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Graphics package, to display the data on a map of the Pilanesoerg 
Game Reserve (Dickinson, 1983). Thus, a be t te r  p ic ture  of both 
the seasonal d i s t r ib u t io n s  of the species ana the water points 
could be displayed on a map and analysed.

3.2.2 Oata Analy si s

3.2.2.1 Vegetation C l a s s i f i c a t i o n

The aim of c l a s s i f i c a t i o n  studies 1s to group s im i l a r  e n t i t l e s  
together in c lu s te r s  based on the abundance of species 1n a 
number of samples or transects.

A c l a s s i f i c a t i o n  was done on tne herbaceous vegetat ion using a 
hierarchical mult ivariate technique known as Two-way Ind ica to r  
Species Analysis (TWINSPAN). TW1NSPAN Is analogous to tne 8raun 
Blanquet method of phytosoc1o1og> (Moore, 1962) and was preferred 
because ,  w i th  the q u a n t i t a t i v e  data  a v a i l a b l e ,  a more 
sophisticated analysis was neccessary.

3.2.2.1.1 Two-way Indicator Species Analysis

The computer program, TWINSPAN, was developed by H111 (1979) for 
tne Cornell  Eco log ica l  Program se r ie s .  I t  1s a "po ly tne t lc  
d i v i s i v e "  technique In which the data are f i r s t  ordlnateu by 
rec 1 p roc a 1 avera ging, ( H i l l ,  1^73) and tne n dl. ' lded or grouped, 
(Gauch and Whittaker, 1981) 1n a hierarchical manner.

Reciprocal averaging 1s generally used to reveal correspondences 
between observat ions on two kinds of In format ion ,  e.g. samples 
and species. I t  was f i r s t  developed by H l r s c h f l e ld  (1935) and 
F isher  (1940) and has been termed "Correspondence Ana lys is "  
(Benzecr l ,  19t>9; Esco f ie r-C oro le r ,  19t>9). I t  1s e s s e n t i a l l y  an 
ordination technique related conceptually to weighted averages, 
but computat iona l ly  to P r in c ip a l  Component Ana lys is  (Gauch, 
1982). The species are f i r s t  weighted by pos i t ions  along an 
I n i t i a l  grad ient  and are then used to c a lc u la te  sample-scores. 
These weighted samplo-scores are then used to calculate a new and



25.

improved ca l ibrat ion of the species. The new weighted score now 
provides a further improvement 1n the sample calibration. Back- 
and-f^rth, i t e r a t i v e  c a l c u la t io n s  U a d  to a s tab le ,  optimal 
so lu t ion  which does not depend on the i n i t i a l  arrangements 
(Gauch, 1982). This process has been termed Reciprocal Averaging 
because the spedes-scores are averages of the stand scores and 
rec iprocal ly ,  the stand- scores averages of the species-scores.

Whtri ins ign if icant  changes result  from one i terat ion to the next 
the so lu t ion  stab' izes and tne scores range from U-1U0. The 
con trac t ion  In th range of the species-score In one i t e r a t io n  
la f te r  convergence 1s reached), Is tne eigen value. A second oxis 
may then be taken out using the same method by correcting for the 
f i r s t  axis, a third axis may then be calculated while correcting 
for the f i r s t  two, and so on. Higher axes may be scaled onto the 
range proportlona1 to tne square root of tne ir  elgen values.

Like Principal Component A na ly s is ,  Rec iprocal  Averaging can be 
used geometrically as a derivation of new axes; which maximally 
account for  the s t ruc tu re  of the points 1n a mult id imensional 
c lo u d  of p o in t s ,  mak 1ng p o s s ib l e  the r e a u c t io n  of the 
dimensionality (Gauch, 1982).

Gauch (1982) recommended Two-way In u ic a to r  Species Ana lys is  
(TWINSPAN) for h ie ra r c h ic a l  c l a s s i f i c a t i o n  for the fo l low ing  
reasons;

1. i ts  effectiveness,
2. I ts  robustness,
3. I t s  use of the o r lg ln a 1 'egetatior, data ra ther  than 

secondary s im i la r i ty  matrices,
4. I t  In teg ra tes  the c l a s s i f i c a t i o n  of both samples and 

species,
5. 1t orders the sample sequence in a dendogram so that  the 

most s im i lar  samples are placed together, and
6. I t  is  economical In terms of computer requireinents.

The algorithm of TWINSPM produces a two-way table, s imilar  to a
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Braun-31anquet tab le ,  and i d e n t i f i e s  several species which are 
diagnostic of each division. Two-way Indicator Species Analysis 
manes repeated dl ^otomles of both tne sample and species by 
dividing the axis in half (H i l l ,  1979). The d if fe rent ia l  species 
at the extremes of the ordination axis are f i r s t  identif ied. Then 
the samples are divided Into two clusters near the middle of the 
ax is .  Tne sample d i v i s io n  is  then re f ined  by r e e l a s s i f i c a t i o n  
using the d i f f e r e n t i a l  species. The process is  repeated on the 
two suDsets to give four c lu s te r s ,  and so on u n t i l  each c lu s te r  
has no more than a chosen minimum number of member; (Gauch & 
W h i t take r ,  1981). Tne grass species are c l a s s i f i e d  In tne same 
way except the c l a s s i f i c a t i o n  1s now madi using samples. The 
c l  assi f i c a t io n  is  made on the basis of f id .  M t y ,  which Is  the 
degree to which species are confined to p a r t i c u l a r  groups of 
samples.

