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5.3  Resu l ts  and Discussion

5 .3 .1  C a lcu la t io n  of  Niche Overlap

The percentage time spent by the herb ivores in each hab i ta t  and 

the percentage contr ibut ion  of  each grass  species in t h e i r  d ie t  

represent the two resource dimensions used to c a l c u la te  pa irwise 

o ve r lap .  The over lap measures were baseo on the proportional use 

of  s i x  naDitats  and 35 grass spec ies .  Emphasis has been placed 

on c a l c u la t in g  overlap only fo r  tne dry season. Tn is  was for  two 

reasons,  f i r s t l y ,  because of  the l im i te d  time a v a i l a o l e ,  and 

secondly ,  Decause t h i s  period i s  most unfavourable in terms of 

resource l i m i t a t io n .  The importance of  measuring overlap during 

the leviner periods has been st ressed by Schoener (1982) as 

competi t ’ o.i between spec ies 1s most l i k e l y  to occur uuring these 

per iods .

5 . 3 . 1 . 1  S ing le  Niche Dimensions

5 . 3 . 1 . 1 . 1  Habitcit Overlap

Hao ita t  over lap was ca lcu la te d  between the wnite rhino and the 

four assoc iated la rge grazers  for a l l  seasons (Table 5 . 1 ) .  This 

was done using tne Asymmetrical method presented by Levins 

(1968) and MacArthur (1972) .

P a i rw ise  overlap was genera l ly  high fo r  the s p e d e s ,  except 

during the dry season when the ungulates were more suscept ib le  

to s t r e s s .  A decrease in hab i ta t  overlap was apparent,  

e s p e c ia l l y  during the la te -d ry  season when the zebra showed a 

high preference for tne h i l l s i d e  savannas.  These h a b i ta t s ,  

because of t h e i r  steep s ’ opes are l a rg e ly  inaccessable  to the 

white rh inos .  Th is  high overlap between a l l  grazers r e s u l t s  from 

the high se lec t io n  of a l l  spec ies for  the secondary grass lands ,  

v a l l e y  savannas and th1 : k e t s .

The overlap est imates ind ica te  that the wildebeest  frequent 

those hab i ta ts  most s im i l a r  to the white rh ino ,  anti the zebra,
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Season Rhino x Wilde Rhino x Harte Rhiro x Zebra Rhino x Impala

F ire
0.79

' ' ' ' ^ \ 0 . 8 0

0.65

^ 0 . 8 7

1.09*

^ ^ * 1 . 0 9 *
0.92

Early  Wet 0.93

0.92

■ ^ ^ j . o o *
0.92

^ ^ 0 . 8 1

0.83
" ^ " - ^ 0 . 7 3  
0.79 i

Late Wet — 1.07* 

0.89

" ' " ' '~ '\ 1 . 0 2 *

0.86

^ 0 . 9 3
0.90

' —  
0.95

Early Dry 0.97

0.96

" ^ * ^ ^ 0 . 7 5

0.90

— __0.81

1.03* 0.57

L i te  Dry
-

1.09*

0.83
-------

^ * ' ^ ^ 0 . 7 9
0.68

---- 0.35
0.44 0.80

Table 5.1 : Seasonal differences in the habitat overlap values

us’ ng the MacArthur-Levins' Asymmetrical measure. The 

pan-wise overlap estimate relative to the white rhino 

rw) is shown on the lower left, with the estimate 

re lat ive  to either the wildebeest (Wild), hartebeest 

(Hart) ,  zeVa or impala on the upper right, ie. w-, 

wh, wz or w i , respectively.
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the l e a s t .  Seasonal changes occurred between a l l  spec ies ,  

e s p e c i a l l y  between the wnlte rhino and zeora and the white rhino 

and impala. The impala,  because of t h e i r  se lec t io n  mainly for  

the v a l l e y  savannas and t h i c k e t s ,  tend to overlap the l e a s t .

To summarize, a l l  the herbivores show a high degree of overlap 

w ith  the white rh ino ,  ind ica t ing  s i m i l a r i t i e s  in t h e i r  hab i ta t  

use .  However, both temporal and sp at ia l  d i f fe re n ce s  may be 

occurr ing  ( B e l l ,  which may a f f e c t  the overa l l  est imate .

