 2,69 3,85 

July 1986 

~TE SPtR..ED 
4/86 6/86 9/86 

5,16 3,45 2,76 

6,97 

12/86 4/87 

0,98 0,57 

7,23 5,10 

leucothrix - L. simplex community. Grazing was highest immediately 

follONing the turn and declined after the first SLJI1YT'er (y = 
1/0,OO2x - 0,164; r = 0,80; p < 0,05). Here, too, the proportion of 

available material removed from areas turnt in 1986 was 

consider ab I y higher than tl"ose areas turn t in 1985. 

Fewer species were preferred in the C. validu. D. natal.,.i. 

communi ty than in the T. leucothrix - L. simplex community (see 

Table 7.6.) although the ratios of availability to contritution 

were far higher. Species consistently preferred were Digitaria 

natalensis, ( 18 - 80 /. of diet) Heteropogon centortus and, with 

maturation of the sward, Setaria sphacelata and Eragrostis plana. 

Festuca costata was selected immediately follONing a turn tut was 

ignored thereafter, whilst Alloteropsis semialata was ignored in 

areas l:urnt in 1985, but prefer-red in areas burnt in 1986. 

Digitaria natalensis was not only preferred tut was also the 

principal food, contrituting most to the diet en all occasions 

except immediately after the turn when Themeda triandra and Festuca 

costata contrituted nore. Despite having a ION PR, C. validus was a 

principal food from April 1986 onwards. It centrituted 39 /. to the 

diet in June 1986, and in September 1986 it comprised 61 I. of the 

diet, with a PR of 1,25. There appeared to be a major diet shift in 

favour of C. validus in winter, at the expense of D. natalensis 

which dropped trom 80 I. to 43 /. and then increased to 77 I. the 
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following summer. The diet in winter 1986 was signi f ic:an tl y 

differ=;;t to preceding and suc:c:eeding summers (p < 0,01), but 

the tw.::l summers were not (p > ° ~ 25). Scotc: her (1982 ) noted in the 

Natal Drakensberg that C. validus was selected by eland in winter, 

and both Matthews (1984) and f\bve 11 ie (1985) recorded signif ic:an t 

grazing of C. plurincdis. Avoided species in MGR were Ctenium 

c:onc:innum, Dit-eteropogon amplectens, Scleria me 1 anomphya 1 la, wire 

grasses and Urelytrum agropyroides. Grazing of necromass was not 

noted in this c:ommunity. 

Table 7.6. Species preferenc:e ratios for the C. validus D. 
natalensis c:ommunity 

:PECIES 

Digitaria 
natalensis 

Heteropogon 
c:ontortus 

Setaria 
sphac:elata 

Panic:um 
aequinerve 

Eragrostis 
c:apensis 

Eragrostis 
plana 

Alloteropsis 
semialata 

Fes tuc: a 
c:ostata 

Cymbopogon 
validus 

Total number 

'l. c:ontritution 
to C:onYrUnity 

I. c:ontribution 
to diet 

9/85 12/85 

1,3 4,3 

7,2 5,3 

0,6 

1,5 

0,2 0,0 

18,6 

0.1 

7 2 

33,1 19,1 

89,6 82.1 

~IN3 DATE 
4/86 6/86 

4,3 2,5 

2,2 0,0 

0,2 6,6 

1,3 11,2 

3,0 

0,3 0,7 

0,0 0,0 

0,5 0,9 

3 6 

16.4 19,1 

68,4 46,9 
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9/86 

2,3 
1,4 

1,1 

0,1 
1,0 

• i ... , ... 

6,5 

0,0 
1,7 

1.3 
0,1 

4 
5 

61,9 
69,1 

91,2 
95.2 

12/86 

5,9 
2,3 

0,3 
2,1 

9,7 
3,5 

0,0 

0,0 
1,7 

2,0 

0,7 
1,2 

0.0 
1,1 

0,2 
0.1 

4 
12 

13.3 
37,7 

79.2 
87,7 

4/87 

2,9 
3,2 

0,3 
1,3 

15,0 
0,9 

0,5 

8,3 

14,1 
3,3 

2,7 
1,2 

0,0 
0,0 

0,2 
0,2 

9 
9 

27,9 
34,0 

84,6 
84,9 



7.4.3. T. triandra - C. asiatica community 

no results 

applicaticn 

were 

of 

obtained 

the bJm 

from this cCll'llTLlnity. 

treatment 

Lhfortunately 

Firstly, the 

resulting in the absence of standing crop data. 

was delayed, 

Secc:nd I y , tw.::l 

grazing transects were completed for this community for the first 

tw.::l sampling dates, bJt no grazing was recorded. Cc:nsequently the 

grazing transects were discontinued. This result is interesting in 

that prior to the corrmencement of the study, after a few 

reconnaissance visits, several people had stressed the fact that 

the herbivores used this community extensively, especially during 

the winter (Granger, pers. CO'Ml., Ruddle, pers. CO'Ml) • Possible 

reasons for this result are presented in the discussion. 

7.5. DISCUSSICN 

7.5.1. Effects of fire 

The falloff in utilization with aging of a sward is a common 

feature of grassland grazing dynamics (Tainton 1981, Scotcher 

1982). This is a result of th~ee factors. (1) Estimates of 

utilizaticn immediately after a fire could be higher because of 

reduced absolute amc::unts of food. Tnus, herbivores may not be 

greater amc::unts, bJt reroval of the same amc::unt cc:nsuming 

cc:nsti tutes a relatively higher proportion of the total available 

few rocnths later. (2) wring maturaticn of the sward a 

follOllling a rum several physical and ct-emical features change. 

Signi f icant increments in the necromass compc:nent and ccncomi tant 

decrements in phytomass reduce the availability of edible material 

as it becomes mj xed with the ITOre unpalatable necromass [green 

material fell from 87 I. to 26 I. of the total by the end of the 

first winter in the T. leucothrix - L. simplex grazed plot, and 70 

I. to 19 I. in the C. validus - D. natalensis grazed plot (see Sect. 

5.4. )]. The nutri ticnal value of the phytomass compcnent 
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decr-eases, often to below levels needed by her-bivor-es to maintain 

their- body weight (see Cr •• 8). (3) At the onset of winter- many 

her-bivor-e species concentr-ated their- gr-azing at specific sites 

ter-med 'gr-azing lawns'. Measur-able offtake fr-om these gr-azing lawns 

..oJld be high, but fr-om rrost of the r-eser-ve it was low. After-

bu!'T1ing the al temative 50 I. af the resente in July, tt-e t-erbivor-es 

wer-e dr-awn to these ar-eas so that swar-ds older than 12 mc:nths 

remained relatively unutilized « 1.0 I.). 

7.5.2. Seasonality 

The selection of par-ticular- species altered dur-ing the year. Tr-ends 

in the changes in PRs of the dominant species have been SUfMlc3r-ized 

in six idealized curves in Table 7.7. [Wen-Smith and Cooper- (1988) 

failed to detect meaningful pattems in PRs, ar,d cr-i ticized the 

accuracy of r-esults obtained fr-om the usage of PRs as calculated 

dur-ing this study. They stated that estimates of 

abundance/availability in an ar-ea were: (i) open to distor-tion by 

uncc:::mocn or clumoed species, and (ii) they wer-e not r-epresentative 

of what an individual animal might encounter-. They suggested the 

deter-mination of acceptability indices as an altemative. However-, 

that is only possible with the use of ta'TlE' animals and was 

therefore not an option in the planning of this study. The effects 

of the first criticism wer-e r-educed by combining the r-esul ts of the 

several tr-ansects in each community, rather than consider-ing them 

individually. Despite these cr-iticisms, definite tr-ends wer-e 

detected. and there was general consistency of tr-ends for ar-eas 

bumt in different years. 

Several species had a high PR on the first sampling date and ...-er-e 

constant at higher or lower levels ther-eafter (eg L. simplex). In 

such cases it was felt that the initial high value was probably a 

reflection of di Herential regr-owth rates r-ather- than tr-ue 
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Table 7.7. Changes in preference ratios of dominant species 

COMMUNITY 

1. Decreasing with age 

1\ 
g:1 ~ 

2. Increasing with age 

T. 1 eucothr be -
L. simplex 

c. conc:innum 
- Eo vi 11 oso. 
- S. centrifugus 

- S. sphacelata 

3. Decreasing and then increasing 

a: 
a. 

- H. contortus 
- P. eckloni i 

4. Increasing and then decreasing 

- none 

5. No change (relatively constant) 

- L. simplex 
- wire orasses 
- C. obfusiflorus 
- U. agropyroides 

6. Erratic 
- A. semialata 
- D. amplectens 
- P. scor-biculum 
- T. tri andra 
- T. spicatus 
- T. leucothrix 

E. inamoena 

TIME 
- S. bulbifera 
- S. melanomphala 
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C. validus -
D. natalensis 

F. costata 
- H. ccntcrtus 
- S. centrifugus 
- T. triandra 

- S. sphacelata 
- A. semialata 

- T. 1 eucothr i >: 

- C. validus 

- S. melanomphala 
.- wi re gr asses 

P. scorbiculatum 
- U. agropyroides 
- D. amplectens 

- D. nataiensis 



preference, and the pattern after the first date received greater 

consideration (al trough the first date was not ignored). CWen-Smi e. 

and Cooper (1988) termed forage species 'palatable' only if they 

were consistently selected thrOJghcut the year. Furthermore, they 

considered that utilization during the new leaf stage of growth in 

woody species shculd have no influence on the palatability ranking 

of a species. This would probably be analogOJs to down-weighting of 

resul ts for the immediate post-fire period employed here. The three 

sample dates for areas bLlrnt in 1986 generally (there were serre 

exceptions) conformed to the initial trends for each species within 

each cormuni ty recorded in 1985. 

There were similarities between the behaviOJr of SOfl'e species 

wi thin the two cormuni ties; for example Setaria sphac:elata, 

Sporol:xJlus centrifugus, Urelytn..un agropyroides and wire grasses. 

I-bwever, other species exhibited different trends in the two 

cormuni ties. The major differences were those species showing no 

trend at all (no. 6) in one community, bLlt exhibiting trends in the 

other. This was to be expected as the species composition of the 

two corrm.Jf1ities differed, which would influence species selection 

(Matthews 1984). There was no correlation between species trend 

and assignment of the species to the standard dec reaser I increaser 

categories of Fora~ et ale (1978). 

Grazing of dried material. usually in winter, is quite a common 

phenomenon in African grasslands (rtNaughton 1985, O'Reagain and 

Mentis 1988). At I"ER it was more prono.Jf1ced at the end of winter 

and spring in the T. leucothrix - L. simplex corrm.Jf1ity. If the 

shortage of available palatable species is such that herbivores 

have to ingest necromass it is not hard to view C. validu5 as a 

princioal fcx:xj species. These results and those of Matthews (1984) 

and f'bvellie (1985) suggest that Cyrntqxlgon spp. may not be as 
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unacceptable as often presumed. 

7.5.3. Comparison with other grasslands 

In agreement with most other published figures for terrestrial 

systems, the proportion of standing crop and productivity consumed 

by herbivores at M3R is very low. Crawley (1983) estimated that the 

majority of stUdies recorded a figure of less than 10 I. utilization 

of available forage. The mean consumption from the T. leucothrix 

L. simplex cc:mruni ty measured using an exc lasure plot was higher 

than 10 I. (i.e. 12,B I.) b..Jt this was probably an overestimate (see 

Sect. B.3.1.). Scotcher (1982) recorded a range of utilization 

between 0,0 I. and 5,54 I. for sourveld grasslands of the 

Drakensberg. Higher levels were recorded at I"ER only during the 

post-fire SUITYTlE'r. The mean level of utilization determined from the 

exclosure plots indicated higher levels of utilization at the T. 

leucothrix - L. simplex site. 

Resul ts from the grazing transects (spread throughout 

community) indicated greater utilization of the C. validus 

each 

D. 

natalensis cc:mruni ty. The signi f ica..,t degree of area selection for 

the C. validus - D. natalensis cc:mrunity (p < 0,001) relative to 

the T. leucotnrix - L. simplex c~"ity (C. Srdckleton in prep.), 

the artificial nature of permanent. exclosure plots, and the 

replication of grazing transects throughout the reserve leads me to 

accept the grazing transect data as a more realistic reflection of 

the 'true' situation. 

Many of the trends in utilization and preference of species 

observed during this study agree with those recorded elsewhere. For 

example, the ini hal selection of Festuca c:ostat. immediately a'fter 

a b..Jm has been recorded by Scotcher (1982) and Shackleton and 

Walker (1985). Both of these studies also recorded utilization of 



wire grasses such as Elicnurus ITUtic:us~ DiheterolXlgcn 'fili folius 

and Rendlia altera immediately atter a fire, whereafter utilizaticn 

fell off rapidly. Loudetia simplex was ac:tively avoided at MGR as 

was recorded by TonI inSO'1 (199:» in ZimbabfE. en the other hand, 

other species showed trends opposite to previous studies. For 

example~ t-eterolXlgcn c:cntortus was ccnsistently selected in both 

cormunities at MGR, yet Shackletcn and Walker (1985) fc:und that it 

was never utilized in North-eastern Mountain Sourveld~ whilst 

Scotcher (1982) recorded utilizaticn in spring declining during the 

rest of the year. In a Sl.1ITVT\ary paper looking at principal foed 

species (not necessarily preferred), GrunON (19B:» indic:ated that 

Themeda triandra was one of the most highly utilized species across 

a variety of veld types and herbivores, yet it rated very poorly at 

MGR (possibly because of its ION atundanc:e). Setaria spp. rated 

well too. HeterolXlgcn c:cntortus received an intermediate ranking 

whilst DiheterolXlgcn amplec:tens was rated poorly. 

7.5.4. General 

It is important to note tr.at the the c:alculaticn of mean 

of herbivory masks the fact that grazing intensity is 

temporally nor spatially uniform. Grazing intensity in 

intensity 

neither 

recently 

b..lr1it ar'""2as is appr-oxi:nately 300 ~~ greater trDI in aIde. swards. 

The relative decline over time is quite dramatic. Fur~hermore. the 

figures obtained 

initiated alcng 

for MGR exc:luded grazing lawns (exc:ept for 

part of transect C2 in the C. validus D. 

natalensis community). Inc:lusicn of these lawns would increase the 

calculated value of mean offtake although the total offtake would 

still be very ION. Assuming a reduct~on in standing crop of 80 I. in 

the grazing lawns, covering a total area of 115 ha, the increment 

in offtake averaged over the whole reserve would be in the region 

of 0,5 I.. 
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The inclusien of nen-preferred species in the diet is often 

difficult to explain, especially if it has a low PR and yet is a 

principal food. There are a number of possible reasons, summarized 

by Crawley (1983), all of which may apply at I"ER. The high 

proportien of principal but nen-preferred species in the diet of 

herbivores at I"ER is indicative of the low abundance of palatable 

species and the generally poor quality grazing afforded by 

Pcndoland Sourveld (see Ch. 8). 

Grazing of forbs was negligible possibly because of the absence of 

browsers. The most frequently grazed forb species were all legumes 

(eg Lotc:nc:nis p.Jlchra, Tephrosia grandiflora, Eriosema spp., 

Indigofera fastigiata, etc.) together wi th Ac::al ypha p.Jnc:tata, 

Watsonia densiflora, Gnidia myrtifolia and Hypoxis sp. 

Failure to detect grazing in the ·T. triandra c. asiatic:a 

community maybe for ene or two reasons. Firstly, herbivores may not 

utilize this community enough to permit observable measurements of 

rerroval. Secc:ndly, problems inherent in the sampling procedure may 

have promoted nen~etectien of low levels of herbivory. This is 

unlikely in light of the low levels detected in the other two 

communi ties. It is feasible that the fine leaved nature of the 

dominant species, Themeda triandra may have made detectic:n of eaten 

leaves very difficult. Furthermore, the fragile and prostrate 

growthform craracteristic: of this community may result in the 

complete removal of a tiller upon grazing, thereby precluding 

visual estilnates of rerroval. Marked plants w::uld probably be the 

best means of measuring grazing in this community. 

Based en the resul ts in this c:hapter and the indicator species from 

the vegetatien classificatien it is possible to identify ce~tain 

. kev' soec ies. Tnese 1I'.CU1 d be the most useful to rocni to~ wi th the 
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implementation of a monitoring programme. Of top priority would be 

u~gitaria natalensis, Cymbopogon validus, Heteropogon contortus and 

Loudetia simplex. 

7.6. SlM"mY 

1. Herbivory levels are low at ~, being generally less than 5 I.. 

2. Levels are higrest in the surrmer following a burn and decrease 

thereafter with maturation of the sward. 

3. The C. validus - D. natalensis community experiences higher 

intensities of herbivory than the T. leucothrix - L. simplex or T. 

triandra - C. asiatica communities. 

4. There is marked species selection [and area selection (C. 

Shackleton in prep.)J~ which differs between winter and surrmer. 

5. D..lring winter herbivores include less palatable species and 

material in their diet. 



f\lJTR I ENTS 

8.1. OBJECTI YES 

The objectives of this section of the studv were to determine: 

(1) the acceotability of the grasslands and how it changes 

seaSO'lall y: 

(2) how fire and herbivory affect forage acceotability. 

8.2. CNERVIEW & RA TI (N:ILE 

It is a comolex task to determine the Qualitv of the diet available 

toherbi vores. and whether or not it is adequate to /TEet their 

needs. The comolexi tv arises from several factors. (1) I\Utrient 

differences between various fc:x:xj items (soecies. parts. age~ etc.). 

This means that selection for particular fc:x:x:ls ITUst be assessed 

before measurement of availabili tv is meaningful. (2) Requirements 

differ from one individual herbivore to the next according to 

di fferences in soecies. age. sex. physiological condition. past 

nutritional status. etc. (Headv 1964. Crawley 1983. Robel in and 

Geay 1984). This in turn. may effect their selectivity. (3) It is 

often desirable to ensure that anv given diet suoplies all the 

nutritional requirements. Since seventeen different nutrients are 

necessary for maintenance (mineral s and arrconts required to 

maintain body mass) and growth in herbivores (Over 1969). this is 

often not feasible in terms of time and exoense. I\bt only are the 

concentrations of soeci fic minerals imoortant. b...:t also the ratios 

of various oairs of minerals (Ow Toit ~t &1. 1940. Over 1969. 

aransbv 1981. r1acKie and Therion 1984). 

Most recommenda~ions on nutrient requirements were obtained from 

trials invol ving domestic animals. In such situations the 

availab~litv and selection of food items can be controlled. ane the 
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di fferences in reouireme?f"\ts t:etween soecies. aaes. sizes. etc. can 

be determined. In tile absence of contradictory data. tnese resul ts 

have been extraoolated to wild ilerbivores. Determination of dietary 

Dualitv is considerably more difficult in free-ranging. wild 

ilerbivores tr~n domestic animals. enforcing the adoption of plant­

based methcds rather- than anirnal-based methods. I-bc,..ever. there are 

distinct differences t:etween the Qualitv of actually ingested food 

and that determined bv plant-based methods. which usually 

underestimate the possible availabilitv and ingestion of 

and minerals. and overestimate the possible ingestion of 

(Weir and Torrel 1959. van Dyne and Headv 1965. 't Mannetje 

protein 

fibre 

1984). 

Hence. fistulated animals should t:e used if possible. This could be 

achieved using hand-reared. tame animals. but that is impracticable 

in a multisoecies situation such as MGR. 

It was necessary to obtain sone indication of the oalatabilitv 

[soecific characteristics of the feed that influence herbivore 

preference or avoidance (Bransby 1981): in this study restricted to 

cremical characteristics] of the different swards and species at 

MGR as forage Quality rather than Quantitv may be the limiting 

factor to herbivore oooulations. This has been shown elsewhere in 

Africa (Talbot and Talbot 1963. Sinclair 1975). and more 

soecif~cally in the sour grasslands of the Natal Drakensberg 

( Men ti s 1978. Scotc her 1982). hence the POSsi bi 1 i tv that the same 

applied in the sour arasslands of MGR could not be ignored. 

8. 3 . !'£TH:IDS 

The oalatabilitv of grass has been both positively and negatively 

related to several physical and cremical properties of herbage. 

These include protein content. anth:x::vanin levels. crude fibre. 

moisture. breakinc;: tension of the leaves and pt-osphorus content. 

am:::ng others (Heaov 1964. Theron and Bo:lvsen 1966. Stc3;'i lev-Price 
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1977. Downing 1979. Tainton 1981). 

Since there is a large body of evidence indicating that protein is 

one of the most frequently limiting nutrients, given sufficient 

energy (Sinclair 1975. Bransby 1981, 5cotcher 1982). It was evident 

that it should be the primary focus of nutritional anal vses for­

this study. Crude protein (OP) was determined as 6.25 x I. N 

(Afolayan and Fafunsho 1978. Bransby 1981). Likellllise. the 

imoortance of fibre as having a negative effect on ingestion was 

recognized (van 50est 1965. Bransby 1981) and was, therefore. to be 

included in the analyses. However. the inability of laboratories in 

southern Africa to differentiate the var-ious fractions of crude 

fibre (which includes some digestible fractions. such as 

hemicellulose. but excludes other indigestible fractions such as 

lignin) via the van 50est method (1967) prorroted a more indirect 

determination by assessment of digestibility rather than crude 

fibre as such. Digestibility is one of the most important factors 

determining herbage quality (Bransby 1981). and is generally 

negatively correlated with fibre (Stanley-Price 1977. Heard 1980). 

The nutrient DOOr soils and sour vegetation prompted the inclusion 

of standard vegetation analySeS for various minerals: these 

included ootassium. phosphorus. sulph...tr. calcium and magnesium. All 

anal yses were u'ldertaken by the 5aJth Africa:, Sugar Assoc:iaticn 

laboratories at /"bunt Edgecombe (Natal) with the exception of 

digestibility determinations which were done bv Mr P. Zacharias of 

the Deoart.n-ent of Grasslands Science. A;lricul ture Facul tv, 

University of Natal (Pietermaritzburg) using an in vitro cellulase 

technique (Zacharias 1986). 

Phytomass clipped from the three treatment clots for estimates of 

A9: (see Ch. 5) was used for the analyses. Analvses were conducted 

for- each of the key species at each site and each treatment. ODOleo 
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from the five clipped Quadrats. The amounts of Themeda triandra and 

Eulalia villosa (from the T. leucothrix - L. simplex site only) 

were oenerally insufficient for individual analyses and were 

therefore included in the sward fraction. Exoense precluded the 

~~alysis of replicate samples and hence there was no statistical 

treatment of the data. en occasions there were insufficient arrounts 

of oarticular species and therefore not all the minerals could be 

ouanti f ied. Resul ts are presented for the total grass phytomass 

(which does not include forbs) as a whole and not for individual 

species. The mean percentages were weighted by the contribution of 

each species to the total phytomass of grasses. All results are 

expressed as a percentage of the dry mass of phytomass. 

8.4. RESLLTS 

8.4.1. T. leucothrix L. simplex site 

8.4.1.1. Crude protein (OP) 

The CP (I.) recorded for the three treatment plots over the duration 

of the study is illustrated in Figure 8.1. Absolute values are 

provided in Apoendix 7.1. Both burnt plots exhibited high levels () 

10 I.) ilTYTediately after the burn. Levels decreased rapidly, so that 

by February they were similar to the unburnt plot. I t is evident 

that the CP in the ungrazed plot was IDlEr than that in the grazed 

plot for most of the nrnths recorded. After the decline in CP 

following the burn. the values for the control plot were also 

higher (generally) than th:lse in the ungrazed plot. b.Jt on a oar 

with those for the grazed plot. Ignoring the high post-fire levels, 

values ir. Sl.1IMler were usual I y 30 - 50 I. higher than the winter 

levels. The IDlESt CP levels were recorded in July or A.lgust. 

8.4.1.2. Digestibility 

The mean digestibility was consistently IDlEr in the control plot 
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than the other two plots (Fig. 8.2.). There appeared to be little 

difference between the grazed and ungrazed plots. Values were high 

immediately after the burn. but decreased rapidly~ being on a par 

wi th the control plot by December. There was no marked seasonal 

differentiation. thus sward age had a greater influence on 

digestibility than did seaSOi. I"bst values fluctuated between 23 I. 

and 32 I.. 

6.4.1.3. Minerals 

It is evident from Figure 8.3. that trere were both seasonal and 

treatment differences in the concentrations of sane minerals. but 

not others. Both P and K showed a rapid decline follONing the 

fire. and strong seasonal differences thereafter. The lowest winter 

values (0.03 I. P and 0.65 I. K. respectively) occurred in Julv aid 

A.Jgust and peak values were in earl V spring (September and 

October). en the other hand. Ca and I"Q exhibited little respc:r'lse to 

the fire. and no seasonal trends. with values remaining relatively 

constant under all three treatments (0.20 - 0.30 I. Ca and 0.12 

0.25 I. Mg). A large number of missing values (insufficient 

material) detracted from a meaningful interpretation of the trends 

in the concentration of S. but it did appear that values were high 

follow~ng a fire (relative to the unburnt plot). declining rapidly, 

and with little change after December. With respect to the actual 

values recorded there were some treatment effects over and above 

the effect of the fire. For instance. Ca was generally 

the ungrazed plot relative to the grazed plot. whilst the 

higher in 

opposite 

held true for S. There wer-e no differences in cO'1centraticns of ~, 

K and P between tt-ese two plots. The control plot was characterized 

by the lowest concentratiO'1s of Mg and Ca. but had the higrest 

concentrations of K (after the decrease following the burn). 

150 



215-

2:65~ 
2,45 

2,25 

z.o5 

~ US 

~ 1,65 
III 

'" < 1,45 .... 
0 ... 

1,25 

1.05 

D,I5 

',65 

t 

D,22 

0,11 

~ !.. 
cr 

0,1. 
:::> 
::: ... 
5 0,10 
'" 

0,06 

D,02 I 

I 

I 
D,22 

0,11 

~ !.. 

'" 
0,14 

::> 

'" 0 ::: 
0,10 Q,. 

III 

~ 
Q,. 

D,06, 

1 
D,021 

i 
( , · ; , 
t 
~ , , , 
( 
t 

f. 
l,':.~ 

' ... 
I' 
I . 
I' 
i. .. 
\ 

A SON Oil f 

1985 

I 
\ 
I •... \ 
\ 
~ 
'.~ 
'1 
'.\ 

A SOH 0 IJ f 
1985 

, , 
l • ) · , , 
• . 
< , 
i .. \ 
'.\ 

\\. 
... " .... \ 

......... 

.~ 

II A II J J AS 0 H O!J F II A II J 
1986 1987 

, 
V 

'. 

1\ A II J J AS 0 N o/J f II A II) 
1986 1987 

AS 0 Ii 0IJ f 1\ A 1\ J J I. SON olJ f II All ) 
IUS 1986 1981 

D)' 

',26 

o,n 

;t 
!... D," 

0,10 

',06 

.,.21 
~A~S~O~N~O~I~J~F~II~A~H~J-J~A~S~6~N~O~'~J~F~H~~-H~J 

',n 

',11 

~ !.. 
~ 0,14 

III 

~ 
~ 0,10 ~ 

0,0. 