3.2.2.2 Test for Randomdess In herbivore Distributions

The assumption bel.ig that  1s I f  the herb ivores are d is t r ib u te d  
randomly w i tn ln  the reserve tner. t h e i r  d i s t r '  ut lons ►'ill be 
proportional to d if ferent a^eas around the wate- points. In other 
words the percentage number of total observations should increase 
as the area from the water points Increases. Tht expected values 
were calculated using aoove results and then tested against the 
actual values using a Chi-square test.

3.3 Results and Discussion

3.3.1 C lass i f ica t ion  of the Herbaceous Vegetation

The aim of this section is f i r s t l y  to c lass i fy  the habitat types 
based only on the herbaceous vegetation, and secondly, to compare 
this c la ss i f i ca t ion  to that of Tinley's (1978).

The herbaceous vegetat ion data matrix c o n s l i t s  of 35 grass 
species and 160 transects.
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3.3.1.1 Two-way Indicator Species Analysis (TWINSPAN)

The divisions baseu on TWINSPAN are shown In dendrogram form 1n 
F 1gure 3.2.

This technique depicted no c lea r- cu t  d i s t in c t io n s  except for 
those s i t e s  which had been recen t ly  disturbed e i th e r  by heavy 
grazing or by a g r i c u l t u r a l  a c t i v i t i e s  (eg. Secondary grasslands 
and Cynodon dactyl on "lawns") and those showing l i t t l e  signs of 
d is turbance (eg. Pediment grasslands and some savannas). The 
results are discussed 1n more detail below.

The grasslands studied were found to be charac te r ised  by the 
f o l l o w i n g  I n d i c a t o r  s p e c ie s ;  Cynodon d a c ty lo n  (CYOA), 
Rhynchyletrum repens (RHRE), Heteropogon contortus (HECO), 
Themeda t r iand ra  (THTR), Hyparrheni a hi r ta  (HYHI), Elyonurus 
a r genteus (ELAR), or Bothri  ochl oa i nsculpta (BOIN). Other 
prominent glasses were Urochloa mosamoicensis(JRMO), Eragrostis 
r i  g ld i  or ( E R R I ), A r1s11 da congesta (ARCO), Pani cum deustum 
(PAOE), Loudetia f lav ida (LOFL) and C^mbopogon species ICYMB).

Level _l: (n ■ 160). In the f i r s t  div is ion, a dist inct ion was made 
between d ifferent successional stages I.e. from generally climax 
grasslands and savannas on the one hand, and secondary or oldland 
grasslands and heavily u t i l i sed  Acacia thickets on the other. The 
Indicator species for this division were Themeda trianda (THTR), 
Heteropogon contortus, (HECO) and Elyonurus argenteus (ELAR) for 
the former, and Cynodon dactyl on (CYOA) for the la tter .

Level 2 1. (n *84). The l a t e r  successional or climax stages 
( In c lud ing  savannas and woodlands) are fu rther  separated Into 
those dominated by Heteropogon contortus (HECO) and those 
doinlnat- d by Themeda t r iandra  (TriTR) and Elyonurus a rgenteus 
(ELAR) anfi Hyparrhenia h i r t a (HYHI). The Indicator species being 
Panicum coloratum (PACO), Themeda triandra (THTR) and E lyc<nrus 
argenteus (ELAR). The f i r s t  group 1s c h a r a c t e r i s t i c  of the more 
open grasslands inc luding the pediment grasslands. The second 
group appears to c h a ra c te r1ze those s i t e s  which are genera l ly
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Figure 3.2 : Classification of Liie Herbaceous Vegetation using TWINSPAM (Hill, 1979). A key to the Indicator Species 

used to characterize the different grasslands are given in Appendix F.
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more wooded with higher canopy covers (eg. savannas).

2. (n * 76) The second group, namely the secondary grasslands 
ana th icke ts ,  was d iv ided into s i t e s  dominated by a i tn e r  
Heteropogon contortus (HECO) or Urochlca mosambicensis (URMQ). 
These ind ica to r  species separate the seconaary grasslands and 
savannas from the more heavily u t i l ized  thickets.

Level 3 1. Tne next d i v i s io n  separates s i t e s  which are 
dominated by e i th e r  Bothr ioch loa  1 nsculta  (BOIN) and Panicum 
co lorat jm  (PACO) as t h e i r  dominant species. Further  d iv is ions  
were unnecessary because they were d i f f i c u l t  to interpret as the 
sites were separated on the Individual dominant species alone.

2. This d i v i s io n  appears to separate the v a l l e y  
savannas into s i tes  dominated by either Themeda trianda (THTiO or 
Hy parrheni a hi r ta  (HYHI). I t  1s in te res t in g  to note that  both 
groups are fu r the r  d iv ided into s i t e s  dominated e i tn e r  by 
Elyonuris argenteus (ELAR) or Heteropogon contortus (HECO).

