




























































































































































































































































































































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. 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). 
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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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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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Figure 8.7. Crude protein of grass leaves at the T. tri&~dr. - c. 
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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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Figure 8.8. Digestibility of grass leaves at the T. tri&~dra - C. 
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) . 

159 



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 

600 

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 

193 



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. 
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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 

------- ----.-------- ............ ---._-_ .. _ ... __ ..... _." ......... - - .... ~-...... -.--~- .', 



t I 
I) 
J, 

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 
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