0,02 

1985 1986 1987 

(\ 
'\ \ 

:' ~.,. I ~ r··~ .' .... \:.. V 
.,~./ ...... : ... ,,~ -;:\~ 

".'\ 

0·· · ••.. 0 

0- _...0 

Control 

Ungrazed 

Grazed 

. 

Fiaure 8.3. Nutrient content of Qrass leaves at the T. l.ucotMri~ -
L. simclex site 

151 



B.4.2.·C. validus - D. natalensis site 

8.4.2.1. Crude protein (OP) 

Wi th the exception of a fE'llll nonths. OP was higher in the grazed 

plot than in the ungrazed plot (Fig. 8.4. and Appendix 7.2.). This 

was also the case at the T. leucothr"ix L. simplex site. The 

cc:nt~cl clot had tt-e lowest 'value: of all tre treatments. 

Overlooking the effect of the b.Jm. seasc:nal di ffer-ences wer-e 

evident. Crude protein was lowest « 3 %) in late winter (Julv or-

August). Levels in spring were almost double those of winter. b.Jt 

declined steadily thr-ough summer to the low winter- levels. A small 

oeak was evident in Mav. as was r-ecor-ded at the T. leucothr"ix - L. 

simplex site. This cor-resJXT\ds with the incr-eased phvtomass and 

r-educed necr-c;mass r-ecorded at that time (see Sect. 5.4.2.). Values 

for all treatments were less than those r-ecorded for analogcus 

plots at the T. leucothrix - L. simplex site. 
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under the three treatments at the C. validus - D. natalensis site. 

The digestibili tv for the ungrazed treatment was often less than 

the grazed plot. and rarelv greatly higher. The control plot 

generallv was 2 - 3 I. lower than the other tw::> plots. There was a 

steadv decline in digestibility throughout the study, even in the 

control plot. which was not interrupted by 5easo.al trends. As with 

CP. digestibility was lower than at the T. leucothrix - L. simplex 

site. 
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I"latalensis site 

8.4.2.3. Minerals 

The new grOll/th after the b.Jm had higt-er concentrations of P. K. 

and 5 (as far as could be determinec in light of a number of 

missing values). relative to the unb.Jmt sward (Fig. 8.6.) • 
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Concentrations of these three minerals decreased rapidlv after 

b.Jming. Seascnal differences v.ere evident thereafter in P and K. 

Concentrations of Ca did not follow any discemible pattem during 

the studv period. Magnesium declined throughout the study in the 

t~ b.Jmt plots. There v.ere treatment differences in the 

concentrations of some of the minerals. Levels of K were lowe~ in 

the ungrazed plot relative to the grazed plot. whilst the levels of 

Mg v.ere higher. In agreement with the results from the T. 

leucothri~ - L. simplex site. the control plot had low levels of 

Mg and Ca al though the difference was less or had disappeared by 

the end of the monitoring period. Similarly, levels of K v.ere 

highest in the control plot once the high post-fire concentrations 

had declined in the other t~ plots. Values of Mg and Ca v.ere 

general I v lOVEr (wi th exceptions for some mc:rlths) than th:Jse 

recorded at the T. leucothrix - L. simplex site, b.Jt K was higher. 

8.4.3. T. triandra - C. asiatica site 

8.4.3.1. Crude protein (CP) 

Crude protein varied between 3,9 I. and 7.5 I. (Fig. 8.7. and 

Appendix 7.3). I"b1thly values v.ere comparable to the values 

recorded in the unb.Jrnt plot at the T. leucothrix L. simplex 
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site. b..Jt were substantially higher than tt-ose recorded at the C. 

validus D. natalensis unb.Jmt site. over the correspc:nding 

oerioo. The 10lESt level of CP was attained at the end of winter. 

in A.Jgust. 

8.4.3.2. Digestibility 

The monthly levels of digestibility ('l.) are presented in Figure 

8.8. Thev exhibited similar trends to cP, declining during the late 

winter at the start of monitoring, and then increasing at the onset 

of spring (in September). The highest level was recorded in May (as 

was the highest 'l. CP). Nevertheless, there was little difference 

throughout the monitoring period as a wh:lle~ and values were 

relatively constant. Values were generally less than tt-ose recorded 

at the unb.Jmt plot of the T. leucothri)( L. simplex site. 

However, they were higher than tt-ose recorded at the unb.Jmt olot 

at the C. validus - D. natalensis site, with the exceotion of the 

lo~t values attained in late winter. 
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asiatica site 

8.4.3.3. Minerals 

As at the other tlIoO si tes, there were marked seasc:::na 1 di fferences 

in the concentration of most of the minerals recorded (Fig. 8.9.), 
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most noticeably of P and K. The lc:west ccncentrations of P. K and 5 

were recorded in late winter (A.Jgustl, and the highest in late 

autUlTT1 (May). Calcium and I"Q were at their lowest values in 

September. cne m::nth later than the above menticned three, but the 

highest values were recorded also in May. Co-lcentraticns of fY'Q, Ca 

and S were usually higher than at the T. leuc:othri)( - L. simple)( 

and C. validus D. natalensis sites. but K was lower than at 

ei ther of these two si tes. 

8.5. DlSOJSSIQ\J 

Ac:ocks (1975) ascribed the low incidence of grazing in this region 

to the "very 5O..1r" nature of the grasslands. The resul ts presented 

here indicate that these grasslands are indeed very sour, being 

deficient in both (Y and P. I-bwever. statements regarding the 

nutritional Quality of the grasslands must take cognizance of the 

effects of both season and fire. Oice-off measurements and 

subseouent interpretaticns and generalizations (eg O' Dcnovan 

u!"'ldated. ChaD'T'lan 1980) could IlEll prooote misleading conclusicns or 

recCJfMlE'l'1dations. For instance. O' Dcnovan (undated) recorded 6 'l. (Y 

in "freshlv burnt" grasslands at I"ffi. a.'1d yet results presented 

here indicate that values are above this for at least 4 5 m::nths 

after a fire. It is thus appropriate that these factors (seascn and 

fire) are considered individuallv before general statements can be 

made. Furthermore. in discussing these results it is imoortant to 

bear in mind that nutrient Quality determined from clipoed samples 

is not an accurate reflection of what is available to herbivores. 

Herbivores are selective for particular areas. plant soecies. and 

plant parts. 

Except for areas of concentrated grazing (where all soecies were 

grazed) a"d highl y preferred soecies (such as S.taria spn&c:.lata. 
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Digi taria natalensis and HeteroCXJgc:rl cc:rltortus) it was observed 

that removal of rerbage was largely cc:rlfined to the tips of leaves. 

WilkinSc:rl et ala (1970) and Stobbs (19730. b) have shown that the 

upper layers of grass swards usual 1 v have a higher CP cc:rltent and 

digestibility t~~ the basal lavers. Samples collected during this 

study were clipped to ground level in most instances (see 5.4.) a~d 

therefore trese results are' average' values. Weir and Torre 1 

( 1959) • Van Dvne and Headv (1965) and Fourie et a1. (1986) 

denonstrated cc:rlvincingly. through the use of oesophageal 1 y 

fistulated animals. that samples clipped to ground level (including 

all soecies in the sample area) had a lower CP Cc:rltent and higrer 

fibre than the material collected via the fistula. Furthermore. 

wi thout replicatic:rl of treatments. c:rll v trends can be cc:rlsidered. 

rut cc:rlsistencv across the sites lends some degree of credence to 

trese trends. 

8.5.1. SeaSc:rlalitv 

Seasonal differences in the nutritional status of African 

grasslands have been reparted bv many researcrers (D..J Toit.t a1. 

1940. Plowes 1957. Sinclair 1975. Afolavan and Fafunsho 1978. 

Seotcher 1982. Toisma et al. 1987). Indeed. the decline in sward 

qual i tv during the non-growing seaSc:rl forms the basis for the 

trad~tional separation of grazing lands in southern Africa into 

"sweetveld" and "sourveld" (Tainton 1981). Both experience a 

decline in quality in the dormant seaSc:rl. but in sweetveld it is 

not significant and therefore grazing is possible throughout the 

year. In soJrveld the decline in quality is marked. such that 

domestic animals experience weight loss during the dormant seaSc:rl 

if supplementary feeds are not provided. Otrer differentiating 

characteristics of sweetveld and sourveld are summarized by Tainton 

(1981) . 
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8.5.1.1. Crude protein 

In sourveld. CP is highest during the growing season (which differs 

between climatic regicns). Peaks are usually attained early in the 

season with the cnset of rain. with a steady decline thereafter 

until the lowest values are reached in late winter (Scotcher 1982. 

Everson 1985). This was the case at MGR with peak values for grass 

phytomass in unb.Jrnt swards recorded in Ck:tober/I\bvember (maxinum 

6.22 I. and 4.43 I. at the T. leucothrix - L. simplex and C. validus 

D. natalensis sites. resoectively); and lowest values in 

July/August (mininum of 3.38 I. and 2.34 I. at the T. leucothrix - L. 

simplex and C. validus - D. natalensis sites. resoectively). 

8.5.1.2. Digestibilitv 

Digestibility has not been cne of the standard herbage-quality 

analyses in southern Africa (Bransby 1981). and therefore. 

comoarative data for the subregicn are lacking. It is knOW"l that 

the digestibility of tropical soecies is less than that of 

temperate soecies [average of 13 I. less (Corbett 1978)] in resOCl"l5e 

to the gross differences in macro-climatic variables. Temperature 

is the most imoor-tant of these, there being a drop of 0,6 - 1.0 /. 

in digestibi li ty per 10 C increase in growth temperature (t· 

Mannetje 1984). Hence. there should be no reason to doubt that 

digestibility experiences seasonal fluctuaticns. Furthermore. as 

digestibility is improved with higher N and other minerals in low 

ouality herbage (Ellis et ala 1984) • it is presumed that 

digestibili tv w::lUld follow the seasonal trends in CP and minerals 

(see 8.5.1.3.). 

t-bwever. examinaticn of the resul ts from both the unb.Jrnt plots and 

the seccnd year from the b.Jrnt plots (unaffected by fire), 

indicates that there was very little change in digestibility 

throughout the veal"". Differences between the maxinum and minimum 
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values were rarely in excess of 10 I.. Peak values (25 - 28 I.) were 

attained in spring (September/October). tut the timing of the 

lowest values (10 19 I.) was variable. falling between February 

and May. Bransbv (1981) cautioned against placing too great an 

interpretative value on small changes in digestibility of less than 

5 I.. In light of tt-e small differences between the peak and lONeSt 

values it would probabl v be unwise to generalize about seascnal 

trends here. 

In contrast to the results of Stanlev-Price (1977) and others. 

there was no oositive correlation between digestibility and CP in 

the unournt plots. \-Ic)v..ever. the consistency of a positive 

correlation between these two has been questioned bv the results of 

D..Jgmore et a 1 • ( 1986 ) wh:lm measured a sign i f ican t nega ti ve 

relationship between CP and digestibility of Pennisetum 

c 1 andes tinu.rn. 

8.5.1.3. Minerals 

There was no uniform respcnse in the concentrations of the various 

minerals to time of year. Most exhibited an increase in spring over 

the levels of late winter. This increase was only slight in 

magnituoe and not maintained in ~g and Ca. In contrast. P and K 

displaved ~istinct seasonal differences. being highest in spring 

and ~~r and 10NeSt in winter. This is in agreement with the 

results of Ow Toit .t &1. (1940} and Scotcner (1982). although the 

degree of tne seascnal contrast differed between regions. I'1::Dowell 

et a1. (1984) noted a decrease in the concentration of minerals 

during the dry seascn. but they did not cite SD.?_ific elements. 

Contrary to exoectation. manifestation of mineral deficiencv 

svmp~oms in domestic herbivores is more prevalent during the wet 

seasCTl WcDowell et al. 1994). This is asc,ibed to the increased 

demand OuE to the rapid rate of growth of herbivores during this 
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pe~iod (whilst energy and protein availability a~e at thei~ 

highest), rather than ~educed concent~ations of minerals in the 

foliage. 

8.5.2. Effects of fire 

There are n~~rous publications regarding the effects of fire on 

the nutrient status of both vegetation and soils (SUlTVTlarized by 

Schirge and Penderis 1978. and Booysen and Tainton 1984). Many of 

the studies present contradictory evidence which is probably partly 

resPOnsible for the great deal of research attention this topic has 

receiVed. The majority of the literature does, h:wever, indicate 

that fire enhances the concentration of nutrients in grasses (eg 

Tainton and Mentis 1984). I-bwever. this enhancement is maintained 

for differing lengths of time according to vegetation type and 

nutrient investigated. Various auth:lrs proposed that these 

increases. h:wever sh:lrt-l i ved • were a consequence of the 

solubilization of the ash resulting from the fire, with the 

exception of N and S that were volatilized (Daubenmire 1968). 

Complementary studies investigating the effects of fire on soil 

nutrient levels seem to indicate that the increased nutrient 

concentrations in the vegetation are also a resul t of the 

miner--alization of soil nutrients. especially N and P (Kellman et 

al. 1985. BrCW"'l and Mitchell 1986. Stock and Lewis 1986). This 

increases their availability to plants. 

8.5.2.1. Crude protein 

In this studY. the CP of the burnt plots was approximately three 

times greater than that of the control plot in the first sample 

after the ." I~re. It then declined steadily. attaining values 

comoarable to those of the control plots 5 - 6 months after the 

fire. These results are comoarable to those of other sour~eld 

reaions. Peak values recorded by Scotcher (1982) and EverSOi (1985) 
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in the saurveld ~egions of the D~akensbe~g following a fi~e we~e 

slightly lowe~ than those ~eco~ded at I"ER. b..tt ~eductien to p~e­

f i ~e 1 eve 1 s was ~eact-ed in the same time span. 

8.5.2.2. Digestibility 

Published wo~k on the influence of fi~e on digestibility levels 

seems to be sca~ce. t-b.Ieve~. it is well knOW1 that digestibility 

dec~eases with plant matu~atien (Hea~d 1980. B~ansby 1981. Leng 

1984). and hence it can be expected that digestibility of food 

taken f~om a ~ecently b..tmt swa~d would be high. This was evident 

in the ~esults above. Digestibility was app~oximately double that 

measu~ed in the unb..tmt plotfo~ 2 - 3 rrcnths afte~ the fire. 

The~eafte~ it declined. and was comoa~able to the unb..tmt sward by 

Decembe~/Januarv. 

8.5.2.3. Mine~als 

The~e a~e few data on the effects of g~azing en mine~al 

cencent~atiens f~om comoa~able vegetatien types. except for trose 

of . 5cotche~ (1982). He ~eco~ded a def ini te inc~ease in P and K. and 

lesse~ inc~ements in I"q and Ca following a fi~e ~elative to unb..tmt 

plots. The peak in I"q was the least sustained (2 3 rrcnths). 

followed bv P (4 - 5 rrcnths) while the longest was K (7 8 

rrcnthsl. Calcium ~esPCnded va~iably in the diffe~ent plots. In 

te~ms of magnitude and du~atien of the enhanced mine~al 

concent~ations following a fi~e the ~esults ~eco~ded at MGR a~e 

verY simi 1 ar to those of 5cotcher (1982). The stirrul atien of M:;I 

and Ca levels we~e the least in magnitude and du~aticn (2 3 

rrcnths for M:;J: Ca was va~iable). 5tirrulatien of K and P 

concentratiens was g~eater and was evident over a lenge~ pe~iod: 

3 - 5 rrcnths fo~ K. and 4 - 6 rrcnths for P. 



8.5.3. Effects of g~azing 

Resoonses induced in the nut~ient Quality of vegetation to g~azing 

a~e usually simila~ to tt-ose induced by bu~ing. Consequently, it 

appea~s that plants ~esoond to defoliation per sa and the manne~ of 

defoliation is less impo~tant. al thcugh it may effect the magnitude 

of the ~esoonse. Fo~ example, stilTUlation of CP content occu~s 

unde~ t:x:Jth bu~ing and mowing treatments. but is g~eate~ unde~ 

bu~ing (Tainton et ala 1977). This trUst be a consequence of the 

inc~eased availability of mine~als fo~ ~eg~owth unde~ the bu~ 

t~eatment th~ough solubilization and mine~alization as mentioned­

above. Neve~theless. the simila~ity of t~ends se~es to suggest 

that the majo~ effects of defoliation a~e a ~esult of p~omoting 

~eg~owth of young tissues unde~going active cell division. 

Unfo~tunately. but unde~standablv, many of the investigations into 

the effects of g~azing on nut~ient content have silTUlated g~azing 

via clipping o~ mowing. Such an approach will, the~efo~e, not 

detect effects of saliva (Rea~don et ala 1972. 1974). Fu~the~mo~e. 

clipping and mowing expe~iments a~e usually confined to individual 

species. Detection of di ffe~ences attributable to g~azing in 

natu~al g~assland, whe~e the~e a~e seve~al species. may simply be a 

consequence of changes in species composition in g~azed a~eas 

~elative to ung~azed a~eas: and that the di ffe~ent species may be 

inhe~ently highe~ o~ lowe~ in ce~tain nut~ients. 

8.5.3.1. C~de p~otein 

At t:x:Jth sites CP levels we~e highe~ in the g~azed plot ~elative to 

the u"'lgraze:::l plot. The satre effect of g:--c3.zing was ~eco:-ded by 

t-l.lsband and Taylo~ (1932). Robe~ts and Dppe~man (1966) and Fourie 

et ala (1987). In the last study ~esults we~e not consistent, but 

there we~e indications that as the stocking ~ate inc~eased so did 

the concent~ation of CP in ingested herbage. They suggested that it 

was a consequence of inc~eased consumption of sh~bs (Grewia flava) 
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under higher stocking rates. 

8.5.3.2. Digestibility 

Leng (1984) suggested that a means of maintaining a high intake by 

cattle would be to maximize digestibility by increasing stocking 

rates to sufficient levels that the sward was kept in a Yo.Jf1g, 

vegetative state. This implies that sward digestibility is improved 

under grazing. This is consistent with the earlier statement about 

defoliation simply promoting regrowth which is characterized by 

higher nutrient concentrations and digestibility. f-b.ever, no 

differences in digestibility were evident between the grazed and 

ungrazed treatments during this study. 

8.5.3.3. Minerals 

Less investigation of the effects of grazing on the concentration 

of various minerals has been made. Lhdersander and Naylor (1987) 

reoorted that concentrations of P and K were lowered with increased 

clipping 

I"k;l were 

resul ted 

Opperman 

as did 

frequency of Agropyron elongatum. The resul ts for Ca and 

opposite, indicating that increasing clipping frequency 

in higher concentrations. In contrast, Roberts and 

(1966) found that P levels were increased with clipping, 

l-ienr-ici (1935) for a shrub (Phymaspenrum parvifolium). 

Resul ts at M2R were not consistent between sites, and wi tt-aJt 

replication are of doubtful validity. At the T. leucothrix L. 

simplex site Ca was lower in the grazed plot than the ungrazed 

plot, but 5 was greater. At the C. validus - D. natalensis site Mg 

was lower in tho.> grazed plot and K was higher. 

8.5.4. Herbivore reauirements 

FrD'Tl the above it is evident that anal ytical resul ts pertaining to 

the Qualitv of her-baoe available to nerbivores must be accD'Tloanied 

bv detcils: :of: seasm of sample collection. age of sample and. if 
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possible. defoliation regimes implied by stocking rates. Consistent 

wi th the resul ts from other SD..Jrveld regic:ns it is possible to 

state that the Quality of food available to herbivores at MGR is 

highest in spring and early summer, thereafter declining to its 

lowes~ in winter. 

In assessing herbivore requirements there appears to be some 

inconsistencv in the literature concenning the minimum levels 

required. Al tt-ough CP has been sh:lw1 to be deficient in many 

regions. the maintenance requirement proposed by various auth:lrs is 

very different. ranging from 4 - 9 I.. This probably results from 

non-specificatic:n of the animal species cc:ncenned. Sinclair (1974) 

stated that 5 I. is the IOCISt COTYl'D"lly used limit. and rence it will 

be employed here. Table 8.1. summarizes herbivore requirements for 

a varietv of nutrients. 

Table 8.1. Nutrient requirements of herbivores (a - antelope. c 
cattle) 

I\lJTRIENT 

Ca 

K 

p 

5 

RE(]J I REI"ENT (I.) FCR 
mI NTENCN:E & GRO;JTH 

5,0 a 
8,0 c 
6.6 c 

5.5 - 9.0 
4.0 - 8.0 

7.0 . 
5,0 a 

0.14 
0.25 c 
0.20 

0.34 
0.10 c 
0.07 

0.10 c 
0.07 

0.20 c 
0.20 c 
0,20 
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Bransby (1981) 
It . .. 

O' Reagain & Mentis (1988) 
Ste 1 fox and I-UdSOi (1986) 

Sincla~r (1974) 
EverSOi (1985) 
(W:n-Smi th & !\bve 11 ie (1982 ) 

Du Toit et al. (1940) 
Dver (1969) 
Bransby (1981) 

Du Toit et al. (1940) 
Dyer (1969) 
Bra,'"lsby (1981) 

Dver (1969) 
Bransby (1981) 

Siegmund et al. (1961) 
Dyer (1969) 
Bransby (1981) 

Dver (1969) 



From Table B.l. and the results from this study it is evident that 

the OIlv nutrients that may be limiting to herbivores at /"ffi are CP 

and P. This is a common feature of southern African grasslands, and 

deficiencies of the other measured minerals are rare (Du Toit et 

a1. 1940. Bransbv 1981. Kreulen and Jager 1984). The CP cOltent of 

clipped samples is approximately 67,6 ~ 3,52 I. (n = 13) of that 

measured in fistula samples [determined as the mean difference of 

the original values recorded in the studies by Weir and Torre I 

( 1959) • van Dyne and Heady (1965). Pratchett et a1. (1977) and 

Fourie et al. (l986)J. After comoensatiOl of the winter values 

recorded at /"ffi bv this figure. the CP levels remain strOlgl y 

limiting in the C. validus - D. nata1ensis areas and marginally so 

in the T. leucothrix - L. simplex areas. If a minimum requirement 

for maintenance of greater than 5 I. was accepted then the severity 

of the CP shortage would be even greater. This winter shortage was 

well correlated with the observed decrease in fat reserves measured 

bv both kidney-fat and bc::ne-marrow indices (c. Shackleton in 

prep.) . 

The shortage of P was not related to seaSOl. It was belQl.\,i 

maintenance requirements throughout the year except after a fire. 

That some animals exoerience this deficiency was cOlfirmed by the 

observatiOl of oestophagia by domestic herbivores just outside the 

oerimeter of the reserve (Plate B.l.). 

Other deficiencies were suggested after observatiOl of gemsbuck 

licking soil 01 two occasiOls. Such benaviour is often a sign of a 

mineral deficiency (Kreulen and Jager 1984). /"bst CO'TYTlCTllv. soil 

licking is attributed to a deficiency of Na. f-b..ever. the proximity 

of the sea detracts from its likelihood in this case. 
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Plate 8.1. Osteophagia by domestic herbivores outside MGR 

Sinclair (1974 ) demonstrated that the dry season level of CP was a 

factor 

Mentis 

limiting buffalo populations in east Afri ca. Similarly. 

(1978 ) prooosed that low dietary Quality in winter. in 

conjunction with adverse climatic conditions. was responsible for 

limiting herbivore populations in the Natal Drakensberg. Thi~ has 

supoorted 

at 

by the work of Scotcrer (1982). As the herbivore 

I'13R have been on 1 y recentl y establ ist-ed it is populations 

difficult to predict. future trends in numbers. The similari.tv of 

the dOOlinant grasslands of I"ffi to tt-ose of the Natal Drakensberg 

(Ch. 4 ) . suggest the ooter.tial for the same rrec:hanisms to be i n 

ooeration at I'ffi. This implies that herbivore oopulations are, or 

will be. limited by the Qualitv of food available. Consequently, i f 

MGR management stil l abides by the initial objective for the 

reserve. i.e. to maximize a;,imal production. the use o f 

supplementarv f oods is recorrmended during the winter. 

Alternativelv. an earlier burn could be considered. 
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Wi'th respect to burning, it is important to ccnsider the improved 

quality in ccnjunc~icn with the reduced quantity immediately after 

a fire (Sec~. 5.4.). Combining both these factors indicates that 

nutrient stocks (absolute ancunts per uni t area) as oPposed to 

ccncentraticns (as percentages) are reduced (Table 8.2.). As the 

nutrient stocks are less. herbivores would have to foraqe over 

greater- ar-eas and for- lcnger- per-iods because of reduced biomass 

( Young a."1d Cor-bet t 1972). This wi 11. I"lo'Ever-, be overcCJl'lle to sore 

extent bv increased r-uminaticn time through ingesticn of high 

quali ty for-age (Taintc:n and Mentis 1984). Tt-us. the optimum 

combination of gr-azing quality and quantity exists in burnt 

grassland cnly 5 6 months after the fire. Peak levels of 

herbivory recorded during this study occurred, generally, several 

-2 
Table 8.2. I\lJtr-ient stocks (g m ) and concentraticns of grass 

Davs 
after 
fire 

19 

40 

68 

89 

117 

144 

178 

208 

236 

phytomass in recently burnt qrassland at the C. v&lidus 
- D. natalensis site (data f6r the grazed plot) 

NJTRIENT 
N P K 5 Ca f"q 

stock I. stock I. stock I. stock I. stock I. stock I. 

0.03 0.89 0.07 0.03 0,93 0,07 0.08 

0.42 !..:..§!1 0.03 0,12 0.44 1,95 0,04 0.18 0.08 0.33 0,05 0.22 

0.62 1.5.3 0,04 0.09 0.65 1.59 0.09 0,21 0.17 0,43 O,eR () ?<: -,--

0.82 '1 ~1 0.05 0.07 0,96 1,43 0,12 0.17 0,28 0,41 0,16 0,23 .J.,.,.l-4.-

1.31 1,32 0,08 0,08 1.31 1.32 0,19 0,19 0,37 0,37 0,25 0,25 

1.25 0.95 0.09 0.07 1,80 1.36 0,20 0.15 0,41 0.31 0,26 0.20 

2,15 0.86 0,13 0.05 3,23 1,29 0,35 0,14 0,78 0,31 0,41 0,16 

1.81 0.77 0.09 0.04 2.83 1,20 0,35 0,15 0.77 0,33 0,39 0,17 

1.20 0.61 0.08 0,04 2,17 1,11 0.25 0.13 0,54 0.27 0,31 0,16 

* Underlined values are the peak values after the fire. 
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rocrlths after the fire (Sect. 8.4.). which supports the above 

contention. Ccnsequentl y it is reccmrended that the rum pragranme 

is staggered so as to provide swards of different ages, which 

attain their optimum combination of quality and quantity several 

weeks aoart. 

8.6. ~y 

1. The grasslands of r-m are deficient in CP and p. the degree of 

which deoends on season and age of the sward after ruming. 

2. Forage qualitv is highest in spring and summer in unbunnt 

swards. and is improved by running. 

3. The enhancement of nutrient levels by running lasts only for a 

few months. 