3. This d i v i s io n  uses A r i s t id a  congesta (ARCQ) and 
Rhynchelytrum repens (RHRE) to separate the secou:ary grasslands 
from the si tes domi na ied by Bothr i  ocnl oa Inscu lp ta  (BOIN). The 
secondary grasslands can be further divided into si tes dominated 
e1 trier by Ari s t i  da congesta (ARCO) or Cynodon dactylon (CYoA) 
(eg. terml ta r i  a ).

4. Two grassland types are d is t ingu ished In this 
divis ion, namely, those dominated by Cynodon dactylon (CYDA) and 
Urochl oa mosambi cens1 s (URMO) and tnose dominated by P a it i cum 
deustum (PAOE). No fu r the r  l e v e l s  w i l l  be discussed because of 
the d i f f i c u l t y  in id e n t i f y in g  ind icator  species which suitably 
distinguish one type from another.

Tne results obtained from this technique were then compared to 
T'inley's (1978) c l a s s i f i c a t i o n  which was based l a rg e ly  on 
topography and woody vegetat ion.  He recognised six major 
vegetation types (refer to chapter two);

29.
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(1) Secondary grasslands or glulands,
(1i ) Pediment grasslands,

( i l l )  Val ley savannas,
( iv )  Mesocline savannas,
(v) Xerocline savannas, and

(v i )  Acacia and r iver ine thickets.

Both the summit grasslands and talus thickets ha*e been omitted 
because of l im i t e d  importance In terms of white rhino hab i ta t  
se lec t ion .  These vegetat ion  types were then compared to those 
d is t ingu ished  on the bas is  of grass spec ies  alone using the 
TWINSPAN analysis. Five basic habitat types we»*e recognized using 
the TW INSPAN programme;

(1) Cynodon dactyl on “ lawns" ( level  3, sublevel 4),
(1 i ) Secondary grasslands, cha rac te r lzed  by Ari s t ida  

congesta and Rhynchyletrum repens (level 3, sublevel 3),
(111) Pediment grasslands (level 2, sublevel 1),

Hv)  wooded savannas (level 3, sublevel 2), And
(v) Th ickets ,  dominated by Panicum deustum, Cynodon 

dacty lon and J r ochloa mosamblcensis (level 3, sublevel 4).

Although no clear-cut dist inct ions were apparent, habitats could 
be c l a s s i f i e d  on a s im i l a r  basis to tnat  of T in le y 's  (197d) 
except for the more subtle features, eg. the savannas dominated 
e i t h e r  by Themeda t r i  andra or Hyparrhenl a hi r t a . Tne Cynodon 
dactylon "lawns", although occupying only approximately 2% of the 
reserve ,  were Included because of th e i r  high se lec t ion  by most 
herbivores.  No c le a r  cut d i s t in c t io n s  were made between the 
va l ley  and h i l l s id e  savannas, but this may have been due to a low 
sample size. However, the savannas were d iv ided into  e i th e r  
va’ iey or h i l l s id e  based on topography alone. I t  should f ina l ly  
be noted that  even w l tn ln  these f a i r l y  d i s t i n c t  hab ita ts ,  
patchiness or heterogenei ty was apparent.

Table 3.1 summarises the vegetat ion types In terms of the 
percentage species composition and tne proport ion of tiie low,
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medium and h igh p a l a t a o l e  g rass  s p e c i e s .  The degree o f  
p a l a t a b l l l t y  was based on the herbivore preferences. Grass 
spec ies ,  for example, Heteropogon contortus and Uroch1oa 
mosamblcersis were regarded as palataole whereas, species such as 

ochloa in s c u lp ta , E lyonuri  s argenteus and mbopogon 
excavatus as unpalatable.

Re la t ionsh ip  between Water A v a l l a b l l t y  and Herbivore 
01strlbutlons

A map of tne wet and dry season water dl s tr lbut1 ons Is given 1n 
F igure I t  1s ev ident  that  the water a v a i l a b i l i t y  1n the 
reserve can change markedly from one season to the next w1tn the 
maximum distance of any point In the reserve to the nearest water 
point Increasing as ra in fa l l  decreases. This seasonality In water 
a v a i l a b i l i t y  should greatly Influence the herbivore movement and 
tne lr  d lstr ioutlons, as predicted by Western (1975).

The d i s t r ib u t io n  of d istances of the herb ivores to the nearest 
a v a i l a b le  water supplies are g'ven 1n Figures to All  
species showed a high concentrat ion around the water points 
In d ic a t in g  that does tend to r e s t r i c t  tne herbivores 
movements within limited distances. The mean distance at whlcn 
the herolvores were sighted from the nearest wa*er supply varied 
from m (zebra) to m ( Impala) during the wette r  months, 
and m (h a r t tbees t )  to m ( Impala )  during d r ie r  
months. S lg r lMeant  differences (P < 0.001, using the Ch1-square 
test)  between the nerblvores and the nearest water were apparent 
oetween seasons. Although water c e r t a i n l y  appears to In f luence 
animal d l s t r l o u t l o n  pat terns ,  movement away from tne water 
supplies 1s evident during the Crier months. This may Indicate 
tha t  tne d i s t r ib u t io n  l im i t s  from the water supply of tne 
herbivores Increases when water becomes l im it ing .