For  example, herb ivores  may se le c t  s im lM r  h ab i ta ts  in d i f f e r e n t  

v a l l e y s  or at d i f f e r e n t  t imes.

5 . 3 . 1 . 1 . 2  D ie ta ry  Overlap

D ie ta ry  over lap oetween tne white rhino and the other grazers 

was (as  described e a r l i e r )  determined only during the dry 

season, which 1s considered to be the period ./hen food becomes a 

1 1m1t 1ng resource .

The over lap measures for  the d ie t  were averaged for a l l  hab i ta t  

types ,  implying that s i m i l a r  d ie t s  were u t i l i z e d  1n each hab i ta t  

type.  (The problems assoc iated with t h i s  assumption was 

discussed e a r l i e r ) .  The d ie t  was estimated in each o. the 

feeding s l t o s  mentioned 1n section 4 . 2 . 1 . 2 .

When using the Asymmetrical method, overlap est imate ^1ven 

both with respect  to the w h i t i  rhino and a lso  w i t  respect to 

the other four grazers (Table 5 . 2 ) .  In the f i r s t  case ,  the 

proportion of  resource type (k)  In species 1 ' s d i e t ,  I . e .  P ik ,  

1s that  for  the white rh in o ,  and In the second, P1k 1s that for 

e i t h e r  har tebeest ,  w i ldebeest ,  zebra or l innala.  A number of 

points  emerge from these measures. F i r s t l y ,  those species 

se le c t in g  for  a narrower d ie ta ry  range than white rhino (e .g .  

ha r tebeest ,  zebra and impala) tend to have low overlap measures. 

Secondly,  when measuring overlap with respect  to a g en e ra l i s t  

(eg .  white rhino which se le c t  for  a wide v a r ie t y  of grass 

s p e c ie s ) ,  com par l t ive ly  higher values are recorded, in some 

cases g reater  than one. (eg .  1.15 and 1 .2 0 ) .
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Season Rhino x Wilde Rhino x Harte Rhino x Zebra Rhino x Impala

Early  Dry ^-^0-76
0.82

^ ^ \ 0 . 4 6
0.54

^ ' " " ^ 0 . 4 1
0.71

0.28
1. 20*

l.ate Dry ^ V\ 0.80

0.59
0.76

0.64
0.40

1.15*'
0.47 

0 65 —

Table 5.2 : Seasonal differences In the dietary overlap values using 
the HacArthur-Levins' Asymmetrical measure. A similar key 
is used as in Table 5.1.
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High overlap values were again recorded oetween the wnite rhino 

and w i ldebeest .  Therefore ,  1n terms of both the hab i ta t  and 

d ie ta ry  niche dimensions,  these species w i l l  most l i k e l y  compete 

a t  high d e n s i t i e s .  Both the zebra and impala overlapped only 

s l i g h t l y  with the white rhino during the dry season. However, 

although they selected fo r  s im i l a r  hao i ta ts  (see previous 

s e c t io n ) ,  d i f fe re n ce s  were apparent in t h e i r  d i e t .  However, 

whether tnese d i f fe re nce s  have resu l ted  so as to avoid 

compet i t ion ,  as Implied by Schoener (1974) ,  i s  d i f f i c u l t  to 

answer.

5 . 3 . 1 . 2  Mult idimensional Overlap

Tota l  niche over lap ,  based on both h ab i ta t  and d i e t ,  was f i r s t  

determined us<ng the two e x i s t in g  methods fo r  c a l c u la t in g  

overlap on more than one dimension, I . e .  the summation and 

product methods (Taoles  5.3 and 5 . 4 ) .  Total over lap was then 

c a l c u la te d  using the proposed "weighted ovei’lap" measure (Table

5 . 5 ) .

W1tn respect  to the f i r s t  two ' w O d s ,  the summation measure 1n 

a l l  cases gave higher values than the est imates derived from the 

product method. However both tK i  two methods in d ica te  tnat 

w i ldebeest  ovenap  the most with he white rh ino and zebra the 

l e a s t .  Th is  was genera l ly  true throughout both the e a r l y  and 

l a t e  dry seasons.