4. During winter nutrient Quality is lowest. and the most severe 

shortages are manifest in July and A.Jgust. 
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~YIN3 ~ITY 

9.1. OBJECTIVE 

The objective of this section was to partially synthesize results 

fron the preceding chapters for the determination of the herbivore 

stocking rate for MGR. 

9.2. Ov£RVIEW PI\[) RATI~ 

The determination of the carrying capacity (DC) of natural areas 

for wild herbivores remains an elusive goal for the wildlife 

manager and researcher. Part of the problem stems fra~ the use of 

the same term to describe two very di fferent situations dependent 

uoc:n management objectives. Ch the one hand "carrying capacity" has 

been used to describe the density of animals for maximum 

sustainable yield; and on the other hand, it has been applied to 

the density of animals that a given area may 

effecting long-term (detrimental) changes in the 

environment. i.e. the density at which there is 

sustain witl-out 

between 

depend. 

the 

The 

animal species and the resD..lrces upon 

first is of importance to the manager 

vegetation and 

an equilibrium 

which it/they 

interested in 

econonic retums, whilst the latter is of relevance to the manager 

of classical conservation areas where the goal is to maintain the 

environment and ecosystem in its . natural state' (if such a state 

exists). Caughlev (1976) proposed that the former be referred to as 

"econonic carrying capacity" and the latter as "ecological carrying 

capaci ty" as a means of distinguishing the aims of different 

management po~icies. These terms have been successfully adopted in 

the subsequent li terature. 

As implicated by Caughley's (1976) differentiation between econonic 

DC and ecological DC, the management objectives for an area are of 

pr~me importance in determination of tre desired stocking rate. 
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This applies to all forms of possible management ranging from 

standard commercial pastoralism, through subsistence pastoralism to 

game ranching and censervatien (Mentis 1978, 1984). Carrying 

capacitv is further dependent upon several properties of each 

specific management unit. These include; (i) the types and ratios 

of the herbivore species stocked, (ii) the net primary productien. 

(iii) the prooortien of the net primary productien that is edible 

to the species stocked, (iv) topography and (v) veld cenditien 

(Edwards and Coetzee 1971. Mentis 1976). The last, in turn, depends 

en manv factors; including soil type, past and present land use, 

and floristic comPOSitien, all of which are interrelated. The 

interrelatienships between these variables, and the fact that some 

of tt-em are censtantl y changing leads to the resul t that the CC of 

a oarticular area is never constant (Sinclair 1981, Emslie 1985, 

Hardv and Mentis 1986). This tends to make the quanti f icatien of a 

static DC a rather meaningless pursuit. It would be better to allow 

svstems to attain their 'own' equilibrium. Alternatively enly broad 

boundaries of animals numbers should be proposed, rather tha.'1 ene 

figure. The first optien is not always viable due to the artificial 

nature of many censervatien areas (Hanks et al. 1981, CWen-Smith 

1983) • al thcugh the dire censequences often predicted under such 

circumstances are rarely manifested (Caughley 1981). 

Currently, the view is held that the low soil fertility of many 

African rangelands in combinatien with several other factors 

(selective grazing strategies, migratien to 'follow' a seouence of 

SEasct'ia 11 y chang ing food abundance, in f 1 uence of fire en both the 

vegetatien and grazing dynamics of herbivores) serve to lo..er the 

ecological CC of areas dominated by wild herbivores relative to 

areas under domes tic herbi vores ( Be 11 1982, Sc:otc her 1982. ROE­

Rowe and Sc:otcher- 1986). This was evident from the survev by Mentis 

and Duke (1976) which indicated that areas under- wild herbivores 
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exhibited evidence of "overgrazing" and deterioration of grasslands 

when stocked at the recommended agricultural rate. Generally, 

evidence of degradation was noted at stocking rates well belON tre 

agricultural stocking rate. This led Mentis and Duke (1976) and 

Mentis (1977) to propose that stocking rates for wild rerbivores 

should be at least half of. if not lower than. those for domestic 

herbivores. This is hardly surprising, bearing in mind that tre 

agricultural stocking rates are recommended for cattle (bulk 

grazers) based on a well managed system of prime veld, rotational 

grazing, and supplementary feed during winter and autUlTn. Ems 1 ie 

(1985) added that as tre recommended agricultural stocking rates 

are conservative. and that farmers stock to maximize yield and not 

the number of animals oer unit area, tre ecological a:: for cattle 

was higrer than tre recommended stocking rate. Hence tre ecological 

a:: for wild herbivores VClUld certainly be less then tre 50 'l. 

reduction oroposed by Mentis and Duke (1976). Recently Rowe-Rowe 

and 5cotcrer (1986) suggested that tre ecological a:: of tre Natal 

Drakensberg for wild rerbivores was approximately ten times lower 

than the recommended agricultural stocking rate of 1 AU oer 5,0 ha. 

Similarly. Shackleton (1984) recorded that tre stocking rate at 

I'b.lnt Sheba Nature Reserve (I''brth-eastem I"b.Jntain 5curveld) was 

also aoproximately 10 I. of the recommended agricultural stocking 

rate (it was an open system with relatively free access in and out 

of the reserve). This estimate is in agreement with that of Sharkey 

(1970) wh:l concluded from a review of the ecological a:: of various 

regions around tre world that the ecological a:: for domestic 

he:-bivo:-es was iii the regicn of ten times greater tt-.a.. that of wild 

herbivores. He suggested that this was so because of tre greater 

natural aid induced soil fertility. and high yielding plant species 

that characterize domestic systems. 

The stated aims of MGR werE to deal in game oroducts (Sect. 2.8.3.) 
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and hence it was imoor-tant to deter-mine the econanic CC. However-. 

cur-r-ent. D.Jt unwr-i tten. management 001 icy apoear-s to be concerned 

mor-e w~ th the ecological CC. As the econanic CC is always less than 

the ecological DC (Caughley 1976. Mentis 1984, Thcmpsc:n 1986) 

deter-mination of the ecological DC for- I'13R sets an upper- limit to 

the total density of her-bivor-es that ar-e desir-able in the r-eser-ve. 

Fr-an her-eon DC r-efer-s to the ecological DC unless other-wise stated. 

9 .3 • !'£TI-{]DS 

The calculation of DC has never- been accur-ately deter-mined fr-om 

empir-ical data in Afr-ica. Corsequently. sever-al methods have been 

attempted to appr-oximate it. Five methods wer-e used her-e, each a 

supposed r-ef inement of the pr-eceding one, and the r-esul ts canpar-ed. 

Pr-esent her-bivor-e number-s r-efer- to the figur-es fr-om the last census 

(Q:tober- 1986) unless stated other-wise. All census figur-es ar-e fr-an 

aer-ial counts as a mean of thr-ee counts and/or- obser-ver-s (P. Ruddle 

per-s. cc:mn.) • Her-bi vor-e number-s wer-e conver-ted to AJ using 

Eouation 9.1. Her-e. an AJ was defined as the her-bivor-e bianass 

consuming ener-gy at the same r-ate as an aver-age steer- of 450 kg 

(Meissner- 1982) [Mentis and D..Jke (1976) used a value of 456 kg, and 

Rowe-Rowe and Scotcher- (1986) used a value of 455 kg]. This 

successfully accounted for- the higher- pr-ooor-tional ener-gy 

r-eauir-ements of smaller- her-bivor-es (Mentis 1977). 

0.75 
450 

soecies X = ~ ••• (Eq. 9.1.) 

Mean body mass 
of species X 

0.75 

In using AU ~ t was r-ecognized that it was an over-simp 1 if ication in 

that it neglects the fact that smaller- her-bivor-es r-equir-e food of 

higher- ouality, which is gener-allv scar-ceo especially in SOJr-veld 

r-egions (Ment~s 1977). rt is ther-efore incor-rect to eauate the 
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impact of 4,84 blesbok to that of one stee~ in acco~dance with 

Eouation 9.1., although it is the best app~oximation p~esently 

available. 

Mean bc:x:Iv masses we~e taken f~am Mentis and D.Jke (1976) which we~e 

de~ived f~om a ~ep~esentative sample including both males and 

fema 1 es • as we 11 as sub-adu 1 ts . 

Mettud 1. This employed the ~ecc::mrended stocking ~ate fo~ the I'm 

~egion (Mentis and D.Jke 1976). The a~ea available was co~~ected fo~ 

the non-utilizable a~eas of the ~eserve (fo~ests, ~ocky a~eas, 

wetlands. and tOJ~ist camps) in the manne~ of G~oble~ and Jones 

(1980). The cont~ib...ltion of these a~eas to the total of the ~eserve 

was dete~mined f~am MaDS 1 - 3 using a digital planimete~. 

Mettud 2. Using the data f~om chapte~s 5 and 6 the primary 

p~oduction was calculated. In acco~dance with the cc:mrunity 

app~oach to this study, ANP was calculated with data fo~ the swa~d 

as a whole. afte~ summing the data fo~ the individual key species. 

The mettud adopted was the surrvnation of inc~ements in phytamass 

with no statistical const~aints. Inc~ements in the nec~omass and 

litter- ccxnpcner.ts vere also SLJ..'m'e'd if theV OCCU~fed conconita..tl'y 

wi th inc~ements in the phytomass camoonen't. Thus, plant senescence 

and litte~fall we~e accounted fo~. Losses th~OJgh decamoosition at 

each time inte~val we~e also included using Equation 9.2. (Smith 

1985) • 

D = Lp + Lt . ~t 
2 

Eq. 9.2. 

whe~e: Lp is the mass of litte~ at the sta~t of the time 
interval 

Lt is the mass of litte~ at the end of the time inte~val 
~ is the instantaneD..Js ~ate of decomoosi tlon 
t is the length of the time in'terval (davs) 
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Th? mean decanoosi tiCTI rate (r) at all sites was calculated as the 

average LB rate measured for all the key species and species groups 

(see Ch. 7). Peak-trough analysis was also attempted and yielded 

marginally lc:wer estimates of pt..p in the first year after the b.Jrn 

and marked I y lc:wer estimates in the 5eCCTld year after the b.Jrn at 

both sites. Transloc:atiCTIs to and fran the ESC were not included in 

any of the calculatiCTIs. 

The daily intake requirements of the various herbivore species were 

determined fran the literature. The annual grassland productiCTI was 

then divided by the yearly requirements to determine the number of 

~ that could be maintained. This was adjusted by the standard 

"carrv over" of a certain proportiCTI of the productivity for the 

subseQuen t years growth (Edwards and Coetzee 1971, Heady 1975). 

Meth::d 3. This cCTIsidered the cCTItrib.JtiCTI of CTlI y the palatable 

species to the total available. However, it was illustrated in 

chapters 7 and 8 that palatability of individual species varied 

throughout the year. Hence the total [)I...R cCTItributiCTI (I.) of all 

the preferred species was taken fron Table 7.3. and Table 7.6. for 

th? T. leu.c::othr-i)( - L. simple)( and the C. validus - D. n&ta1 ensis 

cc:::mrunities. respectively. The proportion of palatable species in 

the remaining grassland communities was assumed to be the average 

of these two cc::mruni ties. The degree to which the proportion in the 

other communities deviated fran this assumed value was not of great 

importance because of their relativelv small areas. This approach 

was used by Conlong (1986), b.Jt his determination of which species 

were palatable and which not was subjective and not based on 

empirical observatiCTIs. 

Meth:x:l 4. This was based calculation of the absolute aJr(Ll,.,ts of 

nutrients determined as limited using the data of total ASC (Ch. 5) 
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and nutrient levels (Ch. 8). From these. annual producticn of CP 

and P was determined. in tre same manner as method 2 for ASC, and 

weighed against daily requirements of rerbivores. 

!"'Ie!thod 5. I"bst of tre above approaches ccnsidered mean values for-

tre year and neglected the periods of high and low availability of 

resources (dry matter, CP, etc.) dur-ing tre year. This approach 

quan ti f ied the . store' of resaJrces at the end of the growing 

seaSO"1 and attempted to determine wretrer or not it was sufficient 

to supply tre needs of rerbivores during tre ncn-growing season, 

during which time it was assumed trere was no replacement. 

9.4. RESLL TS & DISCUSS I c:JIJ 

9.4.1. Herbivore numbers 

Tre present number of rerbivores and Pl.J of each soecies is provided 

in Table 9.1. Changes in tre total number of AU. and individual 

species over tre oast six years are given in Table 9.2. and Figure 

9.1 •• respectively. 

Table 9.1. Present rerbivore numbers at MGR 

I-£RBI~ N...MEER ~ N...MEERI Pl.J AU 
SPECIES (kg) EQ.JIVPLENTS 

Blesbok 700* 55 4,84 144.6 
Blue Wildebeest 290 182 1.97 147,2 
Eland 186 385 1.12 166,1 
Red Hartebeest 140 182 1,97 71.1 
Burcrell's Zebra 98# 216 1. 73 56.6 
Impala ~ 41 6.03 13,3 
Springbok 28 8.03 7.5 
Gemsbok 40 160 2,17 18,4 
Mountain Zebra 40 221 1. 70 23,5 

Total 1 634 'ZCf 738 648,3 

* EShmate as m~dPO~nt between the last: tlllO censuses. as the 
O::tober- 1986 count of blesbok did not include young, and the 
previD...ls count was an estimate. 

# These figures ar-e most certainly overestimates at the time of 
wr-iting. 
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Table 9.2. Total animal numbers since 1982 

DATE 5/82 

TOTPL N...ME3ER 1 573 

{:NI~ LNITS 615 

3/84 

1 590 

10/84 

1 440 

590 

3/85 

1 670 

665 

* Total number of 6lesook was OIly an eshmate 

800 
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VI 
0:: 
U.J 
en 
1: 
::::> z 

U.J 400 0:: 
0 
> 
co 
0:: 
U.J 
:I: 

200 

11/85 10/86 

1 829* 1 634 

721 648 

Impala ___ -x- _ 
x-- - -- -~--~ 

Gemsbucl< __ -L-_ ---- -....-- _ _~_ _ ....l( --- --x Springbuck 

1982 1983 1984 1985 1986 

Figure 9.1. Changes in herbivore populatic:ns since 1982 

Fron the above it is evident that herbivore numbers remained 

relatively cc:nsta"t between 1982 and 1986 (if the f\bvembe, 1985 

count is ignored because of the inaccurate count of blesbok which 
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wer-e the ITClSt nun-er-ous in the r-eserve). The minirrum and maxirrum 

figur-es differ-ed by only 16 %. Figur-e 9.1. indicates that the 

number-s of impala, mountain zebr-a and gemsbok r-emained steady or-

declined. suggesting that they wer-e ill adapted for- this r-egion. 

Decline in these species has been balanced by incr-ements in the 

number- of blesbok, eland and ElJr-chell's zebr-a. It was notewor-thy 

-2 
that the mean density of eland (3,13 km - calculated on the basis 

of gr-azable ar-ea plus a~ea of indigenous fo~est) was the thi~d 

highest in Af~ica [compared to the data reviewed by Scotcher (1982) 

Table 4.4.6J and the calving percentage is still high (pers. obs.). 

9.4.2. Car-rying capacity 

Method 1. Agricultural stocking rate 

The recommended stocking rate for wild ungulates in this region 

(extrapolated from Natal) is 5 - 6 ha/AU (I'1entis and wke 1976). A 

mean figure of 5.5 ha/AU was used in the subsequent calculations. 

Presumption that the total ar-ea (7 720 hal was available to 

herbivores resulted in a recommended a: of 1 403,6 AU. The a:: 

calculated by Chapman (1980), Ruddle (1984) and Jooste et al. 

(1985) was slightly higher because their estimates were based on 

the area of tre reserve being 8 000 ha and a recommended stocking 

rate of 4 5 ha/AU. 0' Dcnovan (undated) used a recc:mnended 

stocking r-ate of 1,7 ha/AU which effectively increased the proposed 

CC to 4 705 AU. Howeve~. he did not sh:J.N the de~ivation of such a 

high stocking ~ate, no~ provided a reference. Hence, this estimate 

nust be conside~ed a."1oma.lous. 

Comoa~ison of this calculated figu~e with the present numbe~ of AU 

leads to the conclusion that I'm is unde~stocked. This conclusion 

was sha~ed bv authors of the p~evio.Js surveyS, al though the deg~ee 

of under-stocking var-ied in accordance with the estimates of total 
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area and stocking rate employed. However, calculation of CC in this 

manner has several drawbacks (which are rarely mentioned), some of 

which serve to reduce tre estimate and otrers that serve to 

increase it. 

(1) This calculation assumes that tre total area of tre reserve is 

available to rerbivores. This is clearly not realistic. as 

wetlands. campsites, forests, rock OJtcrops, etc. are not utilized 

by tre rerbivore cOllplement at I"ffi. Trerefore tre calculated CC 

should be reduced bv tre proportion of tre unavailable/ungrazable 

sites to tre total area. Grobler and Jones (1980) estimated that 

only 49 I. of tre Whovi Wild Area in MatopOS National Park was 

utilized by rerbivores. and after reduction of tre calculated CC to 

accOJnt for this. trere was a closer agreement between tre 

calculated CC and tre actual number of AU. Tre extent of these 

unavailable sites in MGR is presented in Table 9.3. 

Table 9.3. Extent of areas unavailable to rerbivores. 

SITE 

IndioenC1.ls forest 
Wetland 
ExlXlSE'd rock 
Exotic forests 
Accommodation areas 

Total 

~ (ha) 

558,1 
486,8 
271,2 
103.2 
30,7 

1457,0 

n-us. approximately 19 I. of ti-e reserve is unavailable to 

herbivores. Reduction of tre calculated CC by this figure resul ted 

in a recommended stocking rate of 1 140 AU. Despite this adjust~t 

it still appears that MGR is understocked, being at only 57 I. of 

tre calculated CC. 

(2) Wildlife areas are, of necessity. continuouslv grazed Systems. 

i.E. the grazing oeriod e><tends througl"o.Jt the year with no rest 
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period. Tre CC recc:mnended by Mentis and D...Ike (1976) takes this 

into acccunt. Nevertt-eless. trey cc:mnent that the conversion has 

1 imi tations. Tt-e statement later in their oaper to the effect that 

their figures were probably overestimates for sourveld regions 

because of the enforced continucus grazing system, is usually 

overlooked. This figure must therefore be viewed as an upper limit 

rather than a mid-point around which herbivore numbers may 

fluctuate. 

(3) Tre CC of wild herbivores was calculated by Mentis and D...Ike 

(1976) as the CC for dCJO"eStic stock over the grazing period of a 

oarticular vegetation type, extended to a continucus grazing 

system. Chce again, rrost researchers making use of the figures of 

Mentis and D...Ike (1976) failed to acknowledge that the CC for 

dCJO"eStic stock referred to a system under optimum conditions and 

management, althc::ugh it was clearly stated in their paper. However, 

wild herbivore systems are rarely managed along similar lines of 

optimum management. Recognition of this fact serves to emphasize 

that tre calculated CC using this approach must be regarded as a'l 

upper limi t. Indeed. Mentis and D...Ike (1976) conc luded that areas 

stocked according to the recommended rate invariably displayed 

signs of deterioratic:rl and that their figures srould be reduced. 

(4) Being an extrapol ation from the reccmnended stocking rate for-­

dCJO"eStic herbivores this estimate fails to account for the 

selective grazing strategies of wild rerbivores, relatively 

especially the smaller soecies. This selectivity has arisen as a 

consequence of the need to obtain food of adequate quality in 

relativelv poor quality grasslands. Thus, a large proportion of 

primary pr--oduction that is edible to cattle is inedible to wild 

herbi vores. Hence. CC determined in the above manner is an 

overestimate. 
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( 5) D.Je to tre preference of rerbi vores for bumt areas (Ro".,e-Rowe 

1982) tre inf luence of tre controlled buming pr-ogratTYTle serves to 

intr-oduce a rotational grazing system for certain times of tre 

year. Directly after a bum only 50 fa of tre reserve is utilized. 

tt-us. the reccmnended CC sh:Juld be halved during this period. If 

this is accepted. the:i the present numbers are slightly over the 

CC. 

(6) It has been suggested that estimates based on tre recD'lYTlEnded 

agr-icul tural stocking rates IT1...Ist be viewed as conservative (Emslie 

1985). This arises from two comment that (i) agriculturalists are 

usuall y conservative in order to reduce rescurce degradation and 

large economic losses during unpredictable large-sc:ale climatic 

fluctuations and. (ii) treir estimates are not based on system 

processes. B..tt as agricul tural estimates are orientated rrore 

towardS maxirrum sustainable yield ratrer than ECC. tt-ese pOints 

have little effect on calculation of CC. 

(7) Tre DC calculated in this manner is an extrapOlation from that 

recommended for domestic herbivores under an agricultural 

management system. t...nder such situations tre objective is to 

maximize animal production which is general 1 V achieved at some 

level below the ce. By this reasoning. th~s method should result in 

all underestimate of tre CC for wild herbivores. 

Method 2. Productivity of tre MGR grasslands 

Aly determination of CC based on tre measurement of above-gro..md 

net primary oroducti vi tv ({:tIP) is reliant upcn tre method used to 

calculate ANP itself. Tre classic paper of Singh et al. (1975) 

discusses tre various methods available for tre calculation of ANP 

from harvest data. and the drawbacks associated with each. The 

nature of the data collected during the course of this study 

permi tted calcwlation of ANP using a."v of the aoproact-es reviewed 
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bv Singh et al. (1975). That adopted is o..Jtlined in section 9.3. 

Results are presented in Table 9.4. 

Table 9.4. Above-ground net primary production (~) 

CCM'1...f\J I TY TREATl'ENT SITE ~ CCM'1...NITY ~ 

-2 -1 6 -1 
(g m yr ) (10 kg yr - ) 

1st vr 2nd yr 1st vr 2nd yr 

T. leucothrix - Grazed 360,9 333,5 19,7 18.2 
L. simplex 

(5 460,2 hal 
Lhgrazed 436,4 138,8 23,8 7,6 

Control 344.4 197,5 18.8 10,7 

C. varidus - Grazed 446.5 429,1 2.4 2.3 
D. natalensis 

(533,7 hal 
Lhgrazed 430,1 566,0 2,3 3.0 

Control 256.6 796.7 1,4 4.3 

T. triandra - Control 658,1 1,4 
C. asiatica 

(217.7 hal 

It is possible to gain a rCLlgh estimate of the number of AU that 

can be supported in any given area after calculation of Pl\P 

(Edwards and Coetzee 1971, Ccnlong 1986). This is achieved by 

divisiorl of the total {:t\p in the reserve by the daily requirements 

of herbivores. Total Pl\P for the reserve was taken as the sum of 

that measured in the u."1grazed plots as troat sifTi...llates pt.p wi th:x...lt 

6 -1 
herbivores. This yielded a total Pl\P value of 27,5 x 10 kg yr 

woted figures of daily requirements for donestic . herbivores are 

variable. Edwards and Coetzee (1971) suggested a rCLlgh estimate of 

10 
-1 

kg day per AU whilst Ie RCLlX (1979) used a figure of 12.5 kg 

day -1 per AU. wtten..orth and Brandl (1900) calculated a basal 

metabolism figure of 
-1 

6,1 kg day per AU. According to Walker 

(pers. CcmT\.) the daily reauirement is approximate I v 9 I. of an 

animal' 5 metabOlic mass (which is the eauivalent to 8,8 
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per AU). CcnIO'lg (1986) used the figure of B..Jtterw:lrth and Brandl 

(1980) . I-bNever. as that refers to basal metabolism it is an 

underestimate of the reouirements under normal activities. 

Furthermore. it does not reflect the different requirements due to 

changing demands during pregnancy, lactatiO'l, or rutting. Intake 

requirements for basal metacolism during pregnancy and lactatiO'l 

are available tut the sex ratios of the herbivore species at M3R 

are unknOWl. Hence the figure of Edwards and Coetzee ( 1971 ) was 

opted for in subsequent calculatiO'ls [it is also approximately the 

mean between the estimates of Ie Roux (1979) and Walker]. 

Using the figure of Edwards and Coetzee (1971) it was calculated 

that the Yearly pt..p at M3R could sustain 7 534 AU. This was 6,6 

times greater than that calculated by the recommended agricultural 

stocking rate in method 1 above. However, as with method 1. this 

approach had several drawbacks. 

(1) Meissner (1982) quoted several references reporting that wild 

herbivores in subtropical regiO'ls ingest less fa::x:l material than 

domestic species of comparable size. Accepting this would imply 

that the resul t from this calculatiO'l. using requirements of 

domestic species. is an underestimate. 

(2) The final DC is highly dependent UPO'l which figure of daily 

requirements are accepted. Thus, if the figure of Butterworth and 

Brandl (1980) is used (as did CcnlO'lg 1986) the result ifO..lld be an 

underestimate as the daily requirement of 6,1 kg refers to basal 

rretabol ism enl y. f-b,.ever. the figure accepted here appears to be 

representative of those reviewed. and therefore, the calculated DC 

can be accepted as representative. 

(3) It ignores the compartmentalizatiO'l of the pt..p into phytc::mass. 

nec:romass a"d Ii tter. a"d therefore assumes that all tre {:4..p is 
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edible. Consequently. the calculated CC is an overestimate. This 

problem is sometimes ignored by researchers Ceg Conlong 1986) which 

may have severe management implications. If only phytomass is 

considered the ANP of the T. leucothrix - L. simplex, C. validus 

D. natalensis and T. triandra - C. asiatica communities is 

106 
x... • 1 6 106 

.L. x_ and 0,6 x 10
6 

kg 
-1 

yr , respectively. en 

basis. the number of PLJ that could be supported wculd be 4 384. 

13,8 

this 

(4) It ignores palatability of the constituent species, assuming 

that all the material is edible. i-blever, both physical and 

chemical characteristics act to deter ingestion of particular 

soec ies and thus they wi 11 be avoided by herbi vores . Consequen t 1 y , 

without correction for this. the figure calculated above is an 

overestimate. Metred 3 C below) takes cognizance of the proportion 

of palatable species. 

( 5) I t assumes a steady suppl y througt-oJt the year and therefore 

fail: to account for possible periods of short supply i.e. winter 

(see metred 5). Thus. this figure may again be considered an 

overestimate. 

(6) A prooortion of the ANP srould remain unutilized and carried 

over for the following season' s growth. If this is not done so. 

this figure should be considered as too great. Edwards and Coetzee 

(1971) stated that at least 25 'l. (if not more) of ANP must be left 

for this purpose. whilst Heady (1975) suggested a 50 'l. carry over 

was standard rangeland practice. As the grasslands of MGR appear to 

be very productive. the minirrum value of 25 'l. is suggested. This 

serves to reduce the a: to 3 2BB PLJ. 

Method 3. Contribution of oalatable soecies 

It is well knOW1 that rrost herbivores are selective at variD..ls 

scales (for areas. species and plant parts). This especiall y so for 
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the concentrate grazers that dominate the herbivore complement at 

MGR. Hence, calculations based on total ANP are invalid because not 

all of that ANP is acceptable, and as implied in the approach of 

Con 1 ong (1986) only palatable species should be considered if 

dealing with concentrate grazers. Cc:nsequently, the mean 

contribution of palatable species to tre total in M3R was 

determined and is provided in Table 9.5. The same rationale cannot 

be applied to bulk and roughage eaters which make some use of 

unpalatable species. 