However Western (1975) estimated the dlstr luution l im its  of the 
water dependent species (eg. Impala) to be between 10 and 15km. 
The maximum distance frum any -joint In the P i lanesberg Game 
Reserve to a water source during the dry season was approximately
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(a) Wet Season

(b) Dry Season

Fiqure 3.3 : The Seasonal Distr ibution of Water Points in the 
Pilanesberg C.ane Reserve.
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10km as 0 y:>0 $ed to 30k .1 in tne Amboseli Nature Reserve (Western, 
1975). Hence, all  the habitats in the reserve are within walking 
d istance from 1  e water points.  Therefore, any neruivure less 
than 15km from a water source should not be l im i ted  by water. 
However, there may be other benavioural anti social 1'actors wriich 
may Influence their  d istr ibution patterns. Hence, although water 
a v a i l a D i l t y  is an important requirement of tne herbivores in 
P i l a n e s b e r g ,  I t s  Im por tance  in  a f f e c t i n g  t h e i r  p resen t  
distributions is slight.

Water may also a f f e c t  herbivore movement and d l s t r io u t io n  
Indirect ly  through the vegetat ion .  Hab ita ts  are genera l ly  more 
product ive  the c lo se r  tney are to water, and tnus consequently 
lead to preferential selection by the grazers. I t  should however 
be noted that most of the a v a i l a b le  hao i ta ts  chosen by the 
herbivores in the P i lanesberg  Game Reserve are located In the 
valleys, which co l le c t  much of tn-i water from the watersheds.

3.3.3 Biomass of the Herbaceous Vegetation

The n.ean values for the overall above ground herbaceous biomas'i 
for  each h l t a t  type are given 1n Table 3.3. S ig n i f i c a n t  
seasonal differences we^e found for each habitat. A signif icant 
decrease In the herbaceous standing cr p occurred for both the 
secondary grasslands ar.d tne tn icke ts  (Appendix L) whereas tne 
pediment grasslands and val ley savannas Increased from the end of 
the wet season to ♦.he end of tne dry season. Tnese d i f fe rences  
can be accounted for by two reasons. F i r s t l y ,  the Increase 1n 
standing crop was prooably due to an uncontroleaDle burn which 
swept through 604 of the ressrve during August of I960 resulting 
in a high production. The decrease in the standing crop for tne 
other two habitats may have resulted from their  re la t ive ly  higher 
herbivore densities. Consequently, offtake by the herbivores was 
much higher In these habitats (see chapter 4).

Using the vegetation transect data, approximate biomasses for the 
three forage types d e f i n e d  e a r l i e r )  could be est imated w ith in  
each habitat (Table 3.4). These results indicate that of the four
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Table 3.3 : Seasonal variation in the above ground herb biomass
(kg/Ha) each vegetation type. Standard errors are given 
in parentheses.

Season
Secondary
Grassland

Pediment 
Gra .island

Valley 
Savanna Thickets

Late-wet

Late-dry

3000(168)

2250(900)

3200(920)

4010(184)

2840(1200)

3330(1220)

1200(720)

550(600)



Table 3.4 : Seasonal var ia t ion in the biomass (kg/Ha) of the three forage types for each habitat.

SEASON TORAGE TYPE
HABITAT

SECONDARY
GRASSLAND

PEDIMENT
GRASSLAND

VALLEY
SAVANNA

THICKETS

PALATABLE 1320 704 994 624

LATE-WCT INTERMEDIATE 1530 1376 908.8 468

UNPALATABLE 150 1120 937.2 108

PALATABLE 990 U82.2 1165.5 286

LATE-DRY INTERMEDIATE 1147.5 1724.3 1065.6 214.5

UNPALATABLE 112.5 1403.5 1098.9 49.5
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habitats measured, the secondary grasslands account for most of 

the pa la tab le  biomass at the end of the wet season. However, at 

the end of tne dry season, tne v a l le y  savannas accounted f o r a  

high proport ion  of these species. The th ic ke ts ,  although 

s up p o r t in g  tne h ig h e s t  p ro p o r t io n  of p a l a t a b le  spec ies, 

contribute the least to the overal l palatable standing crop.

Tnese resu l ts  can now be related to seasonal changes in herDivore 

habitat selection (next chapter). In addit ion, the overal l plant 

biomass for each habitat can be compared to those predicted from 

the model descrloed in chapter seven. These re s u l t s  w i l l  

therefore provide a means of testing the v a l id i t y  of th-i model.



CHAPTER FOUR

HABITAT AND FOOD ELECTION BY THE GRAZING UNGULATES AT 

PILANESBERG

4.1 In t roduct ion

Th is  sect ion in ves t iga tes  the r e la t io n s h ip  between the large 

graz‘d  ' i l l y  the white rhinoceros) and the i r  habitat use,

In te. i t a t  and food selection.