The "weighted over lap" method I s  based on the Important 

condit ion that  d ie tary  se lec t io n  d i f f e r s  between d i f f e r e n t  

h ab i ta t  types .  I t  f i r s t  c a l c u la te s  d ie ta ry  overlap 1n each 

h a b i ta t  type and then subsequently modif ies  these by 

Incorporatlng the h ab i ta t  se lec t ion  c o e f f i c i e n t s ,  thus giving 

r i s e  to a more acceptable est imate .  In t h i s  case d ie tary  

e l e c t l v l t l e s ,  which are d i f f e r e n t  In each hab i ta t  type can now 

be Incorporated in the measures. The r e s u l t s  are shown 1n Taole

5 . 5 .
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High over lap values were again recorded Detween the wni te rhino  

and w i ldebeest .  Therefore ,  in terms of both the hab i ta t  and 
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Season Rhino x Wilde Rhino x Harte Rhino x Zebra Rhino x Impala

Early  Dry 0.74
0.79

0.35
0.49

" " ^ ^ 0 . 3 3
0.73

_______ 0.21
0.63

Late Dry ^ ^ \ 0 . 8 7
0.49

^ ^ ^ 0 . 6 0
0.44

0.14
0.51

^ ^ ^ 0 . 4 2
0.52

Table 5.3 : Total overlap based on both the habitat and dietary dimensions 
using the "Asymmetrical-Product method". A key simi lar to that 
described in Table 5.1 is used.
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Season Rhino x Wilde Rhino x Harte Rhino x Zebra Rhino x Impala

Early  Or " ' " ' ' ^ 0 . 6 7  
0.09 \

0.61
0.72

0.61 
0.87 \

" ^ ^ 0 . 5 1
0.89

Late D*v ^ \ 0 . 9 5
0.71

0.78
0 .66^ ^ ^

0.38
0.80

__________________

0.69 | 
0.73 j

Table 5.4 : Total niche overlap based on the habitat and dietary 
dimensions, using the "Asymmetrical-Simulation metnod". 
See Table 5.1 for an explanation of the key used.
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Season Rhino x Wild Rhino x Hart Rhino x Zebra Rhino x Impala

Farly-
Dry

0.56
0.36

— ->^_0.25 
0.21

"" 0.33 
0.36

^ ^ - ^ 0 . 1 6  
1.12

Late-
Dry

" ^ ^ 0 . 1 4
0.29

^ ^ 0 . 4 9
0.14

^ ^ ■ ^ 0 . 0 8
0.04

^ ---- ---- 0.39
0.12

Table 5.5 : Estimates of total niche overlap using the "Weighted 0/erlap 
measure". Refer to Table 5.1 for an explanation of the key.
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A marked decrease in the overlap values 1s apparent.  For 

example, the overlap between the white rhino and zebra i s  now 

much lower ,  i . e .  0 .36 .  tnan the est imates determined using the 

prev ious two methods. d i f fe re nce s  as large as t h i s  can obviously 

g re a t ly  in f luence  herbivore management. Tnese d i f fe re n ce s  can be 

exp la ined In terms of the herbivores '  feeding eco log ies .  For 

In s tance ,  I f  two animals u t i l i z e  s im i l a r  grass spec ies ,  but 

forage 1n d i f f e r e n t  h a b i t a t s ,  then obviously overlap 1s going to 

be very low. S i m i l a r l y ,  low overlap would a lso  oc I f  the 

species forage in id en t i ca l  n a b l ta t s ,  but on d i f f e r e n t  grass 

spec ie s .  The f i r s t  case 1s analogous to the white rhino and 

zeora where the zebra ,  by spending approximately 80'£ of t h e i r  

time foraging in the Inaccess ib le  h i l l s i d e  savannas, show low 

over lap with the white rh ino .  When using the summation or 

product methods to c a l c u la te  multidi inensional over lap ,  f a i r l y  

high measures (O.d and 0 .5 1 ,  r e sp e c t lv e ly )  are observed as 

opposed to the "weighted overlap" measura(e .g.  0 . 0 4 ) .  In 

add i t ion ,  another Important aspect which must be considered i s  

the d ie ta ry  d i f fe re n c e s  which are apparent between h ab i ta t  types 

(see sect ion 4 . 3 . 3 ) .  For instance ,  although the herb ivores may 

dep ic t  s i m i l a r i t i e s  in t n e l r  overa l l  d i e t ,  the s im i l a r  grass 

spec ies  may I âve been u t i l i z e d  in d i f f e r e n t  h a b i ta t s .