Table 9.5. Mean contribution of palatable species throughout the 
study period 

Pf£A CCNTR I BJT I [J\j CF 
(ha) PALATABLE SPECIES 

('l. + SE) 

5 460.2 37,1 + 4.5 -T. leucothrix - L. simplex 

C. validus - D. natalensis 533.7 27,3 + 6.3 

Other grasslands 265.7 32.2 

These proportions may be applied to either the estimates of ANP or 

the areas for each cormunitv. In this way, the annual production of 

-1 palatable species in the three cc::mruni ties IIO..Jld be 8,8 kg yr in 

-1 
the T. leuccthrix L. simplRx community, 0,6 kg r in the ~. 

validus D. natalensis cc::mrunity and 0.5 kg 
-1 yr in the T. 

triandra C. asiatica community. This translated into an estimated 

DC of 2 750 AU. Accepting the principle of a 25 'l. carryover results 

in a reduction of this figure to 2 063 AU. 

It is possible to use these proportions to determine the area of a 

"mythical reserve" of which all the species of the constituent 

grasslands were edible (Conlong 1986). This is provided by the sum 

of the products of the second and third columns (as a proportion) 

. ~ . 
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in Table 9.5. This resulted in a figure of 2 257.0 ha. If stocked 

at the recc:mnended rate of 5,5 ha/~ (Mentis and Duke 1976) the 

recc::mrended CC w:uld be 410 ~. 

As with the previous methods inaccuracies can be identified in this 

approach due to several factors. 

(1) This approach was based on empirical observatic:ns of which 

species were preferred and which were not. f-b...ever, other species 

were grazed even if they were not preferred. Reascns for this were 

provided in chapter 8. Thus. this estimate sh::uld be considered as 

an underestimate. 

(2) The observatic:ns of what was and was not eaten wo.Jld be 

influenced by the present stocking rate and herbivore complement of 

the reserve. If the reserve is understocked, herbivores may not be 

utilizing soecies of marginal. but acceptable, palatability because 

of a relative abundance of highly palatable species. However, if 

the reserve is overstocked, herbivores may well be utilizing 

unpalatable species in an attempt to ingest sufficient food. 

(3) The palatabilitv rating of any particular species may 

This was indeed the case (see ch. 7). This is overleoked 

auth:lrs (eq Ccnlc:ng (1986). However, this may be negated 

change. 

by some 

to some 

extent through empirical observation of what is and what is not 

selected - as attempted here. B...tt the inclusic:n of intermi ttentl y 

palatable soecies resul ts in the estimate of CC being teo great. 

(4) The palatability status of individual species may be influenced 

bv the herbivores themselves. A marginally unpalatable species 

w:uld be ignored until the herbivore density increased sufficiently 

for them to utilize such species. Chce grazed. the regrONth may be 

significantly more palatable tha~ the old grONth. In this way its 

oalatabilitv rating ~s increased. Thus. the calculation of CC in 
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this manne~ fo~ a ~eserve that is not seve~ely ove~stocked would 

~esult in an unde~estimate. I-b-eve~, this would p~obably not be 

signi ficant. 

(5) Al trough the method recognizes that species di ffe~ in their 

oalatability it ignores compartmentalization in the various ASC 

compcnents (as with method 2). If only phytomass of the palatable 

species is considered the estimate of CC will be reduced. The PI>P 

of phytcxnass in the various cc:mruni ties was 5,1 x 10
6 kg 

-1 
yr in 

the T. leucothrix - L. simplex community, 0,4 x 106 kg yr-1 in the 

c. validus 
6 -l. 

D. natalensis cormunity, and 0,2 x 10 kg yr ~n the 

T. triandra C. asiatica community. Thus the effective DC would be 

approx ima te I y 1 562 PiJ. Wi th a 25 I. carry over, the es bma ted CC 

would be 1 172 AU. 

(6) Calculating the area of a 'mythical' reserve with totally 

edible material and then applying the recommended stocking rate is 

inaccurate because the recommended stocking rate is based on the 

species composi tion and therefore accounts for the inedible 

species. If all the species were edible the recommended stocking 

rate would be greatly increased. This was not recognized by Conlong 

(1986) when he adopted this approach. 

Method 4. NJtrient stocks 

It was demonstrated in chapter 9 that the concentrations of cnJde 

protein (OP) and phosphonJs (P) were limiting during particular 

times of the yea~. In a manner similar to method 2 the productivity 

of these nutrients can be calculated and then weighed UP against 

herbivore reouirements. Calculation of nutrient productivity is 

bac;ed CTI absolute arro..Jnts oe~ uni t a~ea which may be de~i ved from 

the the prcxluct of the concentration (ch. 8) and phytomass (ch. 5). 

This was done for OP and P and the ~esul ts a~e p~esented in Table 

9.6. 
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Table 9.6. A-Inual production of crude protein and phosphorus 

I\lJTRIENT Cl:M'1...N I TY ffiJDf=T I (J\j ~ TOTPL I"EA"IJ 
(g/m /yr) (hal CXJ1't.j\J I TV DAILY 

PROrU:TICN PRODlCT I ()\j 
(kg/yr) (kg/day) 

Crude T. 1 et..Icothri x 15,25 5 460,2 832 680,5 2 281.3 
Protein L. simplex 

C. validus 15,00 533,7 00 055,0 219,3 
D. natalensis 

T. triandra 16,81 217,7 36 595,4 100,3 
C. asiatica 

TOTPL 6 211,6 949 330,9 2 600,9 

Phosph- T. let..lcothrix 0,13 5 460,2 7 098,3 19,4 
on..lS L. simplex 

C. validus 0,15 533,7 8CX).6 2,2 
D. natalensis 

T. triandra 0,14 217,7 304,8 0,8 
C. asiatica 

TOTPL 6 211,6 8 203,7 22,4 

The dai 1 y requirements of domestic herbivores for CP and P is 

approx ima te 1 yO, 07 I. and 0,003 I. respec ti ve 1 y , of their body mass 

-1 
(~ 1965). This is the equivalent of 0,315 kg CP day per ~ and 

0,0135 
-1 

kg P day per~. 

en the basis of the f igur~es for CP, I'm cc:ul d , therefore, support 

8 257 ~. This is the highest estimate calculated so far. 

However, refinement of this figure in the manner adopted for the 

previc:us calculations serves to reduce it considerably. nus, if 

only palatable species are considered the production of CP is 

-1 
approximatelv 938,5 kg day • permitting a DC of 2 979~. Looking 

at the phyt:xr.ass COTlpcJflent only in conjunction with the biennial 

burn and a'l 25 I. carryover resul ts in a DC of 650 ~. 
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If the figures for P are used. it is estimated that the CC w:::lUld be 

1 659 AU. ITOre than dD.lble the present numbers. The lower estimate 

based en P appears to indicate that P, rather than cp. is the ITOre 

limiting factor. Adjusting this estimate to exclude unpalatable 

species reduces the CC to 963 AU, and incorporatien of the relevant 

reductiens for the biennial rum and 25 I. carryover resul ts in a 

figure of 212 AU. 

As with the above methods, this ene also 

generalizatiens/drawbacks that limit its accuracy. 

has several 

(1 ) I t is based en absolute mass rather than metabolic mass which 

is not as accurate (Mentis 1977). 

(2) It ignores seascnal differences of abJndance or scarcity. 

Hence. at particular times of the year, the CC CD.lld be higher tha~ 

calculated, whilst at others it w:::lUld be lower. B.Jt if the rrost 

cri tical st-ortage is of enl y st-ort duratien than the herbivores may 

survive thrD.lgh until a subsequent period of increased productic:n. 

In centrast. if it is too leng a duratic:n tren the above is an 

overestimate. 

(3) I"bre importantly. it ignores the foraging time required to meet 

the daily reauirement. Thus, in absolute terms the sta~ding stock 

per unit area may be adequate, rut if the cencentratic:n is very low 

(as was shc::Jl...rl in Ch. 9). herbivores w:::lUld have to ingest and digest 

large amounts of food to obtain the required quantities. Under such 

circumstances there mav be insufficient foraging a~d ruminatic:n 

~ime to ingest the required amounts, ~Id therefore, the calculated 

CC w:uld be an overestimate. Whether or not this applies to the a:: 

based en (J=l adjusted for palatable species en1 y is unknCW"l because 

it is highly probable that the (J=l cencentratic:n in the palatable 

spec~es is cc:nside!'"abl y h~gher than the otrer species. This 
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calculation based on palatable species only would serve to reduce 

the dilution effect. 

Method 5. Seasonal availability of phytomass and CP 

A problem Cc:mTO'"l to all the above estimates is that they failed to 

accOJllt for seasonal di fferences in suppl y of required rescurces. 

t:nd yet it is clear that if rescurces are inadequate they sh::uld be 

most limited during the non-growing season, during which time they 

are not renewed. This may apply to both Quantity and quality of 

food. The peak amounts of phytomass and CP are presented in Table 

9.7. 

Table 9.7. Peak phytomass and CP stores 

CO"MJ'JI TY PtU...NT (kg/ha ) PF£A CXl'1'1..NITY TOTt=:L (kq) 
Phytomass CP (ha) Phytomass CP-

T. leucothrix - 2 329 140.0 5 460,2 12 716 806 764 428 
L. simplex 

C. validus - 2 500 134.4 533,7 1 334 250 71 729 
D. natalensis 

T. triandra - 2 210 141.3 217,7 481 117 30 761 
C. asiatica 

TOTPL 14 532 173 866 918 

Assuming a non-growing period of 18:) days and the daily 

requirements given in methods 2 and 4 the store of phytomass at the 

end of the growing season could support 8 073 PLI through::ut the 

winter period. Even if only palatable material is considered it is 

clear that there was no sh:lrtage of material for the present number 

of herbivores on a mass basis. The same appears to apply for the 

store of CP which, at 866 918 kg, should be able to support 15 

536 ?'tJ throughout tre winter period. Correction of both these 

values as in the above methods resul ts in a calculated CC 

approximately double the present number (Table 9.8.) 
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Despite being a refinement upon several of the above methods there 

are still inaccuracies inherent in this method. 

(1) Herbivores can survive a oeriod of srortage by mobilization of 

body reserves and tissues (Hardy and Mentis 1986) as was the case 

at !'13R (C. Shackleton in prep.). Thus, al tt-ough the store of (Y is 

inadequate to meet daily requirements it does 

follow that there will be increased mortality. 

period of non-replenishnent, the greater is the 

not necessari 1 y 

The srorter the 

probability that 

the herbivores will survive. However. whilst 'weathering" a 

of srort supply by utilization of body reserves there 

period 

mav be 

increased mortality due to disease and weakness induced by their 

poor nutritional status. Consequently, this method underestimates 

the ce, rut does indicate that animals will experience mass loss 

during the non-growing season. 

9.5. ~ DISD...BSICN 

9.5.1. Carrying capacity of MGR 

If nothing else, the wide range in the results, summarized in Table 

9.8.. serves to emphasi~e the difficulties and ignorance 

surrounding the calculation of the ex:; for a given area. The 

calculated ce ranges fron less than 100 AU to over 15 (X)() AU and 

even then reasons for inaccuracies have been identified with each 

approach. This certainly leads to Questioning the applicability of 

the results, indeed. the very concept of carrying capacity itself. 

In this respect. methods 4 and 5 which incorporated aspects of the 

Quality of the vegetation would apoear to be the most realistic 

approaches. The general agreement between the final values in 

meth::x:!s 1 and 3 with that of 4.1. lends further credence to method 

4. The values obtained fron these three approacres suggest that M3R 
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is presently close to CC or marginally overstcx::ked. esoecially as 

most of the inaccuracies in the approaches suggested that they 

overestimate CC. 

Table 9.8. Surrmary of values of carrying capacity for herbivores 
at MGR calculated according to different methods 

/"ETl-(JD ADJUSTED FCR -

1. Agricultural 
- non grazable areas 
- biennial burning 

2. Productivity 
- proportion of phytomass 
- biennial burn 
- 25 I. carryover 

3. Palatable species 
- proportion of phytomass 
- biennial bum 
- 25 I. carryover 

4.1. CP productivity 
palatable species 

- proportion of phytomass 
- biennial burn 
- 25 I. carryover 

4.2. P productivity 
palatable species 

- proportion of phytomass 
- biennial burn 
- 25 I. carryover 

5.1. Peak stocks of phytomass 
palatable species 

- biennial bum 
25 I. carryover 

CC 
(AU) 

1 404 

7 534 

2 750 

8 257 

1 659 

8073 

5.2. Peak stcx::ks of CP 15 536 
palatable soecies 

- proportion of phytomass 
- biennial bum 
- 25 I. carryover 

1 140 
570 

4 384 
2192 
1 644 

1 562 
781 
586 

2 979 
1 734 

867 
650 

963 
565 
283 
212 

2 910 
1 455 
1 091 

5 611 
3 267 
1 634 
1 226 

Accepting that the upoer CC of MGR is approximately 600 PLl, then it 

is considerably greater than that recorded in otner sourveld 

region!: .. The simi lari ty of the MGR grasslands to trose of the Natal 
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D~akensbe~g have been indicated in ea~lie~ chapte~s, and hence the 

disc~epency in estimates of CC casts dcubt upc::n c.his figu~e. The 

highe~ p~oductivity of the coastal g~asslands, longe~ g~owing 

season and less seve~e winte~s may amelio~ate this diffe~ence to 

some extent. The effect of these facto~s requi~e investigation, 

where possible. 

Rowe-RCW? and Scotche~ (1986) estimated the CC to be only 10 I. of 

that of the ~ecommended ag~icultu~al stocking rate for the scu~eld 

g~asslands of the Natal D~akensbe~g. Thei~ estimate was 

substantiated by the nume~ical stability of he~bivo~e populations 

in the Natal D~akensbe~g ~ having been O'Cl~e o~ less constant ove~ 

the last six decades without any active management. Rowe-RCW? and 

Scotcher (1986) quote data f~om Southgate (1979) f~om another a~ea 

of the D~akensbe~g which is in ag~eement with thei~ estimate. As 

p~evicusly stated. Shackleton (1984) similarly ~eco~ded a ve~ low 

stocking ~ate for wild he~bivo~es on scu~eld g~assland in the 

eastern T~ansvaal • al though it was not knCWl whether the 

ooDJlations had been stable for a long pe~iod or not. In agreement 

with the findings of Rowe-RCW? and Scotche~ (1986) Sha~key (1970) 

concluded that the maxirrl.JlTl ~eco~ded CC of wild he~bivo~es was only 

10 I. of the maximum tor domestic he~bivo~es after ~eviewing seve~al 

scu~ces f~om a~ound the wo~ld. 

t-bNever ~ acceptance of that the CC of !"ffi is on 1 y 10 I. of that of 

the ~ecommended ag~icultural stocking ~ate (~ 58 AU) is problematic 

in ttiat it is inconceivable that any ~ese~e cculd be stocked to 

1 100 I. of the CC (there a~e p~esently 648 AU in MGR) without signs 

of massive dete~io~ation in both habitat and vegetation. Definite 

signs of local ized heaVY g~azing a~e evident and it is my 

imp~ession that these have increased in size and number during tt-e 

cou~se of this study. These areas a~e favcu~ed by the concent~ate 
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grazers. which is a common feature of most sour grasslands under 

wi I d herbi vores. i-bNever, the impressien that these areas are 

increasing does suggest that the present herbivores numbers are 

close to or slightly greater than ce. 

In light of (i) the general agreement between meth:lds 1, 3 and 

4.1.. (ii) the findings of Mentis and Duke (1976) that the 

agricultural stocking was an overestimate for wild herbivores, 

(iii) recogni tien that most of quali ficatiens attached to the 

various methods adopted to calculate ce suggested that the results 

were overestimates, (iv) the increase in heavily utilized areas, 

(v) the winter stress exoerienced by the herbivores, and (vi) the 

form of rotational grazing imposed by the biennial burn, I suggest 

that I'm is marginally overstocked. This is further supported by 

the decline in numbers of the species ill adapted to this area 

(gemsbok, impala, springbok) following an initial increase in their 

numbers. I"breover. it appears that the reproductive rate of the 

blesbok. which are well suited to this regien. has declined 

(A-Idrews pers. C01YTl.). 

Tt-us, I envisage that animal numbers will decline over the next few 

years, or the ex'Cen~ of the heavily grazed areas will l.ncrease 

significantly, which could, after some optimum is attained, lead to 

a lowering of the ecological ce in the long term. I-bv.ever, it is 

likely that animal numbers will level off and there is no need for 

centrol of animal numbers. In this frame I suggest that 500 - 6(X) 

~ be considered the CC of I'm over the next few years, after which 

herbivore reproductive rates and conditien of the grasslands should 

be reviewed. Whether or not management should attempt to actively 

centain the herbivore numbers within these limits is discussed in 

chapter 10. 
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9.5.2. Carrying capacity and the environment 

Several attempts have been made over the last tlloCl decades to relate 

DC to abiotic variables. In this way the differing DC of various 

regions could be explained as well as lending a predictive capacity 

for unstudied areas. The first models related DC to rainfall or 

effective moisture status (RosenzlNeig 1968, r.oe et al. 1976) as 

these was perceived as the factor controlling productivity. This 

approach 

rainfall 

yielded satisfactory results for regions with an annual 

of less than 700 mn per annum, rut tt-e relationship 

between rainfall and productivity diminished under 

precipi tation values. I t was inferred fron this that sane 

factor limited production where rainfall was adequate. 

greater 

other 

Recent syntt-eses by Botkin et al. (1981) and Bell (1982) suggested 

that soil nutrient status was tt-e ott-er factor, and as such. 

should be incorporated into tt-e modelling of productivity. This 

parallels IIoClrk demonstrating the importance of food quality in 

determination of available t-erbage. Botkin et al. (1981) and Bell 

(1982) contend that DC can be related to soil nutrient status 

because the latter determines food quality. Thus. low soil nutrient 

status yields low quality food and rence tt-e DC is low. In tt-e same 

way, high soil nutrient status leads to a high DC. This must be 

considered in conjunction with the rainfall regime as that 

determines the amount of food. t-bwever, under high rainfall 

leaching of soils is intense, resulting in a low nutrient status. 

This limits the productivity and reduces the quality of available 

herbage. Thus. the highest DC srculd be? evident in regions of 

intermediate rainfall where there is adequate moisture for high 

Droductivity, rut only limited leaching, thereby oromoting 

Droduction of good quality forage. This relationship was summarized 

bv Botkin et al. (1981) in Figure 9.2. 

196 



30000 

... x 
I 

E 
oX x 
01 =. 20000 
VI 
VI 
< 
1: 
0 
co 
UJ 10000 a:: 
0 
~ 
lD 
a:: 
UJ 
::I: x' 

200 600 1000 1400 1800 

MEAN ANNUAL RAINFALL (mm) 

Figure 9.2. Herbivore biomass as a function of mean annual rainfall 
[adapted from Botkin et al. (1981): 1 = MGR, 2 = GCGRJ 

However. Scotcher (1982) indicated that this relationship did not 

hold for the Natal Drakensberg. It clEarly does not apply for MGR 

either. This is a result of the data used by Botkin et a1. (1981) 

being from areas with a high nutrient status relative to the 

dystrophic regions of the Natal Drakensberg and MGR (Scotcher 

1982). It aDpears. therefore, that the curve in Figure 9.2 should 

be displaced to the left. The data reviewed by Bell (1982), with a 

few exceptions. certainly substantiates this (Fig. 9.3). 

It is w:Jrthy of ccmnen t tha t rros t of the areas on Be 11 . s (1982 ) 

figure with a mean annual rainfall of greater than 850 mm haVE a 

baseme?nt geology (i.e. situated on Precambrian strata) and a ION 

herbivore biomass. Moreover, these areas are characteristically 

dominated by large herbivores such as elephant (Loxodoota africana) 

and buffalo (Syncerus caffer). Data fron MGR includes it in that 
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Figure 9.3. Herbivore biomass as a function of mean annual rainfall 
[adapted from Bell (1982); 1 = I'm, 2 = ECGR; o = non-
basement geology, • = basement geology] 

Note: the three extreme points at the top of FiQure 9.3. are 
anomalous and reascns for this are suggested by Bell (1982) 

area of the figure. However, such a position is anomalous in that 

it does not have a basement geology Cal th:ugh the mapping scale 

used by Bell (l~i would possibly classify it as being un a 

basement geological type], nor is it dominated by large rerbivores. 

Bell (1982) did. however, note several dystrophic grassland areas 

as exceptions. These were dominated by small herbivores as is the 

case at I'm. Bell (1982) concluded that cormunity structure in 

these areas was displaced. Alternatively. the non-conformity of MGR 

to this relationship may serve to indicate the artificiality of the 

herbivore complement at I'm. The decline in numbers of impala, 

gemsbok and springbok support the obvious 1 y p::or consideration of 

historical a~d ecological factors in the initial stocking of the 

reserve. 
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9.6. SI...J'1"mY 

1. In light of the similarity of these grasslands to those of the 

Natal Drakensberg (in terms of species canposition, productivity, 

seasonality, fire response and forage quality), and the l~ quality 

of forage at I"GR, it is probable that the a: is below the 

recommended agricultural rate, as is the Natal Drakensberg. 

2. The carrying capacity of I"GR should not be viewed as static and 

herbivore populations should not be maintained at a particular 

level. Rather, numbers should be able to fluctuate within broad 

limits. 

3. It is recommended that the lONer and upper limits for M3R be 500 

~ and tIJO ~~ respectively, over the next few years. 

4. A:jherence to these limits should be reviewed after five years 

and appropriate recommendations made. 
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SYNTI-ES I 5 I=N) RECD1'£NDAT I[l\S 

Following description of the soils and grasslands of MGR. data were 

presented to quanti fy each of the variables and processes outlined 

in the original model (see Fig 1.1). For critical evaluation. the 

study can De divided into three sections: (i) description of 

the soils and grasslands of the reserve, (ii) determination of 

standing crop of the grasslands, and (iii) assessment of the 

suitability of the grasslands for herbivores. From these various 

conc.lusions can be draWl, on which, in turn, several managerrent and 

research recCJn'VT'el'1dations can be made. 

10.1. MGR - soils and grasslands 

Chapters 3 and 4 provide the basis for improved managerrent based on 

a knowledge of the various edaphic and vegetative units in the 

reserve. As such this is an accepted conventional starting point 

for any research aimed at promoting more objective and knowledge­

based management of the biota of arw area. 

Three soi 1 associations were identified, each composed of several 

forms. The arrangement of trese associations in relation to 

topography was generally repetitive a~d thus conformed to the 

catena concept. At the top of slopes, shallow, undeveloped soils 

of the Mispah and Glenrosa forms were pr-ed:::rninant. These graded 

into deeper. well-developed soils of the Clovell y and I-LItton forms 

at the mid-slope position, to deep hydr-omorphic soils at the base 

of the slope (Pinedene, Katspi'ui t aid Cr.ampagne fo:-ms). Ir. te:-ms of 

ar-ea of the reserve. the most extensive for-ms in each of these 

groups were Mispah (64,7 I.), Clovellv (15,9 I.) and Champagne (6.8 

In some instanc.es the delimitation of the various soil associations 
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correlated well with particular vegetaticn types. For instance~ 

hydromorphic soils usually supported seasonal and/or perennial 

lIEtland vegetaticn and soils of the H...lttcn form generally undeday 

the C. validus D. natalensis grassland comunity. I"bre 

speci f icall y, the distrib.Jticns of the grassland comuni ties lIEre 

associated with particular ranges of soil variables, rather than 

soil forms (see later). This inventory of the soils, and soil-

vegetaticn units, coupled with knowledge of the erosicn potential 

of each form is an invaluable aid in deciding the correct loc:atic .... 

of roads. This is especially necessary where they are Dreser.":ly 

the cause of accelerated erosicn or are impassable dUt-ing the lIEt 

season du~ to waterlogging. 

Critical evaluaticn indicates that the results of the multivariate 

Droc:edures applied to the vegetaticn data substantiated the 

identification of the original vegetaticn units discerned in the 

field. The most extensive grassland camunities lIEre the T. 

leucothrix L. simplex short grassland (71.1 I. of the reserve), C. 

validus D. natalensis medium grassland (6,9 I.) and the T. 

triandra C. asiatica dwarf grassland (2,8 I.). Forests and 

wetlands comprised 7.2 I. and 6.3 I. of the total area, respectively. 

The extent of the shrub grassland subcamuni ty dominated by S. 

vulgaris and A. calva apoeared to be related to fire frequency 

although this requires further investigaticn. 

Correlaticn between the various grassland camunities and specific 

edaphic and physiographic variables emphasized the distinctiveness 

of the comuni ties recognized. Th.Js, the T. leucotnrix - L. simplex 

short grassland was associated with sandy soi Is of a 10lNer nutrient 

status than the clavier soils characteristic of the C. validus - D. 

natalensis medium grassla,d ccmrur.i tv. The T. triandra C. 

asiatica dwarf grassland adjacent ":0 the seashore ~s associated 
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with soils with a high conductivity and o~ganic matte~ content 

~e 1 a ti ve to othe~ cc::wmun i ties. These habi ta t vegeta tion 

associations also enhanced insight into the ~elationships between 

ccmruni ties and thei~ successional t~ends. T!"us, whe~e two o~ mo~e 

ccmrunities o~ subcc::wmunities a~e not associated with mutually 

exclusive ~anges of the measu~ed envin:nmental vaiables, it is 

oossible that one may expand at the expense of anothe~ as 

envi~onmental p~e-~equisites a~e simila~. 

Using the a~eas of each ccmruni ty. and Map 3 it is now possible to 

define mo~e ~ational bounda~ies fo~ the management 

compa~tments/blocks. This ~efinement will take into account the 

ung~azable a~eas of each compa~tment, as p~esently some blocks a~e 

of widely diffe~ing a~eas, the~eby causing an imbalance in food 

sulJPly between the two yea~s of the running cycle. Compa~tment 

bounda~ies may fu~ther- be ~efined to ensu~e that the~e a~e equal 

p~opo~tions of each cc::wmunity within each compa~tment, so that 

localized heavy g~azing is not p~omoted by bunning of the majo~i ty 

of the favou~ed C. validus - D. natal."sis ccmruni ty in one 

compa~tment. This second ~efinement w:J..Jld also balance the 

p~oductivity of the va~ious compa~tments. 

10.2. Dete~mination of standing c~op 

Dete~mination of standing c~op indicated that fo~age availability 

was heavily influenced by seascn ~eflected in ma~ked diffe~ences 

in pa~titioning of ASC between the phytomass, nec~omass and litter­

compcTlents between winter- and sumne~. Th...is. peak levels of 

phvtomass of between 45 - 55 i: in SL..lITVTle~ dec~eased to 15 - 26 'l. of 

the biomass in winte~. Availability was also a function of the age 

of the swa~d which also affected this pa~titioning. Peak absolute 

values of total PSC a~e the highest ~eco~ded in southern Af~~can 

grasslands to date. Hbweve~, these diffe~~ed between t~eatments and 
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different aged swards. Herbivory reduced total ASC marginally « 8 

I.) rut had little influence on the partitioning into the above 

conpc::nents. 