Ungulates often show characterlst1c patterns of seasonal movement 

from one part of tne l r  range to anothei. Duncan (1975) ident i f ied 

two types of movements. The f i r s t  1s when the population moves as 

a coordinated unit ,  so that the annual ranges of the individuals 

are of ';he same order of magnitude as the range of the population 

(e.g. the Serengetl wildebeest, Watson, 1967), The second, occurs 

when the in d iv id u a ls  show c lea r  seasonal movements which are 

small compared to the population range. TMs type of movement is 

cha rac te r ls t1c  w i t h in  most game reserves which support la rge 

ungulat.:. However the f i r s t  type is seldom ooserved 1n reserves 

because movement 1s mostly prevented by the fenced boundaries.

In both cases the e f fec t  Is  to place the animals 1n a d i f f e r e n t  

environment. Thus there 1s a close rela*1onsh1; betw^in nabltat 

and movement. The response of an Ind iv id ua l  to vegetat ion 

s t ru c tu re  tha*. d i f f e r s  from the "optimum" is  to move away from 

11. For example, S inc la i r  (1974) suggested that the buffaloes In 

the Serengetl  se lec t  p a r t i c u l a r  hab i ta ts  In the dry season 

because I t  \ s In these f hat the optimal food 1s found. Pienaar 

(1974) 1n c la s s i f y in g  the environmental facto rs  (phys ica l,  

h i s t o r i c a l  and b io t ic )  governing the d is t r ibu t ion  of herbivores 

stated tha t  the vegetat ion was the a l l  Important. A number of 

eco log is ts  (e.g. Pe tr ides ,  195b; Ca r l ing ,  l*bO; Grzlmek and 

Grzlmek, I960; Lamprey, 1963; Vesey F i t z g e ra ld ,  1965; Anderson
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and TalDot, 1965; Simpson ana Cowle, 19b7; Oe Vos, 1969; F ie ld  

and Laws, 1970; Ferrar and Walker, 1974; Pienaar, 1974 and Hirst, 

19 7 F ) have snown t n a t  ungu la te s  e x h i b i t  a heterogeneous 

d is t r ibu t ion  over African vegetation types. This they att r ibuted 

to be d i r e c t l y  re la ted  to the vary ing degrees of hab i ta t  

se lec t iv i ty  In a heterogeneous environment.

Tnere are many q u a l i t a t i v e  reasons as to why animals se lect 

p a r t i c u l a r  hab i ta ts ,  Inc lud ing  the need to avoid predators, 

requirements of shade, food and water. Ta lbot and Taloot, iyo3; 

Watson, 1966; Pennyculck, 1975; and I n g l l s ,  1976 on the other 

hand have shown ra in fa l l  to De the proximate factor Influencing 

wildebeest movement and habitat selection.

I t  Is therefore necessary to Isolate those environmental factors 

to which the animals respond when se lec t ing  fo r p a r t i c u ^ r  

hab i ta ts .  Western (1*73) was able to show tna t  the grazing 

ungulates in the Ambosell ecosystem select areas with d i f fe ren t  

grass helgnts. He then concluded tha t  1f the animals are 

responding to grass he ight,  then a changing spa t ia l  pa t te rn  

would lead to cnanges 1n t n e l r  h ab i ta t  Select ion ana hence 

dis tr ibut ion. Attwel l  (1977; showed a s im i la r  trend with the four 

major grazing ungulates 1n the Hluhiwe Game Reserve wnere mean 

he ight of the herbaceous la y e r  depicted high d1scr lm lnatory  

powers In the i r  habitat choice. Duncan (1975), on the other hand, 

showed that the proportion of areen leaf had profouna effects on 

the q u a l i t y  of the d ie t  of Topi by o ve r r id ing  the Importance of 

grass height. Herbivores therefore tend to select areas based on 

both the f l o r i s t s  and structura l features of the habitat.

The f in a l  aim of t h is  chapter is to I s o la te  those f 1 or 1s11c and 

s t ru c tu ra l  components of the grassland to which the hao l ta t  

selection of the Pllanesberg grazers (especial ly the white rhino) 

are most c'.csely related. This w i l l  not only give an 1 .is1 nht into 

f i e  causes of hab i ta t  se lec t ion  and movement, but u l t im a te l y  

provide the In fo rmat ion  needed to est imate herbivore  stocking 

densit ies In the reserve.
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4.2 Mater ia ls and Methods

4.2.1 F ie ld Measurements

The metnods are broken up Into tnree sections; the ei r s t  concerns 

the c a lc u la t io n  of hab i ta t  preferences using the road t ransec t 

data, the second the measurement of the foraging sites, and the 

th i rd  tho die tary selection with in them.