To conclude, the lower overlap values estimated using the 

"weighted overlap" method probably depict resource over lap more 

a c c u ra te ly .  However a l l  three methods need to be exper imenta l ly  

tested before d e f i n i t e  conclusions can be made.

5 .3 .2  Habita t Overlap Using 01scriminant Function A na ly s i s

For the a n a l y s i s  a l l  species recorded In l e s s  than ten s i t e s  

were excluded because of  t n e i r  Inadequate sample s i z e .  However, 

only four s i t e s  were recorded for  Impala,  out were Included out 

o f  I n t e r e s t  as th i s  species accounted fo r  a la rge percentage of 

tht tota l  grazing ungulate omass. F ive  herbivore species 

comprising a to ta l  of l l o  feeding s i t e s  were analysed using OFA. 

An ea r ly  dry and la te  dry season comparison was not poss ib le  as
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I n s u f f i c i e n t  data were c o l le c te d .  Each feeding s i t e  was 

ch a rac te r ized  using the hab i ta t  va r ia b le s  ( e .g .  grass cover,  

g rass height and percentage bulk contr ibut ion  of each of the 35 

spec ies )  given In Appendix I .

The f in a l  a n a ly s i s  was c a r r i e d  out using a matr ix  of 5 species 

and 37 v a r i a b le s .

5 . 3 . 2 . 1  V a r iab le s  capable of d isc r im inat ion

Appendix J  shows those v a r ia b le s  for  which the between group 

var iance  1s la rge compared to the with in  group va r iance ,  

measured by the p a r t i a l  u n iva r ia te  F - ra t1o .  A v a r ia b le  i s  

considered fo r  se lec t io n  onlv 1f i t s  F - r a t io  1s l a rg e r  than a 

sp ec i f ie d  va lue .  The p a r t i a l  " - r a t io  measures the d isc r im ina t ion  

introduced by the v a r ia b le  a f t e r  taking Into account tne 

d i s c r im in a t io n  achieved by the other se lected v a r ia b le s  (K lecka ,  

1975, H111, 1979) .  Th is  therefore  1ndentif1es which v a r ia b le s  

are  responsio le  fo r  the separation of the herbivore groups,  and 

the Importance of each in th i s  respect .  A l l  the va r iaD le s  are 

s i g n i f i c a n t  a t  the H  l e v e l .  The percentage abundance of Panicum 

deustum, Rhynchyletrum repens and Heteropogon contortus are 

re la ted  most c lo s e ly  with the occurence of herbivore spec ies .

5 . 3 . 2 . 2  Dimensions of  the Community rtlche

The a n a ly s i s  produced four d isc r im inant  funct ions with the f i r s t  

three accounting for  a tota l  of 904 of the overa l l  v a r i a c * .  Each 

d isc r im inant  funct ion represents  a gradient proportional In 

length to tne percentage between species var iance accounted for  

by each (Appendix K ) .  F e r ra r  and Walker (1974) In terpreted  

these trends of variance along the d isc r im inant  funct ions as 

representing the primary dimensions of a community n iche.

In o r j e r  to adequately describe the community niche dimensions,  

1 t  I s  necessary to know the degree of a ssoc ia t ion  between the 

D . F . ' s  and each v a r i a b le .  Appendix !< represents the degree of 

a s so c ia t io n s  as standardised weights fo r  each v a r i a b le ,  with che



highest p o s i t i v e  (near the o r ig in )  and negative values ( f u r t h e s t  

from the o r ig in )  arranged in increasing magnitude ( F e r r a r  and 

Walker , 1974).