Although calcwlation of AGP is highly dependent upon the method 

used, the results support Ac::ocks' (1953) suggestion that these 

grasslands are probably the most productive in southern Africa. In 

common with the dystrophic soils elsewhere in southern Africa, this 

is a reflection of the high precipitation characteristic of such 

areas (Sc:otcher 1982). This high rainfall together with the equable 

coastal temperature regime, are the most probable factors which 

ensure that the coastal grasslands of this region are ITOre 

productive than the ITOre intensively studied montane grasslands of 

similar species conposition (Sect. 5.5.5). 

In evaluating this aspect of the study three shortfalls are 

evident. ( i ) Separation of standing crop into key species and 

species groups was extemely time consuming. FurtherlTOre, the high 

variability of the resultant data detracted fron the usefulness of 

this approach in lending any insight into the role of these species 

in community dynamics. (ii) Non-replication of the sample sites 

precluded the use of inferential statistics. The rationale at the 

cCllMlencement of this study was that it was ITOre important to 

monitor the three most extensive communities, rather than 

sites in the most extensive community only. A'l additional 

which precluded the sampling of additional sites was the 

several 

factor 

labour 

necessarv to separate clipped matE'rial into key spet::ies. I-bwever. a 

result of this non-replication is the lack of any indication of the 

extent to which site-specific differences contriruted to the 

measured overall differences in ASC between communi ties. (iii) Low 

sample number of clipped quadrats. Al though sample number was 

oE'termined from a pilot study. and the resul ta"t variatic:n was 
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usually relatively low « 20 I.) in compariscn to other prcductivity 

studies, more samples would have been a more efficient use of the 

time available than the separatien of clipped material into key 

species and species grD....lps. 

Further- impr-oven-ent may have been gained by increasing the overall 

emphasis of the LB study. This would involve placement of bags in 

the field monthly, or seascnally rather than just once as done 

during this study. However, such a refinement was not efficient in 

terms of the primary objectives of the study (see Ch. 1). Such 

work could. however, yield very profitable results if undertaken at 

MGR in the future. 

10.3. Suitability of the grasslands for herbivores 

This aspect of the study revealed that the present herbivore 

complement had little impact en the productivity of the grasslands 

of the reserve since the animals censume less than 8,0 I. of the 

available forage (Ch. 7). In contrast to the grasslands, however, 

both Tinley (pers. comm.) and Cutten (pers. comm.) have predicted 

and observed extensive damage to the forests, and endemic woody 

species in MGR. 

The low herbivore imoact on the grasslands is attributed to the 

poor nutrient quality of the grasslands and the domina~ce of 

concentrate grazers in the herbivore complement. Crude protein was 

low « 5.0 I.) from March thrD....lgrl to A...Jgust in the two fTOSt 

extensive grassland communities. This deficie-Jcy was temper-ally 

ameliorated by burning which increased CP levels 200 - 300 I. for 

two to three mcnths immediately following the fire. Ph:lSphorus 

appeared to be deficient for herbivore requirements thrD....lghout the 

year except in burnt grassla..'1ds. f-b....IE'ver. the improvement in P 

cencentratien after burning was shortlived. and levels declined to 
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below maintenance requirements within two months. Digestibilty alsO 

declined rapidly after a fire being generally ~ess than 35 /. within 

4 - 5 months after the fire. It rarely exceded 30 I. in the older 

unrurnt swards. 

This has resul ted in pronounced area and species selection. 

Preferred species (PR > 1) generally conprised rrore than 70 I. of 

the diet rut usual 1 y represented less thaT") 45 I. of the forage 

available in the T. leucothrix - L. simplex community and less than 

30 I. in the C. validus - D. natalensis community (Sect. 7.4.). 

Two interrelated criticisms may be levelled at this aspect of the 

study. Firstly, plant-based estimates of utilization were used, 

which are less accurate than animal-based meth:x:!s. I-bwever, no 

animal-based meth:x:! is as Quick and accurate as tt-e methods 

employed t-ere unless tame animals are used. Tt-e adoption of tame 

animals was not feasible because of tt-e diversity of ungulates at 

1'13R. Furtt-errrore. this aspect was recognized. and estimates of 

herbivore requirements were corrected, as far as possible. for this 

(Sect. 8.5.4.). Tt-e second problem relates to tt-e extrapolation of 

nutrient requirements from domestic stock to wild t-erbivores. 

Unfo~tu~ately~ empi~ical studies of the r.ut~itional ~equi~ements of 

the various soecies of wild herbivore still need to be attempted. 

Until then, extrapolation fron domestic t-erbivores will remain tt-e 

standard procedure. 

10.4. General synthesis 

Tt-e initial approach of this study was based on tt-e approach of tt-e 

lEP grasslands programme. This led to tt-e adoption of Fig 1.1. as 

the basic model of mass flow within a community which would 

determine tt-e amount of food available for t-erbivore consumption. 

Mean annual values for the various variables ~n Fig 1.1. and 
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transfe~ processes are provided in Fig. 10.1. for two of the three 

communities monitored. 

This holist approach by the IEP illuminated several ill-defined 

correlations between AGP a~d various abiotic factors such as 

r-ainfall. temperature, growing SEaSOl, length, radiaticn loads, 

latitude, etc. (Sims and Singh 1971. 1978). Furthermore, . .. 
~\.. 

assisted in identifying gaps in existing knowledge of the basic 

processes and calculation of AGP (van Dvne et ale 1978). The 

construction of such strategic rrcx:iels co-ordinated by the rEP are. 

hJwever. now deemed to be 'out-rroded' (van Dvne et ale 1978). This 

is primarily because of their great cost and the inapplicability of 

the generalized results (derived from the synthesis of results 

from several geographically distinct sites) to specific systems 

(f-untley 1987). The enormcus complexity of the resultant rrcx:iels, 

poor resolution of predictive results and mathematical contraints 

were further reasons for scaling down of the IEP after several 

years (Rigler 1975. Watt 1975). However. there is little doubt that 

a tactical rrcx:ielling approach can be useful for small, localized 

systems such as r13R (Innis 1975, Mattt--ews 1984). However, their 

success may depend upc:n the the degree of t-anogenei ty wi thin the 

system, al trough they have been employed w~ th varying degress of 

success (and realism) in large heterogeneous conservation areas 

(e.g. Starfield et al 1981. Pellew 1983). Here too, the greatest 

benefit of this approach would probably be the identification of 

gaps in knowledge abo..lt the major driving forces and processes 

which aid objective appraisal of opposing management options. 

Serious criticism of the scheme in Fig 10.1. could be tr.at it has 

little predictive capacity and no relevance to the determination of 

stocking rate since the system at r13R is limited by nutrients, a~d 

not by mass. Itwever. the construction of a similar model for CP 
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may now be attempted. The present mcdel has little predictive 

capacity because the driving variables were not identified. except 

herbi vory ~ which was shc::Jl,.,n to be of Ii ttle importance. I-bNever, 

within the time constraints it would have been unrealistic to 

attempt detailed recording of the possible driving variables during 

the cO'...!rse of this or-oject. I-bNever-, it has assisted greatly in 

constructing a framework of relationships that should serve as a 

useful guide to further research. 

A further important omission from the mcdel is the retum of mass 

and nutrients to the soil via herbivore dung. Determination of this 

was not considered a priority in assisting management of the 

reserve. For the present values may be substituted from the 

Ii terature. EUt this aspect has now been identified as requiring 

quantification to complete the model. Preliminary root stUdies were 

included in Fig 1.1. and were reported by Shackleton et al. (1988), 

and were therefore not rep:Jrted here. 

Lastly. no consideration was given to the impact of insectivorous 

herbivores (termites, grasshoppers, etc). I-bNever~ this is usually 

low in grasslands (Crawley 1983) and is not amenable to management 

- hence its onission. ~ver, it has been suggested that impact of 

insect herbivores increases disproportionately with increases in 

PCP (~drzejewska and Gyllenberg 1980). Therefore, as I'13R has been 

shov.n in this study to have a high PG?, insect impact may be worthy 

of investigation. 

The final question posed in chapter 1 related to determination of 

the 'most appropriate' burning cycle and stocking rate for 1'13R. In 

that sense it is predictive as consideration rrust be given to the 

possible consequences of altering the pr-esent situation. This ~~s 

been attempted below, drawing on both data and conclusions from 
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various chapters of this thesis, as well as relevant literature. 

10.4.1. Burning regime 

The present burning frequency at I"ER is based on research in the 

montane grasslands of Natal. The similarity of the grasslands at 

f"'ffi to those of the Natal Drakensberg wi th respect to species 

conposition, seasonality and productivity was illustrated by this 

study. Hence. such an approach was acceptable in the absence of 

data to the contrary. However, the data derived fron this study now 

permit a rationale revision of this policy at MGR. 

Fire frequency is often considered a controversial question in 

southern Africa. But rruch of the controversy arises fron ill 

defined management goals for the area in question. Determination 

of an optimal frequency at f"'ffi was based on consideration of the 

effects of fire on; (i) on individual species, (ii) the structure 

and function of the various cortm.Jnities, and (iii) herbivory. 

Considering the stated aims of I'13R (Sect. 2.8.3.) only the third 

approach should be reviev.ed here. f-i:Jwever, as alternative 

matlagement goals cOJld be adopted in the future all three 

apDroaches should be contemDlated as far as possible. Each is 

considered below in terms of the effects of an annual burn. the 

present biennial burn, and a triennial or longer burning frequency. 

At no stage is the absence of fire considered as a management 

treatment because all available. published evidence, together with 

data fron this study, indicates that fire is essential for the 

maintenance of sour grasslands. ThJs, Scotcher's statement (1982) 

concluded that "fire is probably the most imoortant factor in 

maintaining ecosystem stability in the Drakensberg and can in fact 

be regarded as a major and regular perturbation" probably apDlies 

eaually well to the gr-asslands at M:R. 
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10.4.1.1. The influence of bunning frequency on individual species 

The influence of different bunning frequencies on the long term 

vigD...lr ar1d abundance of individual species has not received ITUch 

research attention, and rence only generalizations may be made 

here. 

I t may be expected that an annual bum ~ld cause the eventual 

decline of any species that failed to reproduce within the time 

period between consecutive bunns. I-bNever, this ~ld apply only if 

existing individuals were adversely affected by fire, and there 

were no refuges (areas where fire CD...lld not destroy newly 

established individuals). A combination of both these factors is 

relatively rare, hence most species at MGR would survive regular 

annual running, al thc::ugh scrne may experience a dec 1 ine in abundance 

and/or productivity. Species that ~ld be most notably affected 

~ld be fire ir"ltolerant species such as Prionium serrata which 

grOl.l in environments characterized by a 101.1 fire frequency. This 

contention is supported M. Jordaan (pers. cc:mn.) who attrib...ltes the 

elimination of this species from large areas of Natal to 

uncontrolled bunning. Woody species attempting to establish within 

the grasslands (eg Athanasia c:alva. Stoebe vulgaris. Protea sP •• 

forest margin species) are. as observed during the CD...lrse of this 

studv, adversely affected by frequent bunning. 

A grD...lp of species favD...lred by annual bunning are the geophytes 

which usually flOl.ler only after a fire has most of the ASC. This in 

turn would favour an~mal species dependent upc:n geophytic plants as 

a primary food source (several game birds). 

A biennial burn caters well for both geophytic species and 

grassland species that require two vears to achieve a major sexual 

reproductive D...ltput, such as C. validus, and L. simplex. It also 
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shares the negative asoects of annual burning but to a lesser 

extent. 

A triennial burn. or lenger wc:uld permit the establ ishnent of sc:::me 

woody species where local edaphic cenditiens are suitable. with a 

cencomitant reductien in flCJWE'ring frequency of geophytes. 

10.4.1.2. The influence of turning frequency en ccmrunities 

The present fire policy excludes all forests fr-om being burnt by 

stipulating that turning should commence by burning outwards from 

forest margins (Kime 1984). Although this is standar-d management 

practice over most of southern Africa. forests can, and do. recover 

from periodic fires (Granger 1984). as they !lUst have dene before 

the advent of centroll~ turning and fire breaks. The recovery of 

forests subjected to differing frequencies and severities of 

burning has not been investigated. The pc:x::>r implementatien and 

central of the turning prograrrvne over the last three years at I"GR 

has resul ted in severe damage to several extensive forests (oers. 

obs. ). en tt-e other hand. turning of small patches wi thin tt-e 

grasslands is difficult to avoid without disproportienate costs and 

labour. Hence it is necessary that forest oatches be rated in terms 

of importance (size. species composition. fire accessibility. 

potential for- expansien. ease of implementatien of protectic::n 

measures. etc. ). Forests with a high imoortance rating (eg swamp 

and dune forest) sh:Juld then be permenantly protected by fire-

br-eaks. a'ld all fires in the vicinity burnt away from tt-e forest. 

Forests with a medium imoortance rating wc:uld not be protected by 

fire-breaks, but fires should be set just beyend the forest 

margins. Thus. unscheduled fires may burn into the forest dependent 

upc:n fire intensity. Forests with a low ra~ing wc:ulc not recieve 

any pr8tection measures. In this instance patch burning leading to 

a mosaic of different aged areas within the reserve is a feasible 



option (see 10.1.4.3.). This rating should be undertaken by 

suitably trained personnel. 

I t has been suggested (see Ch. 4) that the biennial programre 

prevents any of the grassland communities developing towards a 

shnubland. In the interests of Dromoting biotic diversity (animal 

and plant). but to the detriment of grazing ootential. it is 

suggested that a prooortion (say, 10 - 15 I.) of the reserve be 

burnt less frequent 1 y to encC1lrage development of a shnubland 

cc:rrrrun i ty . 

There is little information considering the effects of burning 

frequency on wetl and vegetation. J:>c:wiing' s (1966) "'-Ork and my 

personal observations at f'13R suggest that fire is generally 

detrimental to wetland communities. irrespective of frequency. This 

is especially sa in the shallower ones, Nevertheless, wetlands at 

f'13R rrust have been subject to fire before the advent of a 

controlled fire policy. Again the question is one of frequency. 

Hence the same approach as that C1ltl ined for forests is 

recc:mnended • 

The effects of fire frequency en grassland camuni ties are usuall y 

assessed in terms of pr-oductivi ty and species composition. The 

short ter-m r-esults fr-om this study indicate that pr-oductivity 

declined when fire was excluded fr-om the T. leucothrix L. simplex 

communi ty for- rTOr-e than t"'-O year-so Hence burning should occur- no 

less than once every thr-ee year-so Conver-sly, at the C. validus - D. 

natalensis gr-assla~d pr-oduction in the absence of fire continued to 

impr-ove relative to the burnt plots. Thus. intervals between 

cC1lld be longer- than at present in this grassland, al tl"o...lgh 

may be detrimental to the production of new ti llers 

Shackleton. pers. COl'M\.). 
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Long term trials in sour grasslands in Natal led to the conclusion 

that there was Ii ttle di fference in production between annual, 

biennial and triennial burning treatments (Tainton et al. 1978). 

Similarly, McKenzie (1984) demonstrated the potential for swards of 

Dome Sa..lrveld that road been excessively grazed over six decades to 

a.l/TOSt iioatch the productivity of a Ibencr.Toark" site after only tlf.O 

years of protection. 

Species composition may alter in the absence of fire (Staples 1930, 

Everson and Tainton 1984), usual 1 y towards less palatable species 

and then some form of wooded comunity (Granger 1984, Tainton and 

Mentis 1984). The last phase would only occur in regions where the 

edaphic, climatic and biotic factors were conducive towards woody 

grONth, and this probably is not the case for the wl"ule of !"GR. 

However. the work of Eversen and Tainton (1984) indicates that it 

is only absence of fire that has a major effect on species 

composition, and that there was little or no effect induced by 

different fire frequencies over periods as long as forty years. 

Eversen and Tainton (1984) concluded that a high proportion of 

decreaser species was maintained with frequent defoliation, brought 

about by ei ther an annual burn, or a biennial burn with grazing. 

1he latter case ~s currently the s~tuation at f"'l:R. 

Ai annual burn may favour decreaser- species except in the case of 

species that do not reproduce sexuall y in less than one year. such 

a C. validus. L. simplex and Protea simplex. S. Shackleton (in 

prep.) has indicated that tillering rates in C. validus 

pr-cm:rted by annual burning, but does not take int.o 

maintanence of the population by seed input, and possible 

vigour- of vegetatively produced tillers. Q1 the other 

would favour geophytes. 
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A biennial burn with grazing apoeared to be equivalent to an annual 

burn in terms of its effect en species composi tier. (EverSO'1 and 

Tainten 1984). This regime is also suitable for biennial species 

and geophytes, being detrimental enl y to the developnent of lIIOOdy 

camunities. 

Triennial burning would probably be similar to biennial in terms 

of its effect en camunities. Less frequent burning would possibly 

resul t in a change in species comoosi hen as recorded in the 

unb..Jrnt areas of the reserve, as well as the undesirable 

accummulatien of moribund material. Such an accummulatien would 

increase the severity of nen-scheduled fires by increasing the fuel 

load. 

10.4.1.3. The influence of burning frequency en herbivory 

Determinatien of fire frequency orientated towards the large 

that vertebrate component of a camunitv is often at odds with 

recommended for the plant component - usually the leng term losses 

outweigh short term gains. At MGR it was shown that nutrient 

cen ten t of the sward~ more specifically CP and digestibility, 

declined after a bum, equilibrating after the sec end year. 

Furthermore. forage accessibility was greatest in the first year 

whilst the palatable ohytomass was exposed and . undiluted' by 

increasing amounts of unpalatable necromass. Results (Sect. 8.5.4.) 

demonstrated that the nutrient stoc:::ks, a functic:n of both forage 

mass and nutrient cencentratien, were highest about six rro;ths 

after a burn, decreasing thereafter. 

would potential 1 y be the best to 

oerformance. 

Consequentl y, an annual burn 

maximise large vertebrate 

f-bwever. an ar1nual burn progr-amre may be detr-imental to smaller 

mammals and game birds. Available literature. reviewed bv Tainten 
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and Mentis (1984). clearly indicates that poD.-llaticns of such 

species are promoted by intervals of greater ~han cne year between 

fires, up until sane maxirrum period wrereafter poP-llaticns decline 

due to the accumulaticn of moribund material. Hence a biennial or 

triennial pr-ogranme would be appropriate at I"ER if due 

ccnsideraticn is giver. to maintaining large populations of these 

species and thereby promoting biotic diversity. Again, this clearly 

demonstrates the importance for defining unambiquaous management 

goals in resolving possible ecological and management ccnflicts. 

Such ccnflicting management demands may be accommodated by burning 

different areas of the reserve according to different burning 

progr arrmes • resu 1 ting in a nosaic of uneven I y-aged swards. The 

same effect could be achieved by burning a varying proportions of 

the reserve per year, but the exact areas being determined 

randcrnl y. Lhder such a progranme there would be no need for defined 

burning ccrnpartments, and a oatch system could be adopted. This 

latter option would also negate any theoretical possibility that 

the fauna and f lora become . adapted' to a particular burning 

frequency and thereby experience deleterious effects after any fire 

outside the normal programrre. 

If either scheme IlEre implemented it ITUst be borne in mind that 

large vertebrates always favour freshly w:-nt areas (Rowe-RONe 

1982, Bothna 1989) and differential burning of particular areas 

wi 11 led to increased uti lization of those areas, and decreaseed 

utiliztion of the remaining areas under a ccnstant stocking rate. 

Hence it could mean that the present stocking rate ....auld have to be 

reduced if less than 50 I. of the reserve was burnt per year. Such 

an oPticn is therefore undesirable under the preserlt management 

goals. 
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I-bwever. such a burn tTOasic w.:uld be advantagcus in that it w.:uld 

(i) promote maximisation of biotic diversity of both animal and 

plant species and cCltTYl'Uni ties; (ii) resul t in improved dispersal 

(because of small size of blocks) of the game thrcughout the 

reserve thereby enhancing veld condition and game viewing; (iii) 

facilitate easier control of fire and protection of sensitive areas 

because the management blocks w.:uld be smaller, (iv) decisions to 

burn may be event driven rather than rcutine and as such probably 

is in accord wi th the inherent dynamics of the system (Wa 1 ker et 

al. 1986). Hence it is reccmnended that this option be sericusl y 

considered by the management of MGR. Details of the rotation for 

varicus areas of the reserve are given by Shackleton (in prep.). 

Should this be considered unsatisfactory. then the present biennial 

regime appears to be the most appropriate, but with more blocks of 

smaller areas. 

10.4 .2. Herbi vore numbers and composi tion 

Options open to the management of MGR are to increase. decrease or 

maintain the present number of herbi vores wi thin the reserve. 

Because biological systems are dynamic and interactive there is no 

absolute number of animals that the reserve should support 

(Sinclair 1981). but the consequences of major increments or 

decrements can be inferred, drawing from the data collected during 

this study. 

The present number of herbivores has little impact en tt-e amount of 

fcxx:i available to them. being limited by quality. Trus, MGR inay be 

considered a non-interactive system. Because of this. an increase 

in the number of animals would probably increase the number ar"ld 

extent of He heavily utilized, localized patches, usually 

associated with high nutrient spots. Although perhaps aesthetically 

unpleasant relative to tt-e 'lush swards' surrounding sucn patches 
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it appears that these do recover rapidly once grazing pressure is 

reduced. This occurs towards the end of winter when animals are 

at tr ac ted to new 1 y turn t areas elsewhere in the reserve ( pers . 

obs. ). Consequentl y, provided that such local ized grazing does not 

lead to accelerated soil erosion, invasion of 

unpalatable species (eg Aristida junc::itormis, Pteridium 

or al ien species (eg ~b.Js sp.) then the stocking rate 

oersistant, 

aquilinum) 

co.Jld be 

increased. The latter tv.o soecies have been noted on a few of the 

grazing lawns at MGR. The localized nature of these grazing lawns 

make monitoring relatively easy. Since the unavailability of 

nutritio.Js food items during the winter was the major 

present/potential attrib.Jte of the vegetation influencing herbivore 

oerformance at MGR, the provision of supplementary foods during 

this period would increase the number of animals that C::o.Jld be 

supported. Whether that would be cost efficient would have to be 

determined by the present management. 

Theoretically, it is projected that srould the herbivore numbers be 

allONed to increase, then, at at sane point negative feedback 

fa~tors will occur causing the herbivore populations to become more 

or less constant arOJnd sane mean density. Scotcher (1982) has 

prooosed that this situation has been attained by eland populations 

in the Natal Drakensberg. The dire consequences often predicted 

about uncontrolled increases in populations of African herbivores 

have rarely been fulfilled (Caughley 1981). Where they have. it has 

usuall y been in the face of a major episodic event, usuall y 

dro.Jght. t-bwever. dr-oughts are relativel y infrequei.t in lOClist 

coastal grassla~ds of So.Jthern Africa characterized by their 

equable climate. Unfortunately, the inability of 

management to supply up to date c::ensus figures (those 

the present 

for 1988) 

prevented calculation of long term reproductive rates here. It was 

therefore not possible to determine whether or not populations have 
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been stable since 1986. Furthermore. discontinuation of regular 

counts procludes the calculation of instantaneous rates of 

population increase and hence also theoretical projections of CC 

according to logistic growth equations. Once such 'stability' is 

attained reproductive rates are low and hence the ful filment of the 

major ma~agement aim of promoting incorre from a.imal products would 

be reduced, al though gan-e viewing potential would be maximized. 

One asoec: t tha t wou I d have to be considered if the number of 

herbivores 

especially 

thrc:ugrout 

was increased would be the species complement, 

the browsers. The smaller. isolated forests scattered 

the grasslands of the reserve have definitel y 

experienced significant herbivore impact since establishment of the 

reserve. with the result that many areas appear to be becoming more 

open (pers. obs., P. Dutton pers.ccmn., T. Strever pers. ccmn.). K. 

Tinley (pers. ccmn.) attributes this to the introduction of 

historically non-indigenc:us browsers. Furthermore, the need for 

increasing the proportion of bulk grazers has to be addressed. 

Results from this study indicate that C. vAlidus is utilized by the 

present herbivore complement, and that this cOlTVTUrtity is highly 

favc:ured. In conjunction with the impact of thatch harvesters [see: 

data from S. Shackleton (in prep.) for quantitative assessmentJ. 

there appears little need for al teration of the present ratic 

solely for the control of C. validus. 

The removal of historically non-indigenc:us species srould be 

seriousl y considered. This is especial} y so for those species that 

appear to be ill-adapted to the area and sh:lw declining populations 

(gemsbuck, springbuck. imoala and possibly red hartebeest). Remcval 

of these soec:ies by trophy hunters in the near future would provide 

some return en tt-e funds soent in order to translocate these? 

soec:ies to the reserve initially. Srould this not be done, a"'ld tt-e 
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pooulations continue to decline then no return on that expenditure 

will be realized. 

An alternative option would be to reduce the present herbivore 

numbers. The findings in chapter 9 indicate that should be done. 

This would be unlikely to have major detrimental consequences on 

ei ther the vegetation or present animal reproductive rates. 
l 

It may lead to an increase in reproductive rates and thereby 

promote incone from the sale of animal products. I-b.ever, it would 

reduce game viewing satisfaction. 

The final option would be to maintain herbivore numbers at 

approximately their present levels. Data collected during this 

study indicate that the influence of the herbivores on the 

grassland vegetation is slight. The present number and extent of 

areas subject to heavily concentrated grazing is not unacceptable. 

Th.ls, maintanence of the present herbivore numbers is a viable 

option, provided that tocni toring of the extent of these areas is 

undertaken on a continuous basis. 

As previous 1 y indicated the selecticn of any particular management 

option depends upon clearly defined management goals. This is well 

j] lustrated in the case of the questic:n of desired stocking rates 

for I"a(. If revenue is to be maximized from animal products then 

direct inc one from meet. skins. trophies, etc. will generate higher 

yields than tourism (Anderson 1983). In this respect herbivore 

numbers srou 1 d be lowered by 10 /. and reproduc ti ve rates rron i tored 

over the following four years. If reproductive rates increase over 

the present, then a further 10 /. reduction should be implemented 

and the effects on the reproductive rate again monitored. In this 

way active management will yield the required data for estimation 

of CC and maximal sustainable yield from the l~istic grONth 



equation during tre . nor-mal' management of tre reserve. 

If tOJrism is to be tre primary management objective at r-m th=n 

large numbers and a wide variety of herbivore species are 

desirable. In this respect numbers should be allowed to equilibrate 

naturally. Periodic: culls cOJld be maintained to boost income. 

However, tre 1 ~ forage qua 1 i ty avai 1 ab 1 e to herbi vores wi 11 

orobabl y 1 imi t tre maxirrum numbers wi thout supplementary feeding at 

densities bel~ those of sweetveld areas. Therefore oromoting game 

viewing as tre primary income generater would not equal tr~t from 

dealing in animal products directly unless significantly rrore 

ac:cc:mnodation LLIli ts were constructed. This was cenf irme::l by the 

results of a visitor survey (C. Shackleton in prep.). Results 

indicated that 60,2 I. of the respondents (122) visited r-m to fish 

and enjoy tre beaches. Oily 14,5 I. listed game viewing as tre 

reason for treir visit. In ranking tre time spent in variOJs listed 

activities during treir stay 24.6 I. of tre respondents did not 

spend any time viewing game. Oily 11,5 I. spent rrost of treir time 

game viewing, with tre largest grOJp of respondents (32 I.) ranking 

it only third, usually after fishing, and OC.theing. With only 14,5 

I. of respondents listing game as a reason to visit MGR it is 

unlikely that any increase in herbivore numbers will promote 

increased tOJrism. although introduction of other species may. 