4.2.1.1 Habitat Preferences of the Herbivores

The f i e l d  data requ ired to analyze h ab i t a t  preferences were 

obtained from the road transects mentioned e a r l i e r  In chapter* 

three. Eiich t ransec t  shown In F igure 3.1 was dr iven  once every 

morning between ObhOO and 09h00. When an animal was sighted the 

hab i ta t  1n which 1t was present was id e n t i f i e d  using the 

c l a s s i f i c a t i o n  desc r ibed  in  tne p re v io u s  chap te r .  Each 

observat ion could then be re la ted  to one of the s ix  possible 

p lan t  communities; secondary grasslands, pediment grasslands, 

va l ley savannas, h i l l s id e  savannas, Acacia and r ive r ine  thickets 

or Cynodon dactyion “la*»ns Ident if ied In chapter three.

4.2.1.2 Feeding S i te  Descr ip t ions

The herolvores were located by vehicle and observed feeding for 

at least f i f teen minutes. This ensured that the animals exarted a 

reasonaole grazing pressure on the herbaceous vegetat ion, and 

tha t  accurate boundaries around the s i t e  could be de l im i ted .  A 

to ta l  of 113 feeding s i te s  was recorded, 75 fo r rh ino ( a l l  

seasons), 12 fo r  hartebeest (dry season), 15 fo r  Impala (dry 

season), anJ 7 *or zebra (dry season). I t  should be noted that 

only 4 Impala si tes were recorded, but have been Included In tne 

analyses because of the high dens i ty  of t h i s  species 1n the 

reserve. The Impala are ex tremely  a l e r t  and seldom feed In a 

par^.cular s i te  long enough for 1t to be c lea r ly  demarcated.
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Tne number of quadrats (u,25 sq. m.) posi t i  oneo in each s i te  

depended largely on the feeding s i te  areas, which could vary from 

25 v j  1JJO square metres. In each quaarat tne fo l low ing  s i te  

characterist ies, (except grass height), were estimated using the 

e ig n t  po in t  scale descilDed by Anderson and Walker (1^74) and 

Walker (1976);

1. Cover and abundance of tne herbaceous vegetat ion. This 

est imates the amoui.t of rooted basal and a e r ia l  cover of the 

herbaceous l iye r .

2. Height, which is  the average he ign t of tne green grass 

cover to the nearest 10 cm and ;veraged for a l l  the quadrats.

3. Proportion of forbs making up the herbaceous layer.

4. L i t t e r ,  which K  the dead and broken p lan t  ma te r ia l  1n 

contact with the soil surface.

5. The proport ion  of moribund grass. This Is the deaf p lan t  

ma te r ia l  o lde r  than one '•ear which is  not 1n contact w i th  the 

l i v in g  material.

6. Soil capping which may be e i ther clay or algal capping.

7. Erosion. (Surface or sheet erosion)

8. Grazing or the p roport ion  of tne biomass of the sward 

consumed by the grazers. This was subjective ly estimated for each 

grass species in the quadrats.

The above measures were then averaged for each variable according 

to the formula developed by Walker (1976);

(n{ X c 1) / N ................ 4.1

where, n̂  1s the number of quadrats In rank 1,

Cj Is the class midpoint of rank 1,

N Is the total njmber of quadrats.

The herbaceous species composition was determi led using the bulk
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contr ibution metnod described 1i iie previous section.

I t  should be noted tha t  fac to rs  3,4,5,6, and 7 were not used in  

the f ina l analysis as they appeared to play only a minor ro le in 

hab i ta t  se lec t ion  - only minor d i f fe rences  In these va r iab les  

were apparent between sites.

In order to obta in a measure of tne woody vegetat ion the trees 

w l t l i ln  a defined area around the f “eding s i te  were divided into 

two categor ies; those w i th  a car.opy he ignt  g rea te r  than two 

metres and those below two metres. The former provides an 

in d ic a t io n  of tne importance of shade, and the l a t t e r  the 

importance of l a t e r a l  cover. The measurements of these two 

categories were recorded as fol lows;

1. Al l  the trees with canopies below 2 metres were recorded as 

a percentage of tne total canopy cover over the whole area.

2. Trees with canopies below 2 metres were ranked from 1 to 5 

depending on the i r  diameters. Their respective frequencies were 

then noted. The 5 point rank was based on t;ie fol lowing scale;

A " la te ra l  cover index" was calculated, using the frequency data 

for each rank, as follows:

where, RFj is tl.e re la t ive  frequency of the 5 class types, 1,

RANK

1

2

3

4

5

DIAMETER(m) 

0.0 - 0.5 

0 . 6  -  1 . 0  
1.1 - 1.5 

1.6 -  2.0 

> 2.0

5

La te ra l  Cover Index (LCI) ■ 4.2
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TLA is tne total la te ra l  area determined by assuming 

that the s i te  is bounded by a 'fence' 2m high with a la te ra l  area 

of Heighti2m) X Width X Length, and

A j Is tna l a t e r a l  area covered by a l l  tne size 

classes. The fol lowing formula is used to calculate the la tera l  

area of a tree which is assumed to oe a semi-circle;

Area (A)j » ( ^  r^2 ) / 2 ....... 4.3

where r is tne radius of the t r e e ’s canopy.

The trees oelow 2 m were regarded as semi-circles from the ground 

sur* e as i t  was f e l t  tha t  l a t e r a l  cover would otherwise have 

been overest imated i f  the t rees were regarded as c i r c u la r .  The 

values of LCI range from 0 to 1.