Tne f i r s t  and primary dimension (accounting for  4 9 . 6 0 of the 

tota l  var iance)  represents  a gradient from s i t e s  dominated by

Pdnlcuin__ deu t̂uir: (f ' .DE) and C/mbopogon excavatus towards f a i r l y

t a l l  grass lands dominated by E rag ro s t i s  gumniflua (ERliU) and 

Trichoneura grandiglumls ( TRGR) The second d isc r im inant  function 

which accounts for 2 6 .5 i  of the tota l  variance suggests a trend 

from areas dominated by Loudetia f l a v i d a ( LOFL) ,  Di g i t a r i a  

e r iantha  (O ltR)  to areas dominated by Perotus patens (PEPA),  

T r l s t a c h y *  retvnanl 1 (TRR£) and E r ag ro s t i s  racemosa (ERRA).  Tne 

t h i r a  gradient which only accounts for  13,9® of the tota l  

v a r ian ce ,  in d ica te s  a gradient  from patch' '1rc.‘ ec by Cynodon 

dactylon (CYDA), Heteropogon contoi '"'), Cymuopogon

excavatus (CYEX) and Urochloa mosaibi HMu) to patches

dominated by E .  plana ( E iV l ) ,  T r i s tachya  .'ehmanii (TRRE) and 

Sporobolus pyramidal I s  (SPPY).

The remaining var iance 1s due e i th e r  to chance v a r i a b i l i t y ,  or 

to v a r ia t io n  In the ind iv idua l  va r iab le s  tnat are not assoc iated 

with the common trends ( F e r r a r  and Walker ,1974) .  None of the 

grad ients  could be in terpreted  with respect to the h ab i ta t  types 

c l a s s i f i e d  1n chapter 3 ,  although, the f i r s t  ax is  may represent 

a gradient from th icke ts  (dominated by Panicum deustum) at the 

one end, to secondary grass lands (dominated by E .  gummlflua and 

Trichoneura grandeglumis) , on the other .  Th is  suggests that  the 

sp a t ia l  separation of the herbivores i s  on a much f i n e r  sca le  

than that discussed in chapter four .

5 . 3 . 2 . 3  Species Separation and Ovei lap along the Habitat Niche

Each herb ivo re 's  feeding s i t e  contr ibutes  to a d isc r im inant  

score along each di scr i in lnant funct ion .  By p lo t t ing  each
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d isc r im inant  score on the re levant  D . F . ,  scaled In proportion to 

the amount of  variance e x t ra c te d ,  i t  provides a multidimensional 

p ic tu re  of the pos i t ions  of each herbivore spec ies'  h a d t a t  

niche (F igu res  5.3 and 5 . 4 ) .  The extent and nature of species 

separation (or  overlap) i s  represented by the d istances between 

and location of the spec ies cen t ro ids .  Page and Walker (1978) ,  

In te rp re t  these centro ids  as Ind ica t ing  the spec ies '  niche 

c e n t re s .  When consider ing the eco logica l  separation or overlap 

of  species one i s  more In te res ted  in t h e i r  r e l a t i v e  pos i t ions  or 

pat terns  in the canonical  space ra ther  than t h e i r  s p e c i f i c  

lo c a t io n s ,  1e . ,  tne degree to which two species separate or 

over lap .  F igures  5.3 ana 5.4 depict the species centro ids  and 

t h e i r  variance on a two-aimens1onal space represented by the 

f i r s t  three d isc r im inant  func t ions .

The f i r s t  a x i s  or d isc r lm inant  funct ion ,  representing a gradient 

from short grass lanas dominated mainly by Pan1 cum deustum and 

Cymbopogon excavatus to t a l l e r  grass lands aominatea by 

E ra g ro s t i s  gummi f lua and Trichoneura grandig lumis , showed 

separation only between the Impala and wildebeest ,  and impala 

and hartebeeest .  A l l  the other grazers showed l i t t l e  separat ion .  