10.5. Proposed management goals for MGR 

I t is evident thr-OJgl"1o.Jt this chapter that the COJrSe5 of action 

open to tre policy makers and managers of MGR are determined by the 

overall aims for tre reserve. Tre only existing dcx:u .. nented aims 

place considerable emphasis on animal production in order to 

generate income. Regrettably, as stated in Section 2.8.3., rrost of 

these aims have not been achieved. FurtherlOClre. major decisions 

which affect both the conservation and game managrrent of the 
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reserve are invariably made on an ad hcc basis by personnel lacking 

the appropriate knowledge and/or experience (eg the culling of 25 

I. of the herbivores in 1988, ca.'icellation of aerial censuses, 

renoval of monitoring plots, hiring of personnel, non-development 

of the education centre). I'breover, with the relatively high 

turnover of senior personnel in the reserve steps taken to achieve 

these goals have differed frcm one manager to the next, none of 

which have been recorded in a policy/management document. Swings of 

comparable extremes have also occurred with attempts to formally 

define management goals (J.E. Granger pers. cc:mn.). 

It is further evident that the present documented goals place 

considerable emphasis on the animal ccmponent and its potential to 

earn revenue, possibly at the expense of the balanced conservation 

ethics in the pol icy docl.1l'OE!rlts of reputable conservation bodies. 

Consequently, I suggest that the existing documented goals be 

reviewed by a rrul ti-disciplinary team and judged whether or not 

they are appropriate. If they are considered appropriate reasons 

why they have not be attained shc:uld be identified and resolved. If 

they are considered inappropriate a new, and binding, policy 

document should be drawn UP. It is imperative that this assessment 

of the present aims, and their possible amTeI'1dment be undertaken by 

recognized 'exoerts' in the conservation and garre managE!l1'e'lt 

fields, as well as the financiers and staff of the reserve. 

Possible oarticioants and interested oarties are suggested by 

Shackleton (in p~e~.) 

In this context it may prove useful to attempt to construct SO'TlI? 

decision aiding tool using artificial intelligence to guide future 

management of the reserve. Tools available include decision 

analvsis and expert systems (Starfiled and Bleloch 1986. Starfield 

and LD...IW 1986). both of which are present I y being introduced, on a 
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limited experimental basis, into the management systems of 

agricul ture and cc::nservatic::n agencies (eg Michalski.t &1. 1983, 

Danilewi tz et ala 1988, M. T. Mentis, pers. cc:mn.). Their potential 

is enorlTClUs (see Starfield and Bleloch 1986) and serious 

cc::nsideratic::n should be given to their applicatic::n at MGR in light 

of the high turnover and inexperience of the staff. Ccrlstructic::n of 

an expert system may be attempted by the above-rren tic::ned 

multidisciplinary team. 

Lhtil such a panel has been ccnstituted and formulated firstly a 

realistic set of management goals for M3R. and seccndly, a sound 

strategy to attain these, I propose that the aims outlined below 

substitute the present management goals. These have been adapted 

from the IUCN strategy, and as such, should be applicable to most 

cc::nservaticn areas, including MGR. At present management either 

fails to take cc::ngnizance of these generally accepted principles, 

or, in sane instances has prcmoted the opposi te. I t is not 

intended that these be binding, but that they can serve as a 

starting point. They are presented in order of priority, and hence 

management cc::nflicts are resolved in favour of the higher ranked 

aim. 

1. Maintenance of essential ecological processes and Ii te-supoort 

SYstems. 

2. Maintenance, or improvement, of biotic diversity. 

3. Promotic::n of sustainable utilizatic::n of soecies and ecosystems. 

4. Generatic::n of revenue from the reserve bJt not at the expense 

of failing to accomplish the preceding aims. 

5. Pr~orrotic::n of the 1 oca 1 eccnomv and 1 abour training. 



6. Assist with both formal and informal education of Transkeians 

in the biological and conservaticr. fields. 

7 . PrDrOCltion of obj ec ti ve understanding of the 

processes of the reserve which will assist in the 

management options and actions. 

controlling 

refinement of 

At present only the first aim is achieved, mainly by non­

interference. Success with the remainder is varied, from not at all 

to noderate. 

Following acceptence and/or revision of such aims it is then 

possible to assess options that will work towards their attainment 

such as the maintenance of the wilderness area or not, 

reintroduction of controlled h.Jnting or not, tradi tional and 

cc:mnercial exploitation of plant products or not, maintenance of 

non-indigenous populations or not, etc. Finalization of options 

will then permit consideration of the actions necessary to achieve 

the stated aims. 

As such, it is reccmnended that the following actions be 

implemented in order to work towards the achievement of the above 

objectives. 

1. Combat of accelerated soil erosion where it presently occurs 

along present and past roadsides (especial I y in the wilderness 

area) . 

2. Inlplementation of a trial burn mosaic pattern to prDrOClte biotic 

diversity with concommitant evaluation of the programme by 

appropriate personnel. 

3. Initiate regular veld assessment of the different management 

blocks. compiling records from year to year. The monitoring sites 
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established during this study can form the basis for this. hence, 

it is important that they be maintained. 

4. Implement regular censuses of herbivore pop.,llations. Ground 

counts would be adequate in the open grasslands of MGR. 

5. Negotiate the sale of skins and trophies of the monthl y culled 

animals. Look at the feasibility of re-introducing trophy h..lnting 

to replace the monthly culling. 

6. Implement and maintain a regular alien plant control prograrrme. 

7. Open up the presently redundant education centre for educational 

groups and research facilities. 

8. Negotiate 

managed and 

medicines. 

with the Transkei Herbalists Association for 

sustained utilization of indigenous products 

the 

for 

9. Continue the determination of physiological condition on all 

culled animals, compiling accurate records. 

10. Determine the desirability of maintaining non-indigenous 

herbivore pop.,llations, and possible substitution with indigenous 

species (eg oribi). 

The tlflO actions listed below are of importance in the near term and 

as such should be implemented as soon as possible. 

1. Organize and host a 'goals' IfIOrksrop at MGR to draw up a 

binoing policy document. 

2. ComD-lterise records of all management actions, and data 

collected above. 
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10.6. Research recommendations 

1. Assessment of present, and monitoring of future browser impact. 

This stems from the observations P. rAJtton, K. Tinley and T. 

Strever, all of whom have been familar with the I'£R region for 

considerable time. They have all stated that browser impact is 

severe and ac bon shou 1 d be taken to reduce it. i-bwever, whether or 

not this is indeed the case requires clarification. Present levels 

of browser damage may simply be an adjustment of the system after 

re-introduction of browsers in 1979, and therefore may be 

acceptable. 

2. Establish and monitor sites to receive different frequencies of 

burning (0, 1, 2, 3, 5 year cycles and randomly). 

This study has provided some insight into the influence of burning 

on the suitability of the grasslands for herbivores. i-bwever, this 

was onl v in the short-term, and longer term monitoring is 

desirable. Most imoortantly. the eclusion of fire from trial areas 

will allow investigations of plant succession which is suggested 

below. 

3. Establishment and monitoring of sites to determine secondary 

successiona 1 trends and changes, if any. 

4. Experimental manipulation to determine optimum levels for 

sustainable utilization of all indigenous products that may be 

harvested (C. VAl idus , Juncus krausii, Fla;ellaria guineensis, all 

tern species, various wildflower species (mostly Composites), trees 

and b..ll bs for traditional medicines). 

ConsiDeration must be given to these aspects for two reasons. 

Firstly, it provides income for the reserve, thereby reducing state 

subsidies. This suooorts the maintenance of the area as a reserve 



rathe~ than turning it over to agriculture. Secondly, it promotes 

good socio-economic relations with the surrounding people. 

5. Determination of the role of termitaria in the establishment of 

grazing lav..ns. 

Initial observations during this study suggest that termitaria play 

an important role in the grazing dynamics of the herbivores at !"GR. 

This arises from the observation that areas of concnetrated grazing 

are often associated with extinct or extant termitaria. This may be 

a resul t of tre change in concentration of selected nutrients 

within the soil, which is reflected in the vegetation. 

6. Determination of the primary production and seasonal 

palatability of grazing lawns (can they be artificially induced?). 

As these are the primary si tes of herbivore grazing. investigation 

of their dynamics and longevity are required. 

7. Investigate the contrib...ltion of seasonally dry wetlands to the 

herbivore diet during winter. 

This study was confined to the grasslands of the reserve. However~ 

some grazing of wetla."ds d~ occur. both continuosl y (by 

reedbuck), and seasonally in those that exhibit considerable 

desiccation during the winter months. It is importnat to determine 

whethe~ or not these areas provide forage of a higher nutrient 

ouality tha.'1 the surrounding grasslands duing the winter months. 

~d if so, whether these areas play a significant role in 

rraintaining herbivore condition during this time. 

8. Investigate the determinants of swamp forest 

artificially induced?). 
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Mkambati Game Reserve boasts the SOJ.themmost distrirution of swamp 

forest in SOJ.them Africa. Consequently it can be expected that it 

is in a marginal enviomment. nus, the indescr""iminant ruming of 

patches of swamp forest, coupled with possibly significant browser 

impact, require that its determinants be investigated. This would 

provide an indication of whether Or"" not there are potential areas 

into which it may expand within the reserve. 

2 ,"), 
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APPENDIX 1. Soil forms of MGR [in alaphabetical order, 
prof i I es not desrci bed by MacVi car- et al. (1977) 

with 
given 

at the end] 

Note 1. The following abbreviations have been used. 

General: (Wi = wet, (D) = dry, nr = near, incr = increasing, 
undtm = undetermined 

Colours: Yell = Yellow, Org = Orange, Brwn = Brown, Blk = Black 

Consistence: Fr = Friable, V. fr = Very fr-iable, Mod = Moderate 

Note 2. Depth has been expressed in centimetres, textural 
classes as percentages and slope in degrees. 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 

CHAMPAGNE 
STRATFORD 

25F, 28E, 36D 
Bottom 
1 - 4 

VEGETATION Perennial wetlands 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 

MOTTLES (Colour) 

o 
55 - 85 

2,5Y 2/0 - 10YR 

(Abundance) Absent 
Apedal - Weak STRUCTURE 

CONSISTENCE (W) 
CONCRETIONS 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND nOTAL> 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (I<C1) 

V. Fr - Firm 
Absent 

18,9 - 29.9 
13,8 - 18~1 
48.5 - 65,8 
10,4 - 17,5 
19,2 - 30.0 
17,8 - 24,4 

3,7 - 3,9 

G 
25 - 80 

3/1 2,5Y 4/0 - 2,5Y 5/2 

Clear 
Throughout 

110 - 150 
Rock 

Org, Yell, Brwn 
Common 
Apedal 

Fr - Firm 
Absent 

17,3 - ""Q ~ '-' ~ ,~ 
6,8 - 10,0 

46,5 - 71,7 
11 ,9 - 17,2 
14,5 - 26 5 

'"'8' . 15,1 .L ,i"l 

3,5 - 3,8 

------------------------------------------------------------------
FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 
VEGET.coTION 

CLOVElLY 
MDSSDALE/OATSDALE/CLOVELLY 

4A, 
M· ... 1 ... 

.,..-..Jr- , 18B, 198, 20B, 30E, 33F, 41C, 

- 4 r. leucothri~ - L. simplex or- C. validu$ 
natalensis grassland 

D. 



PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 

(0) 
MOTTLES (Col.our-) 

A 
40 - 92 

2,5YR 3/0 - 10YR 2/2 
10YR 4/1 - 10YR 5/2 

B 
20 - 150 

7,5YR 4/6 - 10YR 5/8 
7,5YR 5/8 

Red 
(Abundance) 

STRUCTURE 
Absent 

Apedal - Weak 
V. few, incr with depth 

Apedal 
CONSISTENCE (W) 
CONCRETIONS 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND <TOTAL> 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCL) 

P (ppm) 
POI 
K (ppm) 

. Ca " 
Mg " 
Na " 
Al 
S value 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 
VEGETATION 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 
MOTTLES (Colour) 

V. Fr - Loose 
Absent 

V. Fr - Firm 
Absent 

Gradual - abrupt 
112 through B 

89 - 230 
Sapr-olite/Rock (pebbles common nr base) 

8,4 - 35,8 
." ""I - 12,2 "',-' 

40,8 - 85,4 
15,0 - 23,9 
14,8 - 60,5 

1,1 - '")e- -",-..J,~ 

3,6 - 4,2 

1,8 - 48,9 
4 6 - 12,5 

.,."",'~ 

..:>.:.., ... ' - 82,1 
13,1 - 24,4 
10,7 - 51,5 
1,9 - 27,9 

3,6 - 4,2 
1 - 2 

0,19 - 0,73 
16 - 48 
26 - 48 
""Ie-
-'..J - 103 
10 - ~.,. 

-',.) 
10 - 75 

..., ...,." 

..... , .J:. .. ' - 4,46 

GLENROSA 
KANNONKOP/MARTINDALE/SAINTFAITHS 

2A, 8B, 9B, 24F, 340 
Crest ° - 8,5 
All communities 

A B 
23 - 82 48 - 86+ 

5YR 2,5/1 - 10YR 3/2 strong mottling 
Org, Yell, Br-wn, BIl, Grey 

(Abundance) Absent v. Common 
Apedal - Weak STRUCTURE Apedal - Weak 

CONSISTENCE (W) 
CONCRETIONS 

TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 

Friable V. Fr - Firm 
Absent Highly decomposed pebbles 

Abrupt 

& Quar-tz usuallr Qrading 
into sapro ite 

Top of B-horizon 
210 + 

Saprolite/Pebbles/Rock 

9,6 - 44,3 
3,7 - 28,2 

38,7 - 57,3 
2!5 - 14,9 



SAND nOTAL) 
(FINE) 

(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCl) 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 
VEGETATION 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 
MOTTLES (Colou~) 

23.7 - 83,7 
11~8 - 56,0 
0,7 - 32,8 
0,3 - 15,0 

3,6 - 4,2 

20,5 - 51,7 
7,2 - 35,0 
6,2 - 17,1 
0,1 - 7,1 

4,0 - 4,6 

HUTTON 
FARNINGHAM/BALMORAL/HUTTON/LICHTENBERG 

3A, 6C, 27E 
Mid - top 
0-3 
C. validus - D. natalensis grassland 

A B 
75 - 92 98 - 150 

5YR 3/2 - 7,5YR 3/2 2,5YR 3/6 
Yell (v. faint) 

(Abundance) 
STRUCTURE 

Absent 
Apedal - Blocky 

Few (inc~ with depth) 
Apedal 

CONSISTENCE (W) 
CONCRETIONS 
PERMEABILITY 
TRANSITION 
ROOTI NG DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND (TOTAL) 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCl) 

P (ppm) 
POI 
K (ppm) 
Ca 
Mg 
Na 
Al 

.. 

.. 

.. 

S value 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 
VEGETATION 

V. Fr - Fi~m 
Absent 
Rapid 

15,1 - 49,8 
"T .... - 12,3 ->,..:. 

24,0 - 80,0 
11,3 54,8 
7,4 - 57,1 
1 , 5 - 7,2 

3,7 - 4,1 

KATSPRUIT 
KATSPRU!T 

ISB, 22F, 29E 
Bottom 
2 - 7 

Gradual 
140 + 

190 - 240 
? 

v. F~ - Firm 
V. few 
Rapid 

-:r~ ...., - 46,9 ... '--' , .&. 

1,0 - 8,9 
22,0 - 58,0 
9,3 - 41,9 
6,4 - ~'""" -"';'4,~ 

2,1 - 6,3 

4,1 - 5,1 
1 - 2 ° 13 - (l 52 '1"'\'" 1 ,,~, - 4tl 

49 - 141 
78 - 217 
21 - 53 

1 - 51 
2,39 - 8,19 

Seasonal wetland, moist g~assland 



PHYSICAL 
HORIZON A G 
DEPTH 
COLOUR (W) 

47 - 68 
5YR 2,5/1 - 10YR 3/1 

80 - 140+ 
2,5Y 5/2 - 10YR 4/3 

(0) 
MOTTLES (Colour) 

2,5YR 4/0 

(Abundance) 
STRUCTURE 

Absent 
Weak 

CONSISTENCE (W) 
CONCRETIONS 
PERMEABILITY 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND (TOTAL) 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCI) 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 

V. Fr - Mod 
Absent 
Rapid 

12,5 - 18,3 
3,7 - 10,3 

67,1 - 80,8 
17,8 - 54,1 
26,4 - 33,1 
0,3 - 24,3 

3,7 - 3,8 

KROONSTAD 
A'v'OCA/MKAMBATI 

Gradual 
120+ 

135 - 220+ 
Rock 

14B, 13B, 17B, 32E. 370 
Bottom 
0-3 

Various 
Many 

Apedal 
Fr - Shear 
Absent 

Slow 

16,6 - 35,5 
3,0 - 8,3 

58,8 - 77,3 
17,4 - 39,5 
18,8 - 29,7 
0,3 - 25,7 

3,4 - 4,0 

SLOPE 
VEGETATION T. leucothrix - L. simplex grassland & Watsonia 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 

(0) 

sp community 

o 
50 - 86 

5YR 2,5/1 -
2.5Y 2/0 
l(IYR 6/4 

E 
22 - 45 

10VR 5/3 -
2,5Y 0/2 

10YR 8/2 

G 
40 - 150+ 

7,5YR 5/2 -
2,51' 5/2 

MOTTLES (Colour) Oro, Yell, Blk Various 
(Abundance) Absent Abs - few Many 

STRUCTURE Apedal - Weak Apedal . Apedal 
CONSISTENCE (W) V. fr - Firm Fr - V.firm V. fr - Firm 
CONCRETIONS Absent Absent Absent 
PERMEABILITY Rapid Rapid 
TRANSITION Gradual - Abrupt Clear - Abrupt 
ROOTING DEPTH A & E horizons only 
TOTAL DEPTH 115 - 230+ 
C - HORIZON ? 

CLAY 8,4 - 17.6 1,4 - 22,6 3,9 - 21,6 
SILT 1,6 - 10,0 1 , 1 - 11,4 1,2 - 8,6 
SAND <TOTAL> 66,0 - 84,8 60,7 - 93,4 63,6 - 94,3 

(FINE) 19,4 - 51,1 16,9 - 47,2 19,3 - 49,4 
(MEDIUM) 27,2 - 46,0 24,6 - 44,6 25,9 - 47,9 
(COARSE) 0,5 - 21,8 0,3 - 24,9 0,3 - 18,4 



CHEMICAL 
pH (I(C1 ) 

P (ppm) 
PDI 
K (ppm) 
Ca .. 
Mo .. 
Na " 
Al 
S value 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 
VEGETATION 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 

(0) 
MOTTLES (Colour) 

3,7 - 4,7 3,6 - 4,9 
1 - "'" .L 

0,65 - 0,71 

MISPAH 
MISPAH 

26F, 350, 390, 400 
Mid - top 
(I - 3 
Ali communi ti es 

A 
10 - 90 

25 
24 
23 
""0:-.L..J 

85 
2,30 

5YR 3/1 - 10YR 3/1 
5YR 4/1 

(Abundance) 
STRUCTURE 

Absent 
Weak - Apedal 

CONSISTENCE (W) 
CONCRETIONS 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND <TOTAL> 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KC1) 

FORM 
SERIES 

LOCATION 
PIT NO. 
CATENA 
SLOPE 

PINEDENE 
OUWERF 

V. fr - Fr 
Absent 

Abrupt onto rock 
Throughout 

10 - 90 
Rock 

12,2 - 36,4 
5.2 - 12,4 

45,2 - 79,1 
14,5 - 22.1 
19,0 - 31;3 
16,4 - 31,5 

~ / ..,. ..., 
__ ',0 - "", I 

llA, 31E, 380 
Mid - Bottom 
1 - 5 

3,4 -

1 pit .. only 

" 
" 
" 
" 

VEGETATION Seasonal wetlands, moist grasslands 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 

o 
38 - 93 

5YR 2,5/1 -
7,5YR 2/0 

B 
28 - 120 

lOYR 4/4 -
10YR 5/6 

G 
30 - 50 

lOYR 6/4 -
2.5Y 8/4 

4,6 



(0) 
MOTTLES (Colour) 

10YR 4/1 

(Abundance) Absent 
STRUCTURE Apedal - Weak 
CONSISTENCE (W) Fr - V. Firm 
CONCRETIONS Absent 
PERMEABILITY Rapid 
TRANSITION Gradual -
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND <TOTAL> 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCI) 

P (ppm) 
PDI 
K (ppm) 
Ca II 

Mg II 

Na II 

Al 
S value 

BEREA TYPE SANDS 

LOCATION 
PIT NO. 
CATENA 
SLOPE 

14,5 - 23,4 
8,9 - 10,1 

60,3 - 70,7 
14,8 - 17,7 
26,0 - 26,5 
19,3 - 26,9 

3,6 - 3,7 

6B, 7B, 23F 
Mid - crest 
2 - 12 

10YR 6/4 

Absent 
Apedal 

V. Fr - Firm 
Absent 

Org, Brwn 
Many 

Apedal 
V. Fr - Firm 
Absent 

Rapid 
Clear Gradual 

110 
130 - 180+ 
Saprolite 

19,7 - 28,7 
5,3 - 12,3 
5§,~ - 75,0 
L:., ,~, - 20,6 
23,2 - 27,0 
18,8 - 28,8 

3,6 -
1 

3,8 

0,36 - 0.53 ...,..,. 
..:....:> - ""0:-

L..J 

24 - 36 
23 - 57 
24 - 36 
69 - 106 

2,30 - 2,80 

20.0 -
7~2 -

65,6 - 68,6 
21,5 - 25,8 
1~,8 - 34,7 
1..:..,4 - 23,0 

3,4 -

VEGETATION T. leucothrix - L. simplex or T. triandra - C. 
asiatica grassland 

F'HYSICAL 
HORIZON A 
DEPTH 15 - 80 
COLOUR (W) 
MOTTLES (Colour) 

5YR 3/2 - 10YR 3/2 

(Abundance) 
STRUCTURE 
CONSISTENCE (W) 
CONCRETIONS 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND : TOTAL> 

(FINE) 
(MEDIUM) 
(COARSE) 

Absent 
Apedal 
V. Fr 
Absent 

8,7 - 15,1 
1,7 - 3,3 

79,9 - 87,1 
15,6 - 57,3 
28,5 - 57,1 

0,1 - 7,2 

Gradual 
Throughout 

220+ 
? 

B 
12(;+ 

2,5YR 3/6 - 2,5YR 
Yell, Brwn 
Rare/Faint 

Apedal 
Fr- - Fir-IT! 

Absent 

11,4 - 46,9 
1,0 - 4,5 

47,4 - 85,2 
12,4 - 53,0 
~o:- ..,."" 4o.w.8 - --'''4,3 
0,1 - '"' .., L, I 

4/6 



CHEMICAL 
pH (KCl) 4,1 - 4,4 

UNDEFINED (CONSTANTIA?) 

LOCATION 
PIT NO. 
CATENA 

12B, 21F 
Bottom 
0-2 

4,1 - 4,4 

SLOPE 
VEGETATION T. triandra - C. asiatica grassland 

PHYSICAL 
HORIZON 
DEPTH 
COLOUR (W) 
MOTTLES (Colour) 

(Abundance) 
STRUCTURE 
CONSISTENCE (W) 
CONCRETIONS 
TRANSITION 
ROOTING DEPTH 
TOTAL DEPTH 
C - HORIZON 

CLAY 
SILT 
SAND (TOTAL) 

(FINE) 
(MEDIUM) 
(COARSE) 

CHEMICAL 
pH (KCl> 

Upper 
60 - 92 

5YR 2,5/1 

Absent 
Apedal 
V. Fr 
Absent 

Mid 
48 - 70 

10YR 2/2 - 3/2 
Yell, Brwn 

Medium 
Apedal 

V. Fr - Fr 
Absent 

Gradual - Clear Clear 

9,9 - 17,6 
7,0 - 10,8 

76,2 - 77,6 
39,5 - 57,2 
14,1 - 31,8 
4,9 - 6,3 

3,9 - 4,0 

55 - 110 
220+ 

? 