By using tne auove in fo rma t ion  tne r e la t io n s h ip  between tne 

herb ivo re  species and t h e i r  se lec t ion  fo r  ce. ta in  grassland 

factors w i l l  oecome apparent.

In addit ion, the proportional contribution of each grass species 

to the herbaceous layer 1n each s i t e  was recorded. Table 4.1 

l i s t s  a l l  the h ab i ta t  va r iab les  whlcn are thought to Inf luence 

the d is t r ibu t ion  and habitat selection of the grazing herbivores.

4.2.1.3 D ie t

The d ie t  of the herb ivores was obtained by es t imat ing  the 

p roport iona l  use of each f re s h ly  grazed g-a'S species In each 

quadrat. Th is method was p re fe r red  to the o ther techniques e.g. 

stomach content analyses (e.g. S inc la i r  and Gwynne, 1972; Gwynne 

and B e l l ,  1968 ) and dung analyses (S to r r ,  1961; S tewart ,  l*b5, 

1967; Monro, 1982) for the fol lowing three reiso'>;

1 stomach contents of the grazers, e spec ia l ly  the white 

rhinos, were seldom attainable,

2. dung analyses have resu l ted  in l im i t e d  success because of
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Table 4.1 : Key to the 35 Habitat Factors used in the Correspondence 
Analysis

Mnemonic Habitat Factor

CCA CanoDy cover (0 to 105)
CCB H (11 to 40%)
CCC " " (41 to 100%)
LCA Lateral cover index (0.0 to 0.1)
LCB " " " (0.2 to 0.4)
LCC " (0.5 to 1.0)
HCA Herbaceous cover (0 to 305)
HCB " " (31 to 50%)
HCC H " (51 to 100%)
HEA' Averaqe grass height (0 to 5cm)
HEB ■ " " (6 to 15cm)
HEC " " " (greater than 15cm)
CYDA Cynodon dactvlon
ARCO Aristida congesta
RHRE Rhynchely:rum repens
HECO Heteropooon con tortus
THTR T'nemeda triandra
ERCU tragrost^s curvula
ERSU E. supe-ba
ERRI T. r ig io io r
ERGU r .  gumiflua
UNPA Unpalatabie species, eg. El /onuris argenteus,

and rymbopoqon SDecies
HYHI Hyparrhenia hir ta
BO IN Bothriochloa insculpta
BRSE Brachiaria serrata
URMO Urochloa .xisanbicensi s
LOFL Loudetia f^sv ida
DIER Digi caria eriantha
PADE Panicun1deustum
PACO P. co'lorar.un
POSO Pogonarthrla sqarrosa
SPPY Sporobo^us pyramidal is
CHVI Chi oris virqata
SEfll Setaria n iq r i ros t r is
ERCU rraq ros t is 'species



d i f fe ren t ia l  digestion (eg. Stewart and Stewart, 1*70), and

3. most importantly, dietary selection coeffic ients cannot be 

calculated without information on the a v a i la b i l i t y  of the grass 

species presented to them. With the t ransec t  method both 

a v i i l a D i l i t y  and u t i l i z a t i o n  of each grass species can be 

estimated.

The percentage con t r ib u t io n  of each grass species In tne 

he rD ivo res1 d ie t  was est imated using the fo l low ing  formula 

developed oy Tayior and Walker (1978);

D * C x A .............................................. 4.4

where, C is tne percentage u t i l i z a t io n ,  and

A is the percentage bulk con t r ibu t ion  in the feeding

si te.

The d ie ta ry  se lec t ion  or preference by each nero ivore fo r  a 

par t icu la r  grass species, was calculated as follows;

P * C / A .............................................4.5

The g spec ies u t i l i z e d  by the h e rb i v o re s  were then 

categor.^ed into 3 d if ferent forage types based on the i r  dietary 

importance; palatable, intermediate and unpalatable. (See section 

3.3.1).

4.3 Data Analysis

4.3.1 Calculation of the Habitat Preferences Indices

The h ab i ta t  preferences were determined fo r  white rh ino, 

hartebeest, w l ldeueest, zebra and Impala by recording the 

percentage time spent foraging in each of the major hab i ta t
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types.

The s e l e c t i v i t y  of the ungulate species (Xi) fo r  a vegetat ion 

type j  was described by ca lcu la t ing  the "comparative grazing 

in tens i ty"  (Hunter, 1962) which quant if ies any preferences snown 

by the herbivores.

Xi Pref. * 4 of species Xi in veg. type j  / % of to ta l  area 

in reserve covered by veg. type j  along each t ransec t  ........ 4.6

The values of s e l e c t i v i t y  using th is  equation can 1n theory, 

range from zero to i n f i n i t y  (Duncan, 1975). When a value exceeds 

one then se lec t ion  fo r  the vegetat ion type 1s occur r ing, when 

less than one, negative selection and when equal to one, random 

selection. The percentage area of each vegetation type seen along 

the road transects (using figures 2.6 and 3.1) are given below;

(1) Secondary grassland - 19.64,

(11) Pediment grassland - 6.04,

(11 i ) V a l le y  savanna - 27.64,

(iv) H i l ls ide  savanna - 39.34 

(v) Thickets - 6.54, and 

(v 1) Cynodon dactyl on “lawns" - 14.