The white rhino showed s i m i l a r i t i e s  with a l l  g razers ,  e s p e c ia l l y  

w itn  the w l laebeest  ana zebra .  Thus on the one extreme we have 

the harteoeest sp e c ia l i z in g  on the secondary g rass lanas ,  and on 

the other ,  the re s t  of the herbivores depict ing l i t t l e  

separat ion .

Separation on the second a x i s  was again Incomp j t e ,  e s p e c ia l l y  

between t.he white rh ino ,  wi ldebeest anJ hart  oeest.  Tne zebra 

showed only s l i g h t  s i m i l a r i t i e s  with the other herb ivores ,  

p a r t i c u l a r l y  with the impala.

The th i rd  gradient again depicts  incomplete separation .  However 

when analysed m u l t ld lm ens lo na l ly , only s l ig h t  overlap between 

wi ldebeest and hartebeest ,  and wi ldebeest and rhino 1s depicted, 

i t  does separate those spec ies  which were not d i s t i n c t  along the 

previous two grad ients .  These r e s u l t s  seem to support the



125.

DF 2

DF '

F igure  5.  3 : Location of Species Centro ids along DF 1 and DF 2 w i th  two 
Standard E r ro r s  e i t h e r  s ide of the mean. (Wh = White rh in o ,
Ha * Hartebeest ,  Wi * Wi ldebeest ,  Ze * Zebra and In = Impa la ) .
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Ha = Hartebeest ,  Wi * Wi ldebeest ,  Ze * Zebra and In * Impa la ) .



arguments given by May (1975) against  c a l c u la t in g  true 

mult idimensional overlap from s ing le  dimensions.

Quant i ta t ive  measures of hao U at  over lap ,  along these reduced 

dimensions,  although poss ib le  (see Cannes and S lade , 1962),  

e n t a i l  complex mathematical c a l c u la t io n s .  Hence, no q u an t i ta t i ve  

measures were used to est imate h ab i ta t  over lap .  However, the 

a n a ly s i s  does point out two l im i t a t io n s  of the previous methods. 

F i r s t l y ,  true mult idimensional overlap 1s genera l ly  

overest imated, and secondly,  species separation may occur a t  a 

more deta i led  l e v e l .  F e r r a r  (1973) ,  showed that niche separation 

was l i k e l y  to take place on a bas is  of f i n e r  subd iv is ions  (eg. 

d i e t ) ,  and not on the phys ica l  hab i ta t  s t ruc tu re  per se.

5 .3 .3  App l ica t ion  of Niche Overlap 1n Ca lcu la t ing  Stocking 

D e n s i t ie s  1n Mult ispec ies  Grazing Systems

The c a l c u la t io n  or stocking d en s i t ie s  <n muU1spec1es system 

requ i res  Information on not only the herb ivores '  feeding 

requirements,  out a lso  on t h e i r  respect ive  in te ra c t io n s .  Th is  

app l ies  p a r t i c u l a r l y  to grazing systems which are at or near 

ca r ry in g  capac i ty  or which are maintained at  s p e c i f i c  grazing 

l e v e l s .  For example, 1f one wishes to add a herbivore Into a 

reserve  which has a lo*> stock ing densi ty  and abundant resources 

then no In t e r a c t i v e  e f f e c t s  w i l l  be ev ident .  This  1s because the 

Introduced animal has a n e g l ig ib le  e f f e c t  on the foraging 

behavior  on the res ident  herb ivo res .  The use of overlap measures 

become important only when concerned with syr:ems at  ca r ry ing  

capac i ty  or when wishing to maintain s p e c i f i c  grazing leve ls  

w i th in  these systems.

The Importance of deciding on when a p a r t i c u l a r  overlap value 

should be used becomes apparent when modifying stocking 

d e n s i t i e s  under p a r t i c u la r  grazing l e v e l s .  I f  for  example 

i  .w1es 1 1s the hartebeest and species 2 tne white rh ino ,  then 

the fol lowing question may a r i s e  when wishing to add a rhino in

127.
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the reser ■. but s t i l l  keeping the extent  of  u t i l i z a t i o n  