17,6 -
3,8 -

65,8 -
37,2 -
12,6 -
3,4 -

4,0 

24,8 
5,4 

74,1 
48,8 
33,5 
4,7 

Basal 
70+ 

10YR 4/6 - 6/6 
Org, Brwn 

Few 
Apedal 

V. Fr - Firm 
Absent 

·7 '"' .... '1 ,.L - 26,2 
7 7 - 6,7 "', .. ' 

64,9 90,5 
39,7 - 46,7 
11,4 - 41,7 
2,1 - 13,7 

4,1 - 4,3 



Appendix ., 
...:.. Classification results from the TWINSPAN program 

SPECIES 

Eriana. traun.i IftUI 

Silyr.ftthul vir"hll 
5 .. KID uribili. 
Hili ("rYlul ,ri II'UI 
S,neolo.tllon p.,.ilollo. 
',phrolil knunina 
Rolhan ... , 
IlIraltia ., 
&oid .. notlillor. 
Sni di a .,rli loli. 
Call1l.,iI hurHh 
Cloth hirs.h 
Ttphralil II 
Holtro,o,Oft e ... torl.1 
AlcI." ... , 
PI"int nahl.nll 
Ur,I,!,o. a"oPlroi dn 
Ch,u". concinnul 
ScI"iI bolbil"a 
8.,th"a •• bollata 
S"th.,a .,,, .. :. 
C"h.h,;' ~lon"IoIi. 
P,ntani.i. "o.,lIoidtl 
Hypo.i •• , 
MYPOIII ,atpinii 
Rhyneho.i. toth 
Stnrcia ,llb,rruu. 
Ih."d. Iri.ndr. 
Trillaeh,. I .. colhri. 
Mihon .. d.ftlj II au 
AI."d .. lon9iloli. 
AllohropllI .1I .. lata 
Pfucrd.nul n.hltn .. 
Alhrlli. phylicoidtl 
CUll I COlOSI 

5cablOli eolUibari. 
Cy.nttil sp.ciau 
Sch,u .. ,reto.ata 
SUlcio bup. turoid" 
M,lieh'l' ••• , 
loud.til liaph. 
Prolll .i .,111 
5 •• Ki.ol,riiI0Iio. 
S.nKiD ., 
l.t ..... i. ,.Iehrl 
Th'SlUI jUftClUI 

Tr"." ...... ,iut.1 
IIin tralill 
Illtodiu. drt,'IIIUI 

E.I.,hil ., 
C.olat.,ia ,I Mil ... 
Iritonl. di.llcha 
V" ... i •• Ii,.ctp •• 1a 
Ashr '.k"ianul 
Holie'ry.o. , ••••••• 
h.,ah. ICorbicuh. 
I.di,ol" a h.1i ,i ata 
Stach, •• ,'''U •• 
Sit ... burchllii 
AIUI.thul IiDlI"" 
Itdo. aboul •• 

, .. b"a " 
Alret .. ,,"ilillor. 
to.HIi ••• otItih 
C,p .. u. abh.illor .. 
Ophrnli. obl .. ,iloll. 
",p •• iI Iililor.is 
Ntliehr,.o. ,i1."II.idn 
S'ftttio lfuhlUftl 

Aulypha ,unchll 
tUlh .ilosoid" 
ii., ••• i' ... . 
lihollr., ...... .,Irel ... 
Euhli •• ill ••• 
Eu,horbi •• t,i.1I 
&nidi. ,.I,.tach,. 
",h.lh •••••• np"IU' 
."i,.,,,. hilari. 
A.I.o., ..... htrhct •• 
I.unb .. ,h .Iri,litil.lh 
Nt Ii CM ,.0. .pp •• di c.lal •• 
AlIi Id, • .,di •• "ropbi Ia 
Ihillo. nl .. in 
D.ltos,., ••• iobrluh. 
1.I'i., ., 
A,o,. "phr,.i. 
O .. liI ., 
ltd .... ril tt •• lull 
hnicua nquinn. 
C,.bop .. " .. 1i4 .. 
S.la,o h,uopiloli. 
Oi ,i I., i ••• htt •• i. 
~ •• I II ,1 ..... 11 
Ar"r.lobi •• h.rn' .... 
E"."II uli, ••• 
h,lla.lh •• p 
'cltrll otla ••• phlla 
•• t .. i •• phlCthll 
i .. ,bo. IDIt,riloli .. 
: •• '."01 .. crn.i,,, 
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Appendix 3. Rowand coloumn contributions from the Correspondence analysis program 

ROW CONTRIBUTIONS 

NA"E liLT "AS INR .=1 COR eTR .=2 COR CTR 

1 Altitude lill 999 297 342 -351 748 369 203 251 llO 
2 Slope Isil 605 5 5 129 112 1 -269 493 10 
3 Soil depth Isdl 976 188 139 -130 158 32 -295 918 411 
4 Conductivity Icol 1000 349 420 406 958 5B2 85 42 63 

tJ 5 pH 924 7 2 -93 175 1 -191 748 7 {fl 
I fl 6 Sind luI 873 120 67 -61 47 4 -257 826 199 

7 Chy (cal 317 34 25 -179 306 11 -33 II I 

COlU"" CONTRIBUTIONS 

J 

I T. triindra - C. isiitici (TCI 986 110 264 423 519 198 -401 468 447 
2 T. leucothrix - L silph. IlU 922 104 121 -345 714 125 -186 207 91 
3 T. leucothrix - A. phylIicoides (TA) 980 128 158 -401 912 208 -110 68 39 
4 F. costati - A. setosi IFA) 992 181 91 116 196 24 239 796 261 
5 S. vulgaris - A. cilvi (SA) 982 156 79 262 958 108 -41 23 7 
6 C. Yilidus - D. natalensis ICo) 946 128 196 -452 931 264 59 16 11 
7 A. junciforlis - H. CylOSUI IAHI 992 J92 92 193 543 72 173 438 145 
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Appendix 4.1. Stanrling crop (g m-
L

) at the T. lellcothrix - L. simplex site 

ORI[ 
IR[RIMHI 1~85 1996 1987 

Rug Ser Del Nov Ote Jan feb Mar Rpr Mav Jun Jul Rug Sep Oct Hov Dec Jan feb Mar Apr May Jun 

- Phyiotl11ss i 8.9 18.6 66.6 107.8 119.1 175.2 181.6 232.9 162.5 123.8 116.1 68.8 91.3 91.2 102.0 - 8U 103.1 153. Z 119.5 105.1 - 93.0 
G S[ 0.8 3.8 Z.O 3.9 11.1 9.3 33.6 36.6 11.7 12.8 8.9 8.3 9.1 8.0 20.9 Ito ZO.5 71. 2 16.9 11.1 11.7 
P- - HeCr0l'l.1S5 i 2.9 7.2 20.2 21.8 39.2 16.8 75.6 103. 6 132.1 91.2 118.5 119.8 231.0 200.1 178.1 - 87.7 m.3 7.10.9 193.1 116.2 - 128.1 
R sr 1.1 1.0 1.1 5.6 6.7 9.2 11.1 11.1 16.6 21.7 13.3 10.0 8.1 12.9 29.1 7.8 ItO 18.2 21. 0 2U 20.1 
7. - lithr x - _. 12.1 5.5 10.1 11.3 15.9 13.B 22.6 36.3 17.0 '10.2 32.7 33.5 - 1J.Z 56.1 66.2 79.1 56.0 - 93.0 
f 5£ 2.0 0.8 2.0 2.5 3 .. , 1.9 Z.S 3.9 b.Z 1.2 3.9 2.1 5.9 6.7 5.7 7.7 6_0 9_ 9 
0 - T alai i 11.8 55.8 06.8 151.9 16'1.0 232.1 m.5 352.3 308.6 210.6 300.9 265.6 355.1 327. 3 313.6 216.5 296.8 130.3 121.7 307.6 - m.o 

~J S[ 1.1 1.6 2.3 10.1 lfi.B 17.1 16.2 11.9 21.8 
&! 

32.9 18. B 22.2 16.0 16.9 51. 0 25.1 31.7 65.1 11.9 35.2 11. 0 

U - Phylot'l<15S x 8.B 65.5 89.9 132.0 223.9 m.1 213.7 . 253.2 178.2 132.6 128.9 106.2 92.8 106.7 128.8 - 111.3 117.1 13C.7 110.9 12U.2 - 107.0 
H S[ 1.3 5.2 0.0 0.1 23.5 17.7 32.1 19.1 15.5 20.3 9.1 6.2 11.6 15.1 12.9 17.6 15.5 12.2 17.0 7.9 15.3 
G - HtCrotl1l35 i 3.2 6.1 2U 19.9 iO.O 60.3 80.6 112.1 12B.6 110.B 201.9 199.5 261.1 110.0 193.0 - 125.7 122.6 165.3 179.9 137.8 - 190.3 
R S[ 0.3 0.1 9.6 Z.3 2.7 0.7 13.5 13,3 9.1 30.0 16.7 23.1 20.0 30.1 26.1 18.1 ~2.2 22.7 29.5 11.9 38.1 
R - li Her i - - - 11. 0 1i.8 10.5 13. 7 29. Z 21.6 19.5 26.1 16.9 50.8 52.1 5~. 9 - 53.8 50.2 65.6 62.2 71.1 - IOU 
l S[ 3.7 1.1 2.7 19.2 5.9 5.0 1.1 3.1 6.5 11. 8 6.0 11.7 5.1 1.7 8.7 5.1 1.0 11.6 
[ - Total 'x 12.0 11. 9 111.2 163,0 no. 8 293.2 368.0 121. 6 328.3 262.9 360.2 351.6 101.7 369.2 267.7 - 193.0 286.1 369.7 383.1 329.1 - 389.1 
0 Sf 1.1 5.2 13.1 10.1 22.9 7.6.7 12.8 33,S 22.9 15.9 25.3 25.1' 32.0 56.6 33.6 35.5 31. 5 35.5 12.7 20.6 i7.9 

r - PhylOMs~ i' 105.0 10Z.1 93,1 105.9 112.6 117.0 177.9 175.9 159.3 90.1 69.0 73.9 72.0 71.7 95.0 - 92.0 61. 0 123.9 109.9 98.0 - 101.6 
0 S[ 2.0 10.0 2609 19.6 25.1 0.0 15.9 17.9 11.3 11.9 13.1 10.0 0.1 11.3 11.7 10.1 8.9 8. , 10.2 1.1 2.7 
H . HecrOMss -; 311.7 359.7 m.3 m.6 311.7 218.0 318.5 210.0 371.2 132.2 270.1 399.1 HZ.7 363. 5 313.1 - 198.0 121.0 193.5 lRO.1 151. 0 - 185.1 
I Sf 15.2 61.1 13.7 19.6 39.7 H.7 32.1 10.0 37.1 SUi 76.9 53.3 26.5 66.1 67.1 27.8 12.0 19.3 21. 7 19.3 20.0 
R - Litt~r -; 659.0 897.1 609.7 515.1 531.2 593.1 536.3 173.2 125.1 163.0 538.0 168. & 359.7 391.9 501.0 - 156.9 378.0 21C.3 313.2 315.0 - 316.1 
0 S[ 70.9 79.9 50.5 37.8 15.8 19.0 35.0 77.2 39.0 33. 9 11.0 39.1 21.1 15.7 29.3 55.7 26.Z 19.5 35.8 31.0 21.1 
L lolal i 1071.9 1358.9 1066.1 1021.5 988. i %9.0 101i2.6 989.0 955.9 725.6 877.5 931. & 973.1 9Z0.1 999.0 - 716.9 560.0 565.7 m.7 591.0 - m.9 

S( 79.6 119.2 77..0 63.8 R5 61.0 22.9 111.0 90.7 78.7 81.2 50.3 32.5 111. 0 66.9 11. 0 22.9 31. 5 16.7 11.3 29.5 
-
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Appendix 4.2. Standing crop (g m-~) at the C. validus - D. natalensis site 

Or.J£ 1987 
IRlRlnrHI 1985 1996 

Rug Sep Ocl Nov Del; Jan feb Mar Rpr May Jun Jul Rug Sep Oct Hov Dec Jan frb Mar Apr .-
- PhytOllilss i 7.2.0 10.5 67.3 99.3 131.9 250.8 235.2 196.1 201.2 m.1 118.2 87.9 0'1.6 87.1 151.3 139.6 161.6 I7U.7 3~U lSI.9 2fi2.9 

6 S[ 3.7 1.0 0.9 It 5 17.0 29.9 30.0 12.1 21.3 7.3 8.1 10.1 19.3 0.9 11.1 19.9 15.9 32.6 6~.& O. L 19.9 
~ - Hecr0l\'l55 i 10.6 19.0 61.2 61.2 611. 7 IOU 127.1 155.3 1%.9 115. (, 266.1 339.9 33B.O m.o 311. 0 311.6 362.6 119.2 319.1 103.9 110.7 
R S[ 7.3 7.7 16.6 10.0 6.0 10.0 17.3 21. 8 16.2 9.1 12.2 21.3 2b.1 27.1 30.5 H.3 51.2 56.5 19.1 16.0 18.9 
l - litter i - - 11. 0 - 22.6 11.6 23.8 25.3 26.6 25.3 13.1 52.1 16.7 5U 50.9 60.0 59.0 70.2 101.2 09.8 00.0 
r S[ 3.5 2.8 9.9 1.8 6.0 5.0 2.7 1.0 7.9 5.0 7.5 8.3 8.6 0.1 11.7 11.2 16.3 b.6 
0 - Iotal i 63.1 99.6 115.1 163. 5 m.1 369.9 286.1 371.0 m.o 295.0 m.7 179.9 m.1 153.5 175.3 519.3 586.2 65'1. Z 767.9 715.5 m.6 

S[ 7.9 U 23,6 22.1 lS.2 3:1.7 10.1 61.1 10.9 17.0 17.5 25.9 18.3 30.2 24.6 65.1 70.2 90.S 82.7 53,3 5'1.8 

U . PhVtt~5S i 30.2 '/6.5 81.2 126.7 20'/.1 266.5 295.3 266.1 197.1 1%.6 112.1 81.3 88.7 123. '1 163.1 129.6 166.7 193.0 293.9 267.0 265.5 
H S[ 3.8 7.3 5.1 13.0 8.9 21. 5 19.6 33.9 36.7 11.7 13.9 9.2 5.1 S.1 2U 11.3 22.3 10.7 76.1 12.0 Ifd 
6 - HeCn.,as5 x 28.2 26.9 33.2 11. 0 51.7 100.0 111.9 139.6 m.o 211.9 268.1 359.1 165.6115.1 323. Z 25&.1 332.6 119.5 117.5 m.o 302.6 
R S[ U 5.7 6.7 3.1 5.9 11.2 9.0 17.6 9.6 21.2 21. 8 22.8 18.1 16.1 35.0 18.1 16.6 75.2 66.1 85. I 30.5 
R - litter x ." - 13.1 - 16.9 17.6 1B.2 28.0 26.3 33,1 61.5 51.9 33.2 50.5 29.1 5U 58.6 12.6 62.8 105.8 109.0 
Z S[ 3.S 7.5 1.7 1.1 10.2 11. 0 7.6 15.2 11.1 5.2 7.0 7.1 8.1 7.2 13.5 3.3 17.6 11.'1 
[ - lolal i ~8. 3 103.1 130.9 167.7 l7II.8 391. 9 125.1 132.6 116.7 111.9 175.3 195.3 587.6 59'1.6 526.1 139.2 5S'l.9 68S.1 BUt! 761.7 '/5'1.2 

I 
0 S[ 8.1 8.9 6.9 13.7 12. S 20.8 25.8 55.8 51.7 12.2 19.0 28.8 n,1 21.1 62.8 20.8 72.1 125.7 136.7 m.o 11.9 

, 
, 

[ • PhytOMil5S x 163.6 132.1 121.9 - 280.7 220.7 290.7 213.8 266.6 176.6 168.3 111.1 91.7 151.1 IOU 21U.1 m.6 211.2 111. 8 118.1 2BC.1 
0 S[ lU 27.5 8.9 31.9 23.& 11. 6 51. 5 31. 0 30.9 21. 5 11.7 8.7 23.1 7.2 58.3 15.8 19.6 7.5 56.2 60.9 
H - HecrOMass x 622. 0 S50.8 686.6 - 6ll.5 173.1 373.1 568.8 %1.8 11B.6 113.1 621.9 128.1 780.6 755.2 722.6 'l30.1 629.5 555.7 707.2 158.5 
I $[ 53.1 99.9 90.6 113. 3 35.7 11. 8 %.6 39.3 08.2 53.0 19.6 82.7 39.1 61.1 138.9 88.1 133.1 IOU 136.8 9f.i.7 

R - lilttr "i 182.0 231.2 263.2 - m.7 185.9 190.8 222.9 213.0 m.B 199.2 216.0 206.9 m.l m.1 2%.1 '291.8 302. Z 198.S 26C.3 m.s 
0 S[ 27.2 19.5 1S.7 111.1 211.3 27.1 50.0 ZO.3 5.8 17.9 36.7 1'1.0 11.5 15.9 20.9 23.9 16.7 6U 38.6 35.0 . 
l - lotal i' %7.7 911.1 1071.? - J 11 'I. 8 879.6 851.8 1035.1 972.2 915.2 880.9 1015.0 1029.7 1266.1 1262.0 1259.1 1259.9 1115.9 1196.0 1121.0 1010.1 

S[ 'i3.5 139.2 63.1 11/1. Z ~9.1 56.7 lH.6 59.9 99.7 93.0 11.2 89.0 55.1 82.B 209.0 111.6 146.7 152.5 223.5 132.6 

-
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Appendix 4.3. Standing crop (g m ~ at the T. triandra - C. asiatica site 

Dm 
TRERTr[HT 1986 1967 

Jun Jul Rug Sep Oct Hov Der Jan feb liar Apr nay 

C - PhytOl\ilss i 81.5 123.B 133.1 88.1 - 152.4 112.2 - 221.1 190.8 175. ~ 187.0 
0 SE 9.1 15.3 20.1 15.9 25.7 2'/.0 21.1 33.0 28.6 18.6 
H - HecrOllOss x 306.1 282.7 36to 275.5 - 306.1 363.8 - 301. 2 305.2 338.7 503.5 
i SE 17.1 38.9 ~1.Z ZU 22.6 37.3 2S.Z 37.0 10. Z 27.1 
R - II tter i lS7.5 289.2 195.6 375.9 - 2£Z.6 121. B - 3ZU 36U 327.2 158.2 
0 SE 33J 15.0 21.1 13.5 11.8 2U 22.1 25.7 7.5 1S.1 
L - T otaJ x 578.2 695.7 692.7 139.5 - 721.0 e97.9 - 816.8 860.7 81U 1116.7 

SE ~9.5 65.0 ~U 23.9 35.6 69.0 13.8 77.8 61.0 87.0 

:58 



Appendix 5. Absolute mass, and percentage loss from the litter bags at 
all three sites 

SIiE SPECIES DATE 
Oto9.95 08.01.8t OS.OU6 21.06.86 12.09.86 19.12.86 28.flU7 
InItIal /\ass 1m MSS 1055 /\ass loss /\ass loss /\ass loss IIiISS loss 

/\ass (g) (%) (9) m (g) (%) (g) m (g) m (g) m 

C. val1dus x 10.0U 1.70 53.00 t 13 55.67 t07 59.30 tOO &0.00 3.50 65.00 2.53 76.00 
SE 0.15 1.53 0.03 0.33 0.03 0.33 0.15 1.53 0.10 1.00 O.~ 5.29 

D. natal tnsi s x 10.00 t 70 53.00 1. 03 59.61 3.70 63.00 3.90 61.0U 3.63 61.00 3.30 67.0U 
S[ 0.12 1.15 0.12 1.20 0.55 5.57 0.12 1.15 0.15 US 0 . .,0 U~ 

L villosa x 10.00 1. 93 SO. 67 1. 83 51. 67 U355.67 3.93 60.67 t1356.00 3.20 b8.0U 
S( 0.09 0.88 0.12 1.20 0.19 l.B6 0.18 1.76 0.18 1.76 0.16 UZ 

T. leucothrix- L. slrlplex x 10.00 U351.67 1.20 58.00 1.03 59.67 3.93 60.67 1. 03 60.00 3.53 65.00 
L. SiMplex SE 0.13 1.33 0.21 2.0S 0.09 0.88 0.12 1.20 0.09 0.72 0.22 2.19 

T. triandra x 1. 50 l. 03 55.00 1,r1 56.30 1.53 65.67 1.50 66.67 1.23 73.00 0.73 81.00 
SE 0.03 1.00 0.12 2.73 0.07 1.67 0.06 1.15 0.12 2.73 0.07 1.67 

1. leucothrix T 10.00 U"l50,30 1.53 51.67 1.23 57.67 U353.67 1.13 5~. 00 3.E3 6Z.00 
Sf 0.03 0.3~ 0.18 1.76 0.09 0.88 0.03 0.33 0.07 0.67 0.07 0.67 

Ui re grasses r: 5.00 3.53 29.30 3.33 33.30 3.33 33.30 3.33 33.30 3.103B.OO 2.57 19.0e 
Sf 0.17 3. 33 0.23 t67 0.03 0.67 0.07 1.33 0.23 1.62 0.29 5.81 

[, validus x 10.00 1.56 SUO t2357.67 3.70 63.30 3.76 62.30 ~.67 63.30 3.1U 66.00 
S[ 0.07 0.67 0.12 1.20 D.30 0.33 0.07 0.67 0.07 0.67 0.12 1 1" ,. ,~ 

D. natal enm X le.OC 1.37 suo tG3 59.67 3.17 65.30 3.90 61. 00 3.1U &1..00 2.10 76, OU 
S[ 0.07 0.67 0.09 0.88 0.13 1.33 0.00 0.00 0.25 2.52 0.21 2.m1 

L villosa x 10.00 UO 51.00 1.17 55.30 3.10 66.00 3.9061.00 1. 2U S8.00 Z.9O 71.00 
SE 0.00 0.00 0.09 O.~ 0.75 7.55 0.36 3.61 0.12 1.15 C.3D 3.0Q 

C. validus - L. sllllllex i 10.00 1.675UO 1.27 57.30 3.77 6L.30 1.20 58.00 3.73 61.00 2.27 77. 30 
D. natalensis ~r 

J~ 0.12 1.20 0.03 033 3.52 3.52 0.00 0.00 0.29 2.65 0.11 U6 
IT. triandra x 1.50 1.80 60.00 1.53 66.00 1.20 73.30 0.97 78.67 1.30 71.00 0.5787.30 

cr 0.0£ 1.15 0.03 1.00 0.06 1.~5 O.Z~ 5,35 0.0£ 1 Ie C.12 2.13 J .. I •• .,. 

r. leucothrix ! 10.00 1.73 53.6'/ 1. 70 53.0U t23 57.67 UO 58.00 U757.30 1.878UU 
S[ 0.03 0.33 0.06 0.58 0.03 0.33 0.15 1.53 0.33 3.03 0.15 1. ~5 

Ul r t grasses T 5.00 3.60 Z8.00 3.13 31.30 2.9311.30 3.20 36.00 2.13 51.30 2.0058.67 
S[ 0.00 O.OD 0.09 1.76 0.07 1.33 0.23 tb2 0.58 1. 06 C.21 2.91 

t. validus y 10.00 1.5751.30 UO StOll 3.93 60.67 1. on 60.00 3.57 61.00 Z.7? 72.30 
S[ O.O? 0.67 0.15 1.53 0.17 1.67 0.06 0.58 0.07 0.67 0.39 3. S3 

fl. nata1~r.slS ! 10.00 U356.67 3.9U 61.00 2.9U 11.00 Btl 6'(.00 3.33 (,7.00 1.6'( 83.3u 
SE 0.12 1.20 0.21 2.08 0.51 5.13 0.10 LOU 0.22 2.1S 0.28 2.BS 

L villosa i' 10.00 1.90 51.00 1.63 53.67 1.20 58.00 1.10 59.00 3.60 6UO 0.10 %.00 
SE 0.06 O.SS C.03 0.33 0.12 1.15 0.12 1.15 O. i7 1.73 0.25 2.52 

1. tnanora - L sl"plex r 10.00 tSi 51.30 U7S5.30 3.7'1 6UO 3.87 61.30 3.7D63.00 2. ft 75.30 
C. amhca SE 0.23 2.33 0.03 0.33 0.09 0.69 0.12 1.20 0.1 Z 0.89 0.03 0.33 

T. triandra i t50 2.03 sue 1.63 63.5'/ LbO 61. O!l 1.20 73.3IJ O. n 83.67 0.17 9C.67 
5£ 0.07 1.67 0.07 1.67 O. DC 0.00 O. Of 0.58 0.D3 0.67 0.15 3.19 

1. leucotnnx i 10.0C 1.87 51.30 U? SUO 1.27 SUO t 10 56.Cu 3. £3 6Z.3D 3.806Z.0i! 
Sf n.o3 0.33 0.12 1.20 0.13 1.33 0.10 1.00 D.ZO 2.60 0.25 2.S2 

~1 r': g"a:::::r5 j' 5.00 3.672U·( ~. 33 33.30 3.23 35.30' 3.10 1UO 2. ~3 ~1. 30 2.87 12.67 

! 
0-J, 0.09 1.7£ 0.03 0.67 n. Z~ 5.70 0. 15 5. H' C r:' U? O. 7' 1~. 11 

::'59 



"J.pefldl >( 6.1. Her-hi vary and species pn?fenmce ratios for the T. leucothr-ix -- L. simplex community (al] values othet-

than PH "we per-centages) • Continued over the page. 

AREA BURNT 1985 AREA BURNT 1985 
SMf'll NG DA IE SEPTU8ER 1985 DECE"8ER 1985 APRIL 1986 June 1986 Sept'lb.r 1986 
SPECIES PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR 

Alloteropsis lelillit. 18.34 0.59 3.30 0.18 19.50 1.16 19.66 1.01 20.87 0.68 12.11 0.58 19.67 0.82 10.85 0.55 18.01 0.57 10.85 0.60 
Arlstid. junciforlis 0.17 18.00 2.61 15.35 
CteniUI concinnul 0.44 8.16 1.10 1.54 1.81 2.22 3.49 1.93 1.82 0.04 0.05 0.03 1.62 2.32 0.38 0.93 0.40 
Cyperus obtusiflorus 0.23 1.91 0.13 0.57 2.08 1.20 0.86 1.03 0.34 0.37 0.36 
Digiatria littoralis 0.06 0.08 0.08 1.45 0.10 1.25 
Digltaria natalens;s 0.04 6.05 0.25 6.25 
Dihp.tpropogon alrlectans 5.92 0.66 1.20 0.20 0.93 3.'15 3.38 3.63 2.04 0.32 ·0.55 0.27 3.27 0.81 1.78 0.54 2.39 0.22 0.56 0.23 
flio"urus Iuticus 
(broad-leaved varilnt) 
Eragrostis capensil 1.57 2.60 1.47 0.94 
Eragrostis innolaena 0.15 4.42 0.57 3.80 0.19 16.86 2.73 14.37 0.70 5.87 2.76 3.94 0.39 40.92 16.87 43.26 
£,agroltis plana 
Eulalia villoSi I. 95 5.49 3.27 1.68 2.35 0.69 1.41 0.60 3.30 0.62 1.74 0.53 2.29 0.27 0.42 0.10 2.12 0.18 0.40 0.19 
Fl'stucl coshh 0.23 0.17 0.12 0.52 
Fi .bri st yli s sp 0.20 0.37 0.06 0.30 
Harpechlol falx 0.20 
Heh·r opoCJon contortul 1.89 15.50 8.96 4.74 2.98 2.21 5.73 1.92 3.54 1.41 4.25 1.20 3.57 5.59 13.42 3.76 4.74 1.19 5.96 1.26 
Loudetia silplex 1.13 15.21 5.25 4.65 4.26 0.19 0.70 0.16 5.63 0.26 1.24 0.22 4.51 0.71 2.15 0.48 4.36 0.01 0.04 0.01 
"onocYlbiul cerpssiforle 
Panicul e(klonii 2.03 3.51 2.18 1.07 0.25 1.44 0.32 1.29 0.78 0.41 0.27 0.35 1.09 0.20 0.15 0.14 0.46 0.04 0.02 0.04 
Panicu. natalensis 
Paspalul seorbiculul 0.42 4.90 0.79 1.89 0.20 0.26 0.04 0.20 0.21 5.33 0.92 4.52 0.30 19.05 3.85 12.83 0.09 6.25 0.59 6.56 
Seleria bulbi'era 0.50 3.23 0.50 1.00 5.49 0.19 0.90 0.16 0.66 2.30 1.30 1.97 0.79 0.05 0.03 0.04 1.23 
Seleria lelanolphylll 0.37 2.~7 0.93 2.24 0.48 0.52 0.53 0.19 0.35 0.63 2.93 1.97 3.ll 
Sl'tarll spharelat. 0.24 0.80 0.17 0.71 0.52 14.58 6.47 12.44 0.39 34.47 9.04 23.18 0.21 14.53 3.22 15.33 
~porobDlus eentrifugus 0.74 7.47 1.69 2.28 0.27 9.44 2.22 8.22 
Sporobolus afrjcanu5 
Thl!uda triandra 7.78 5.32 12.65 1.63 3.00 1.50 3.91 1.30 1.77 0.62 1.02 0.58 3.31 1.95 4.34 1.31 2.98 0.77 2.42 .O.BI 
rrirhypogon spiratu5 0.79 8.80 2.12 2.68 4.3B 0.42 1.60 0.37 ~.74 0.76 3.73 0.&5 7.21 3.29 15.95 2.21 &.B2 1.77 12.75 1.87 
Trista(hy. Ipurothrix 26.24 3.20 25.67 0.98 28.1& 2.04 4B.94 1.77 27.92 2.22 52.8~ 1.89 21.43 1.94 27.95 1.30 24.79 0.85 22.27 0.90 
IIrl.'ylptrul agropyroides 1.00 0.50 0.15 0.15 2.88 1.0l 2.58 0.90 4.00 0.31 1.06 0.27 ~.08 0.l9 l.l3 0.26 5.08 0.51 l.08 0.61 
llirp gnssps 28.20 3.43 29.57 1.05 20.42 0.14 2.49 0.12 19.04 0.43 6.97 0.37 23.46 0.36 S.68 0.24 22.31 0.74 17.45 0.78 
Others 0.63 0.30 O.IB 0.09 0.02 



npppndi >: 6.1. Continued 

BURNT 1985 AREA BURNT 1985 AREA BURNT 1986 AREA BURNT 1986 
SAftPLlH6 DATE Dlulblr 1986 April 1987 SEPTE"BER 1986 DECEItJER 1986 APRIL 1987 
SPECIES PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAlED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR 