Duncan (1975) has however id e n t i f i e d  a number of disadvantages 

using this method. F i r s t l y ,  no standard errors can be attached to 

the values, although the significance of departures from 1 (i.e. 

random or no se lec t ion  ) can be tested using the ch1 - square 

tests .  Secondly, the v i s i b i l i t y  or animal de tec tao l11ty may 

d i f fe r  for each habitat type. The second problem 1s probably the 

most ser ious of the two 1n tna t  biases fo r  or against animal 

s igh t ings  d i f f e r  depending on the dens it ie s  of the woody 

v e g e ta t io n  In each h a b i t a t  type. The an ima l d e te c t io n  

coefficients should therefore be est imated separate ly  fo r  each 

haDl t a t  type and also fo r  each season. Unfo r tunate ly ,  tne 

Importance of these coeff ic ients was only realized (Peddie, pers 

com) a f t e r  the f i e l d  studies had been terminated. The hab i ta t
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preference data should tnere fo re  be analyzed w i th  caution, 

although the re la t ive  importance values of each habitat type to a 

pa r t icu la r  spec.es are believed to be correct.

What these r e s u l t s  do not t e l l  us however, is  why the spedes 

select for pa r t icu la r  nabitat types. The next section tnerefore 

describes a technique - namely Correspondence Analysis - which is 

used to I d e n t i f y  tne u n d e r l y i n g  f a c to r s  gove rn ing  the 

re lat ionship between the herbivore species and the i r  environment 

Beardal l  (19o2).

4.3.2 In te r re la t lonsh lps  Between Hub: *v Selection and Grassland 

Structure

The environment Is a very complex system comprising of a number 

of features, both vegetation and physiographic. Because of th is a 

mu l t iva r ia te  technique 1s used to display the Importance of each 

environmental factor to a herbivore species (Beardall, 1982).

Bearda l l  (1?32) analysed the use of th ree s im i l a r  m u l t i v a r i a t e  

techniques, 1e. Correspondence Ana lys is ,  P r inc ipa l  Component 

Ana lys is  and l i n e a r  L o y is t l c  Model on a two- dimensional data 

m a t r i x  cons is t ing  of animal species measured over a range of 

habitat factors. These methods use graphical techniques based on 

an elgenstructure approach to represent m u l t i v a r i a t e  c^ata in a 

Mu l t i-d imens iona l  space (Bearda l l ,  l*b2). By In te rp re t in g  the 

output in terms of the habitat factors, ecological meaning with 

regards to the spec1es-env1ronment re lat ionship can be given to 

the orthogonal axes. Beardal l  (1982) concluded tha t  of a l l  the 

analyses, Correspondence Ana lys is  1s best suited to ecological 

data even though s im i l a r  re s u l t s  were obtained by a l l  the 

analyses. The s u i t a b i l i t y  of th is  technique 1s highlighted by the 

fact that a simultaneous graphical d isp lay  of the observat ions 

(he rb ivo re  spedes) and the va r iab les  (hao i ta t  factors) is 

obtalr.eu. Hence Correspondence Ana lys is  was used to i d e n t i f y  

those s t r  ^ tu ra l  features of the h ab i ta t  which Influenced the 

selection by grazing ungylates at Pllanesberg.
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4.3.2.1 Correspondence Analysis

Correspondence Ana lys is  is  used to d isp lay  g raph ica l l y  the 

re lat ionship between the subjects and objects of a matr ix of non­

negative numbers, simultaneously (Bearaui1,1982 ) The model that 

she used fo l lows  tha t  of Greenacre (1978) and is  b r i e f l y  

described below.

The elements of the data m a t r i x  are f i r s t  transformed to 

proportions that may be Interpreted as proDabi l l ty values. This 

new a.atr 1 x (P) Is  then tested using an approach s im i l a r  to the 

cn1-squared s ta t is t ic  for Independency of the rows (le. species) 

and columns (habitat variaoles). In order to test th is  hypothesis 

the matrix p must f i r s t  be transformed into a notation such that,

p u  ■ p( j  • r i cJT ................ 4-7

where, r^ 1$ the sum of row 1 of P, and 

Cj is tne sum of column j  of P.

The next step Invo lves the "center 1ng" of the ma t r i x  where, r c T 

1s the mean or "centre" of the rows and columns of P. Thus by 

suo t rac t lng  th is  term from the m a t r i x  P we merely "move" the 

m a t r i x  so tn< t 1t "centres" on the o r ig in .  This t rans fe r red  

matrix has been termed the "deviation score" matrix.

The elements of the subjects and oDjects measured on these 

disparate scales i re  then d1 ffe ren t la l ly  weighted and "equalised" 

by div id ing each element by the square root of the row and column 

sums. F i n a l l y ,  the coordinates of the subjects and oojects 1n a 

k- dimensional space are ca lcu la ted  using both the eigenvalues 

and the diagonal matrices of the row sums and the column sums.
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