constant .  How many hartebeest  must oe removed? When answering 

such a question, a dec is ion must f i r s t  be made on whether or.e i s  

In te re s ted  in the e f f e c t  of species 1 on species 2 ( a 21 ) o r ,  

the a f f e c t  of species 2 on species 1 ( a 12) .  Th is  1s best 

expla ined by th inking in terms of how the addit ion of a white 

rhino w i l l  a f f e c t  tne a v a i l a b i l i t y  of the food for  the 

hartebeest .  In t h i s  case the a f f e c t  of the g e n e ra l i s t  (white 

rh ino) must oe considered, nence, 0.4o ( a 12) hartebeest must 

be removed. I f  one wishes to add a hartebeest then 0.6 ( a21) 

white rhino must be removed. When removing a white rhino (the 

g e n e r a l i s t ) ,  tnen one c^n only add 0.46 ( a 12) hartebeest out,  

when '•emovlng a harteoeest then one can add 0.8 ( a 21 ) white 

rh i  no.
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MEASUREMENT OF CARRYING CAPACITY IN A MULTISPECIES SYSTEH

6.1 In t roduct ion

The c o n c e p t  o f  C a r r y i n g  C apa r  ty  has been g i v e n  much 

cons iderat ion in recen :  l i t e r a t u r e ,  „nd i s  genera l ly  defined as 

the s t a t e  o f  e q u i l i b r i u m  between n e r o i v o r e s  and p l a n t s .  Tne 

p o s i t i o n  of  t h a t  e q u i l i b r i u m  i s  indexed by i t s  c h a r j c . . e r 1s t i c  

d e n s i t y  o f  a n im a l s .  In o t n e r  words ,  i t  i s  the animal d e n s i t y  at 

wh ich  the r a t e  o f  fo rage  p ro d u c t io n  equa ls  the race  of  fo rage  

consumption (Caugh’ ey,  1979).

S i n c l a i r  l l 9 d l )  on tne o th e r  hand, argued t n a t  a p o p u la t io n  at 

c a r r y i n g  c a p a c i t y  should  not be thought o f  as one w i t f .  a s t a b le  

or  c o n s t a n t  l e v e l .  R a t n e r ,  i t  ' s  one t h a t  i s  f l u c t u a t i n g ,  o f t t n  

e x te n s ive ly  between c e r t a in  boundaries.  He a lso st ressed that  *e 

snould be ca re fu l  not to consider ca r ry ing  capac i ty  as an average 

of these random f lu c t u a t io n s  - most systems are dynamic one way 

or anothe r .  F i r s t l y ,  because h a l f  the t ime tne p o p u la t io n  i s  

above the average, and the r e s t  of the t ime, below and secondly, 

because tne f l u c t u a t io n s  may be greater  tnan bo* of  the mean. He 

there fore  concluded that  1n general ,  a population i s  a t  ca r ry ing  

c a p a c i t y ,  o r  e q u i l i b r i u m ,  i f  I t  can p e r s i s t  w h i l e  f l u c t u a t i n g  

w i th in  c e r ta in  l i m i t s  in that environment over a long period of 

t ime. The emphasis I s  therefore  on pers is tence  ra tner  tnan s tea jy  

s t a t e .  In a d d i t i o n ,  i t  should  be noted t h a t  a l though t ru e  

c a r r y i n g  c a p a c i t y  i s  v iewed as a long- te rm  " e q u i l i b r i u m " ,  in 

a c t u a l  f a c t  I t  c o n s i s t s  o f  a number of  s h o r t - t e r m  e q u i l i b r i a  

w h i c h  change  as a r e s u l t  o f  e x t r a n e o u s  e f f e c t s  such  as 

f lu c tua t io n s  1n the environment,  e.g. r a i n f a l l  v a r i a t io n .