Alloteropsis 5111.I.t. 14.29 0.20 16.47 1.15 15.47 1.96 24.62 1.59 37.17 9.32 41.89 1.13 24.31 9.92 32.37 1.33 24.01 2.96 40.11 1.67 
Aristid, juncifor.is 
Ctlniu. concinnu. 1.75 I. 78 0.89 2.08 0.22 0.25 4.71 3.22 2.04 0.43 3.11 0.75 1.31 0.42 
CYPlrus obtusiflorus 0.80 0.53 0.43 1.54 0.08 0.19 3.29 0.20 0.09 0.03 1.95 0.52 0.57 0.29 
Digiatri. littor.lis 0.02 4.94 0.06 l.OO 
Digitari. natalensi, 2.02 10.53 2.57 1.27 0.06 21.68 0.73 12.17 
Dihlteropogon atplectans 2.71 3.n 0.16 0.48 0.13 3.68 0.83 0.37 0.10 2.53 0.52 0.18 0.07 2.22 0.80 1.00 0.45 
flionurus tuticus 0.02 3.00 0.05 ,2.50 1.91 4.18 0.96 0.50 1.01 0.36 
(broad-leaved variant) 
Eragrostis capensis 0.05 0.10 38.00 3.09 30.90 0.76 &.19 0.57 0.75 0.12 9.95 0.1& 1.33 0.04 3.88 0.09 2.25: 

I Eragrostis innOlaen. 0.36 0.29 0.58 1.61 0.19 40.30 6.22 32.74 
Eragrostis plana 0.01 63.00 0.51 51.00 0.12 0.87 0.01 O.OB 0.23 11.27 1.4& 6.35 
Eulalia villos. 1.46 2.02 1.28 2.10 1.04 2.44 3.72 1.10 0.45 5.75 1.56 1.20 0.21 7.51 0.31 1.31 0.17 
Fl!Stuca (oshh 2.65 34.36 11.01 4.15 0.06 7.84 0.06 1.00 
n.bristylis sp 0.34 
Harpechloa hlx 0.03 83.00 1.41 47.00 
Heteropogon contortus 3.15 0.09 l.bO 0.51 0.B2 6.84 4.55 5.55 I. 79 3.57 0.77 0.43 5.74 6.90 5.32 0.93 6.29 0.4B I.Bl 0.29 
Loudetia si.plel 4.33 0.02 0.52 0.12 6.56 0.02 0.11 0.02 0.34 3.26 0.13 0.3B 2.9& 1.24 0.49 0.17 2.86 
Konoey.biu. ctrtssifortt 0.12 31.66 3.09 25.75 
Panicu. eeklonii 1.30 0.02 0.17 0.13 0.65 0.87 0.46 0.71 0.08 0.43 0.98 1.53 0.20 0.20 
P.nicu. natalenlis 0.21 52.20 1.47 7.00 
Paspalul scorbiculu. 0.05 0.29 26.76 6.30 21.72 0.19 3.34 0.08 0.42 0.45 1.57 0.10 0.22 0.97 2.94 1.&1 1.66 
Seleria bulbi fIr. 2.20 0.03 0.40 0.19 1.77 3.23 0.53 0.23 0.07 0.47 
Seleria .elanotphylla 0.59 1.02 3.45 5.85 1.40 0.01 0.64 0.81 0.07 0.11 1.04 
Setaria sphae,lata 0.21 4.19 5.07 24.14 0.08 1.90 0.12 1.50 1.00 38.00 4.59 4.59 0.03 ,4.85 1.39 46.33 
5porobolu5 centrifugus 0.11 0.55 7.58 0.50 0.91 0.17 12.92 0.30 1.76 
5porobolu5 africanu. 0.13 16.23 1.59 12.23 
lheuda tri andra 1.89 0.18 1.96 1.04 1.&7 0.46 0.63 0.38 2.60 7.27 2.29 0.88 0.60 14.77 1.1'1 1.98 1.90 2.55 2.74 1.44 
Trachypogon spicatus 15.83 0.06 5.47 0.35 15.16 0.61 7.51 0.50 3.99 3.54 1.90 0.48 6.30 1.80 6.40 1.02 
Tristachya leu[othri. 27.93 0.40 63.31 2.30 28.57 1.61 37.35 1.31 25.65 5.32 16.51 0.64 23.95 14.54 46.75 1.95 19.93 3.16 33.76 1. 79 
I~pylptru. agropyroid.s 5.34 5.77 0.53 2.49 0.43 4.38 4.25 2.25 0.51 5.17 5.24 3.64 0.70 7.38 0.43 1.79 0.24 
liir! gruses 14.46 10.22 0.04 0.33 0.03 12.30 9.24 13.74 1.12 9.44 1.71 2.24 0.24 11.73 0.13 0.96 0.07 
oth!rs 1.57 3.09 0.06 0.57 1.58 



Appendi }! 6.2. Her-bivot-y (I.) and species preference ratios for the C. validus D. natal ensi 5 community (all val ues other-
than F'R ,,\I-e per-centages) • Continued over the page. 

BURNT 1985 AREA BURNT 1985 AREA BURNT 198& AREA BURNT 1986 
5AI1PlI NG DATE DECE"BER 1986 APRil 1987 SEPTE"BER 1986 DECUBER 1986 APRil 1987 
SPECIES PRESENT GRAZED DIET PR PRESENT 6RA1ED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR 

Allotpropsis 5!.ialata 5.09 0.64 3.62 0.71 4.42 1.54 12.03 2.72 12.47 11.04 19.74 1.58 8.19 8.53 9.60 1.17 8.17 6.34 10.15 1.24 
Ctl'niu. [oncinnu. 0.32 2.11 5.09 1.54 0.73 1.39 13.08 2.50 I.BO 0.49 1.89 0.18 0.37 
CYlbopogon yalidus 49.52 0.18 9.89 0.20 45.87 o.n 9.95 0.22 15.21 0.52 1.l3 0.07 31.36 0.51 2.20 0.07 34.16 0.70 4.69 0.14 
Cyprru5 obtusifiorul 0.32 1.35 0.51 
Olqiatria littoralis 0.47 0.12 0.21 0.05 0.42 0.45 
Oigitaria natal!nsil n.12 5.29 77.0l 5.87 l4.l5 1.112 41.43 2.89 42.02 9.65 58.14 l.l8 20.12 16.42 45.39 2.2& 20.44 16.12 64.58 3.16 
Dihptpropogon a'plfcta"S 0.95 0.5l 2.27 0.06 0.02 1.50 0.l5 0.07 0.05 0.74 1.35 0.20 0.27 
FlionurU51uticus 0.44 0.19 
(broad-I!av!d variant) 
Fraqroslis lap!nsis 0.15 0.51 7.97 0.58 1.14 0.l8 12.54 0.66 1.74 O.Ol 42.00 0.25 8.33 
Eragrostis (uryula 0.01 38.00 0.42 42.00 0.13 3.00 0.06 0.46 0.26 23.&7 0.84 3.23 
[ragrostis plana 0.04 1.64 0.08 2.00 0.15 8.00 2.12 14.10 0.06 17.39 0.20 3.33 
Eulalia villosa 0.43 0.48 0.68 1.87 0.17 0.25 1.03 0.93 0.19 0.18 
Fpstuca (ostata 3.13 4.05 2.17 11.&4 3.62 1.67 1.72 7.77 1.84 1.07 2.60 0.21 0.10 0.04 
Fi.bristylis sp 0.10 
H,rppchloa hi. 0.24 67.05 2.21 9.21 0.07 51.14 0.70 10.00 
Helictotrichon flongatu. 0.24 66.20 2.18 9.08 0.48 27.69 2.60 5.42 
Hptpropogon contortus 0.31 0.23 0.08 0.26 0.27 0.20 0.08 0.30 1.24 15.55 2.65 2.14 1.07 &.75 1.41 1.32 
Panicu. a!quin~rve 0.30 0.0& 3.00 0.03 0.50 
Panicill d!Ultu 0.22 0.89 0.33 1.50 0.07 
Pinicu. pcklonii 0.21 0.17 1.17 0.53 3.12 0.15 0.07 
Panicul natalpnsil 
Paspalul scorbiculul 1.57 0.&7 1.17 0.75 2.48 0.45 1.98 0.80 1.21 1.30 0.23 0.19 2.76 0.74 0.28 0.10 4.17 4.90 4.00 0.96 
Sci tria bulbifera 0.26 
Scl.ri •• plano.ph,ll. 3.77 0.06 0.24 0.06 7.16 0.18 2.28 0.32 1.00 
S.dg. 0.40 0.24 2.36 1.01 4.21 0.40 1.26 0.07 0.18 0.41 
Setaria sphac.lat. 0.17 8.71 1.64 9.65 0.22 8.49 3.30 15.00 0.19 6.50 0.18 0.95 O.ll 25.04 0.45 3.46 0.57 4.39 0.49 0.86 
Sporobolus centrifugul 0.44 2.38 3.79 1.29 0.54 0.82 5.32 0.60 0.73 0.47 0.70 0.06 0.13 
Sporobolus africanus 0.02 38.00 1.34 67.00 0.25 3.00 0.15 0.60 
The'fda triandra 5.63 5.43 0.54 38.30 2.84 5.26 0.36 &.90 . 0.49 1.36 
Tr.chypogon spicatul 3.96 0.25 1.10 0.28 3.05 0.19 1.02 0.33 1.85 0.41 0.10 0.05 l.32 6.B8 4.48 1.35 
Tristachya lrucothrix 6.46 0.66 4.73 0.73 8.07 1.58 22.53 2.79 H.88 7.6& 13.05 1.09 14.10 4.31 B.l5 0.59 10.6B 1.26 2.66 0.25 
Urelytrul agropyroides 0.29 2.11 0.42 O.ll 0.06 3.26 3&.98 1&.5& 5.08 4.77 2.49 2.33 0.49 
lIirt~ grassts 2.17 2.03 3.68 0.57 0.30 0.08 3.17 0.19 0.08 0.03 2.57 0.13 0.06 0.02 
OthPfS 1.21 0.38 1.66 2.19 1.38 



Appendix 6.2. Continued 

AREA BURNT 1985 AREA BURNT 1985 
SAllPlING DATE SEPiE"BER 1985 DECE:"BER 1985 APRil 1996 JUNE 1996 SEPTE"BER 1996 
SPECIES PRESEIIT GRAZED DIET PR PRESENr GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR PRESENT GRAZED DIET PR 

Allot,ropsi •• ,.lalltl 7.09 7.34 0.51 1.39 0.19 6.48 1.77 2.22 0.34 7.29 2.44 5.16 0.71 7.82 0.44 1.25 0.16 
Ct,niu. eoneinnu. 0.92 0.78 
Cy.bopogon validus 41.39 0.86 9.35 0.23 45.80 0.28 4.76 0.10 44.06 2.77 23.66 0.54 44.53 3.01 39.85 0.87 49.54 3.45 60.69 1.25 
Cyp,rus obtusiflorus 0.53 0.20 1.23 0.09 0.45 0.27 0.29 8.24 0.69 3.28 0.30 
Digiatria littoralis 1.08 I.ll 0.26 0.24 0.03 2.91 0.03 1.00 
Digitaria natal,nsis 18.69 16.49 80.02 4.28 13.44 3.50 17.48 1.30 16.00 21.86 67.82 4.24 17.32 8.56 42.97 2.48 1l.02 6.37 30.05 2.31 
Dih,t,ropogon a'pl,etans 0.39 0.02 1.73 0.05 0.03 0.02 0.39 0.30 0.02 0.05 0.60 0.70 
Elionurus .utieus 
Ibroad-I'lyed variant) 
Eragrostis eapensis 0.39 4.07 0.59 1.51 0.12 10.26 0.36 3.00 
ErJgrostis curyula 0.07 1.57 0.02 0.29 
Eragrostis plana 0.02 18.00 O.ll 6.50 

P1 Eulalia yillosa 0.73 0.21 0.05 0.07 1.18 0.50 0.11 0.09 0.61 2.49 0.44 0.72 0.92 1.26 0.42 0.46 
,I hstUCi codata 1.64 0.01 1.15 49.88 21.34 18.55 1.07 2.98 0.08 0.07 0.02 3.62 

Fiibristylis sp 
HarpfChloa falx 
H,lietotrichon',longatu. 
Heteropogon contortus 0.39 20.86 2.08 5.30 0.30 19.27 2.15 7.17 0.12 11.09 0.26 2.17 0.38 0.31 2.97 0.33 1.06 
Panieu. aequin,ry, 0.41 2.33 0.26 0.63 0.25 6.59 0.32 1.28 0.02 39.55 0.23 11.50 
Panieu. d,ustea 
Pani cu. ecklonii 0.44 L06 0.17 0.39 
Panieu. natal,nsis 0.23 
Paspalu. seorbiculu. 3.29 2.85 2.33 0.71 1.60 1.77 1.05 0.66 3.64 4.71 3.32 0.91 2.42 2.21 1.55 (1.64 l.98 1.33 0.91 0.48 
Seleri. bulbif"i 0.58 0.74 0.10 0.17 1.19 1.56 0.69 0.58 
Sel'ria .,lanolphylla 1.12 0.39 0.10 0.09 5.42 0.52 0.55 0.10 2.79 1.88 0.14 0.09 0.05 
Sedg' 
Setaria sphae,lata 1.09 1.00 0.21 0.19 0.10 22.80 0.66 6.60 0.25 0.19 0.02 0.09 
Sporobolus e'ntrifugus 2.05 1.76 1.04 0.51 1.21 4.55 2.89 1.69 0.43 0.23 0.72 2.26 0.59 0.82 
Sporobolus afrieanus 
Thf .. da triandra 5.60 2.04 2.86 0.51 7.66 12.80 36.44 4.76 5.10 0.46 0.46 0.09 5.60 1.49 2.42 0.43 5.34 0.21 0.4.1- 0.08 
Trachypogon spicitus 1.22 0.71 0.23 0.19 2.10 0.12 0.05 0.02 1.23 5.47 1.95 1.58 2.72 2.68 2.64 0.97 
Trllt.thy. l,ueothri. 7.79 0.67 1.29 0.17 8.45 2.78 8.73 1.03 8.88 0.58 0.98 0.11 9.85 1.63 4.66 0.47 7.68 0.B8 2.45 0.32 
Ur,lytru. agropyroid'5 2.40 0.34 
lIir. grusfs 2.52 3.42 1.73 2.20 0.64 3.10 3.28 3.45 
Others 2.00 2.78 0.35 0.12 0.02 

------- ----.-------- ............ ---._-_ .. _ ... __ ..... _." ......... - - .... ~-...... -.--~- .', 
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Appendix 7.1. Nutrient content (Xl of grass phytomass at the T. 
simplex site 

omr 
~IIIlRHHT T ~lRIM[HI lY85 1986 

Rug Sep Oct "au Ore Jan Itb Itlr Rpr May Jun Jul 

Grilled 17.30 11. 89 9.57 8.75 7.71 7.98 1.99 1.35 5.02 5.08 1.06 1. 57 
(P IJngrazed 18.65 11. 56 8.57 7.91 6.73 1.92 1.31 1.11 3.73 1.12 3.77 3036 

[untrol 5.50 1.61 5.95 5.52 5.50 5.11 5.21 i.11 1.11 t70 l.H 3. 52 

6rimd 0.21 0.13 0.09 0.09 0.07 0.06 0.01 0.01 0.01 0.01 0.03 0.03 
r Ungr azed 0.26 0.12 0.09 0.09 0.06 0.01 0.01 0.01 0.03 0.01 0.01 0,03 

[onlrpl O.O~ 0.01 0.05 O.OS 0.05 0.06 0.05 0.01 0.01 0.01 0.01 0.03 

6r;md 7..71 1.70 1. 63 1.31 1.13 I. 06 0.91 0.87 0.81 0.8~ 0.81 0.71 
r Ilnqrazed 2.88 J. 85 1.S7 1.19 1.19 1.06 0.93 0.91 0.83 0.85 OJI 0.61 

(ontrol 1. 01 0.92 0.99 1. 05 1.02 1.20 1. 02 1. 09 0.90 0.93 0.93 n.87 

Gr'1zed O.2Z 0.21 0.21 0.18 0.16 O.IS 0.13 0.11 0.11 0.11 0.16 0.13 
5 IJnQrilz~d O. ZI 0.21 0.17 0.17 0.15 0.11 0.13 0.13 0.11 O. J'I 0.15 0.13 

[onlrol 0.16 0.19 0.16 0.19 0.17 0.15 O.IS 0.11 0.16 O.IS 0.16 0.16 

6t ~zrd 0.13 0.36 0.39 0.15 0.27 0.35 0.35 0.36 0.31 0.37 0.29 0.31 
(a Ungrazed 0.33 0.10 0.13 0.56 0.38 0.39 0.13 0.38 0.35 0.15 0.10 0.1'1 

Control 0.31 0.30 0.32 0.31 0.29 0.31 0.29 0.32 0.28 0.31 0.29 0.26 

6r;md 0.25 0.26 0.27 0.25 0.18 0.22 o.n 0.25 0.21 0.12 0.22 0.26 

"9 IlngrilZed 0.26 0.26 0.25 0.27 0.26 0.27 0.21 0.21 0.22 0.26 0.21 0.20 
(onlrol 0.19 0.20 0.21 0.20 0.19 0.18 0.17 0.19 0.19 0.22 0.18 0.19 

0Ig~51- 6r ilz~d 61.11 50.15 39.31 39.31 29.38 33.01 30.17 37.38 2B.:i7 26.91 75.18 30.31 
ihi lily Unl]raltd 62.19 17.82 50.11 11. 72 3U.17 Z3.ZS 37.06 39. 63 16.95 36.89 29.8G 28. OS 

Conlrol ZU2 :~o. 32 31.37 31.73 25.35 26.58 ;:7.11 26.99 21. 79 13.99 23.10 27.35 

-

leucothrix L. 

1987 
Rug Sep Oct Hou Dec Jan reb Mar Rpr May Jun 

3.79 6.52 6.50 - 6.22 5.11 1.35 1.81 1.1'1 - Ul 
3.29 6.09 6.17 - 5.26 5.Z5 1.92 1.15 5.07 - 3.11 
3.93 5;78 6.89 - 5.08 5.72 5.51 1.82 5.01 - 1.5& 

0.03 0.07 0.07 - 0.05 0.05 O.OS 0.05 0.01 - 0.03 
0,03 0.07 0.06 - 0.05 0.05 0.01 0.01 0.03 - 0.03 
0.03 0.07 0.07 - O.OS 0.06 O.CS 0.05 0.05 - 0.0' 

0.62 1. 06 1.18 - 1.06 1. 02 0.93 1. 06 0.9G - 0.86 
0.61 0.99 1.10 - 1. 06 1. 05 0.99 0.93 1. OJ - O. Ai 
0,95 1.10 1.21 - 1.11 1.15 1.11 1.17 1.03 - 1. 03 

: 

0.11 0.17 - .. .. - - 0.16 0.13 - 0.11 

O. " 0.17 - - - - - 0.11 0.16 - 0.15 
0.15 0.16 - - - - - 0.11 0.12 - 0.13 

0.12 0.29 0.30 - 0.39 0.29 0.32 0.10 0.11 - 0.10 
0.11 0.13 0.12 - 0.19 0.39 Oj7 0.36 0.52 - 0.37 
0.32 0.30 0.31 - 0.28 0.33 0.31 0.21 U.30 - 0.35 

0.29 0.21 0.21 - 0.25 0.21 0.21 0.18 0.22 .. o.n 
O. Z2 0.22 0.22 - 0.20 0.20 0.20 0.19 0.21 - 0.17 
0.19 0.20 0.19 - 0.20 0.22 0.19 0.15 0.17 - 0.19 

32.12 ~2.38 31.06 - 31.63 26.37 28.90 23.32 22.91 - 29.03 
30.61 28.69 30.12 - 29.37 21.25 29.18 22.86 28.39 - n18 
29.17 32.17 2'1. 57 - 27. 71 26.35 27. 99 19.91 21.12 - 21.77 
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Appendix 7.2. Nutrient content (X) of grass phytomass at the C. validus D. 
natalensis site 

1JIl1[ 

HUlmH I I R[RIII£HI 1985 1986 
Rug Sep Oct Nov OPC Jan reb Mar Apr MaV Jun Jul Rug 5rp oct "au 

Grazed 5.53 11.51 9.56 7.57 8.28 5.91 S.37 1.82 3.82 1.33 3.76 3.16 2.92 3.27 5.11 5.52 
(P Ungraud 11.95 10.50 7.36 7.63 6.18 1.96 1.77 1.29 3.Z6 3.7Z 3,31 7..19 2.61 1.68 6.0S 5.2S 

Control 2.81 1.18 3.99 - 5.59 3.27 1.09 3.19 Z.96 3.11 2.81 2.60 2.61 3.02 1.95 til 

6nmd 0.07 0.12 0.09 0.07 0.08 0.07 0.05 0.01 0.01 0.05 0.01 0.01 0.03 0.03 0.07 0.07 
p Ungrazed 0.11 0.11 0.07 0.07 0.06 0.05 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.06 0.07 0.06 

Control 0.02 0.05 0.01 - o.oe 0.01 0.05 0.01 0.01 0.01 0.03 0.03 0.01 0.01 0.06 0.06 

Grazed 0.93 1.95 1.59 1.13 1.32 1.36 1.29 1.20 1.11 1.Z1 1.11 1.05 1. 08 0.96 1.31 1.10 
l U"grazed 1.92 1.38 1.27 \.11 1.03 1.02 1.09 0.93 0.96 I. OS 0.97 0.77 0.71 1. 06 1.15 1.15 

Control 1.10 1.18 1.11 - I. 89 U8 1. 21 1. 28 UO 0.51 J.Z1 1.15 1.21 1.21 1.30 UO 

Grilzed - 0.18 0.21 0.17 0.19 0.15 O.H 0.15 0.13 0.18 0.17 0.11 0.13 0.11 0.16 -
5 Ungnmd 0.17 0.17 0.15 0.19 O. " 0.13 0.13 0.13 0.15 0.15 0.15 0.12 0.11 0.17 - -

Control 0.13 0.11 0.111 - 0.15 0.12 0.13 0.13 O. " 0.15 0.11 0.12 0.12 0.13 - -

6rilzed 0.07 0.33 0.13 0 . .,1 0.3'7 0.31 0.37 0.33 0.27 0.31 0.29 0.27 o.n n.30 0.29 0.60 

fa Unllrazed 0.10 0.12 0.36 0.11 0.37 0.39 0.29 0.37 0.30 0.10 0.33 0.23 0.29 0.27 0.38 0.15 

Control 0)0 0.31 0.21 - 0.37 0.25 0.37 0.Z9 0.31 0.29 0.22 0.76 0.21 0.22 0.21 0.19 

Grazed 0.08 0.2Z 0.23 0.23 0.25 0.20 0.16 0.17 0.16 0.19 0.16 0.16 0.16 0.17 0.18 0.19 

NO Un9raz~d O .. 30 0.29 0.27 0.28 0.21i 0.l2 0.22 0.2i 0.18 0.22 0.21 0.18 0.17 0.7.0 0.20 0.22 

Control 0.17 0.22 0.21 - 0.21 0.16 0.20 0.15 0.18 0.17 0.11 0.17 0.16 0.18 0.19 0.11 

Oigts!- 6rmd 16.05 51.13 18.32 15.01 39.63 3Z.IS 30.52 31.01 27.65 16.97 27.36 26.28 27.71 26.31 26.85 29.63 

ibility IJngrazed 51. 01 18.7Z 11.06 36.37 31.6' 29.00 31.10 27.31 27.33 30.12 26.21 21. 86 23.52 26.35 25.70 28.83 

Control 25.18 30,26 2B.90 - 32.31 Zb.72 21.1$ ZZ.68 23.59 21.71 22.15 21.63 21.39 18.19 22.02 19.58 

1987 
Opc Jan reb Mar Rpr 

5.26 1.15 3. 53 1.55 3.61 
1.50 3.38 3.51 3.55 3.98 
1.02 3.71 3.50 3.33 3.20 

0.05 0.05 0.01 0.05 0.05 
0.05 0.06 0.05 0.01 0.01 
0.05 0.06 0.06 0.05 0.01 

1.31 1. 38 1.19 1.23 1.27 
1.18 1.21 1.16 1. 01 ' . 16 
1.26 1.35 1.36 1.18 1.26 

- - - -
- - - - 0.13 
- - - - 0.13 

0.30 0.69 0.23 0.31 0.39 
0.11 0.51 0.18 US 0.27 
0.21 0.18 0.23 0.60 0.23 

0.18 0.16 0.15 0.18 0.15 
0.17 0.16 0.15 0.16 0.18 
0.19 0.11 O.H 0.15 0.18 

27.31 19.12 18.92 20.28 21.98 
22.01 19.29 18.25 16.87 18.12 

18.73 11.13 16.05 16.i3 11.30 



Appendix 7.3. Nut~ient content (%) of g~ass phytomass at the T. 
t~iand~a C. asiatica 51:e 

HUiRI[HT TR£RH!EHT 1986 1987 
Jun Jul Aug Sep Oct Hou Dec Jan feb Mar Ap'r May 

CP Control 5.2 tiZ 3.98 5.50 - 6.11 U7 - 5.00 6.29 5. 'i6 7.55 

P Control 0.01 0.03 0.01 O.O~ - 0.05 0.05 - 0.05 0.06 O.OG 0.07 

~ Control 0.85 0.61 0.39 O. B, - 0.86 0.85 - 0.91 0.89 0.83 1. 01 

5 Control 0.23 0.17 0.16 0.20 - 0.15 0.17 - 0.17 0.17 0.17 0.26 

Ca Control O. ~9 0.27 0.37 0.25 - 0.Z9 0.2B - 0.31 0.31 0.31 0.6'\ 

Mg Control 0.33 0.21 0.25 0.19 - 0.23 0.,21 - 0.27 0.25 0.23 0.37 

Olgest- Control 3D.ll 20.15 19.61 21.10 - 22.10 18.96 - 24.04 29.51 21.86 35.12 

266 
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