The concept  and measurement oi c a r r y i n g  c a p a c i t y  has been used 

w ide ly ,  e s p e c ia l l y  in range management, where gu ide l ines  on the 

m a x im i z a t io n  of  l i v e s t o c k  p ro duc t io n  are required. A number of 

w orke rs  have a p p l ie d  t h i s  concept  to e s t im a t e  the opt ima l

CHAPTER S I a



s t o c k in g  d e n s i t i e s  a t  <v i i c h  a n im a l s  perform a t  t n e i r  maxi mum 

growth ra te  on a p a r t i c u l a r  range or nabitat .  Danckwerts ( x982) 

fo r  example, described tne grazing capac i ty  as tne "productv ity  

of the g r a z a b le  p o r t io n  o f  a u n i t  o f  v e g e t a t io n ,  which 1 s the 

number o f  an imal  u n i t s  t h a t  can be m a in ta in e d  per u n i t  a rea  of 

land in  order to maximise animal production per u n i t  Input under 

cons idera t ion ,  but does not permit  so i l  erosion or changes In the 

b o ta n i c a l  composl t i  o n . . . . t h 1 s wou ld  o t h e r w i s e  r e d u c e  the  

potent ia l  of  tne vegetation to produce animal products".

These a g r i c u l t u r a l  e s t i m a t e s  are  based l a r g e l y  on s u r v e y s  o f  

p l a nt  d e n s i t i e s ,  v e g e t a t i v e  c o m p o s i t io n ,  r a t e s  o f  g rowth ,  

p ro p o r t io n s  o f  annual growth removed oy a n im a l s ,  and the t im e  

t r e n d s  In rh ese  s t a t i s t i c s .  T h e i r  p r im a ry  aim 1s to a t t a i n  

e q u i l i b r i a  between p lants  and animals 1n order to provide maximum 

y i e l d  of  wool, m i lk ,  meat or hides (Caughley, l976) .

There are therefore  two types of  ca r ry ing  c a p a c i t i e s .  The f i r s t ,  

1 s the d e n s i t y  o f  a n im a l s  s tocked a t  e q u i l i b r i u m  w i t h  range 

cond it ions ,  which provide maximum s u s ta in e d  o f f t a k e  or r e t u r n ,  

and the second i s  tne dens i ty  of animals t/iat can be maintained 

In d e f in i t e l y .  The standing crop providing maximum susta ined y i e l d  

i s  lower tnan the maximum susta inable  standing • ‘op, because food 

per head must be kept high enough to generate productive y i e l d s  

«'r  lu y h l  e y , 1976).

A l t h o u o n  b o th  d e s c r i b e  e q u i l i b r i a  b e tw e e n  a n i m a l s  and 

vegetation, they are In actual f a c t  two t o t a l l y  d i f f e r e n t  kinds 

o f  e q u i l i b r i a  (C a u g h le y ,  1979) .  The f i r s t  d i f f e r i n g  from tne 

second In I t s  lower standing crop of animals and higher standing 

c rup  o f  v e g e t a t io n .  The a g r i c u l t u r a l  c a r r y i n g  c a p a c i t y  i s  an 

equ i l ib r ium only because the animals are harvested to maintain a 

c o n s ta n t  density .

The f i r s t  equ i l ib r iu m  s ta te ,  in which tne net y i e l d  or harvest of 

a n im a ls  I s  a t  a maximum, I s  termed the "economic c a r r y i n g  

capac ity" .  The second equ i l iD n u m ,  which i s  reached unaided, 1s 

known as the "ecological  ca r ry ing  capacity" .
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I t  i s  u n f o r t u n a t e  t n a t  the  d i f f e r e n c e  between these two 

e q u i l i b r i a  are not w ide ly  recognised. To the a g r l c u l t u r a l 1s t ,  the 

v e g e t a t io n  in  sy s tem s  above tne economic ca r ry ing  capac i ty  are 

judged to be In "poor" condit ion and "overgrazed" when, in actual 

f a c t  the system may be below i t s  eco logica l  ca r ry ing  capac i ty .  I t  

there fore  depends e n t i r e l y  on which equ i l ib r ium  one 1s r e fe r r in g  

to.

The aim of  t h i s  sect ion  i s  to determine the ca r ry ing  capac i ty  of 

£he r e s e r v e  f o r  w h i te  r h in o s  a t  v a r io u s  s to c k in g  d e n s i t i e s  o f  

assoc iated  grazers .  The ca r ry ing  capac ity  mentioned here I s  some 

point between the econom'c and eco log ica l .  The est imates  obtained 

w i l l  be determined fo r  average r a i n f a l l  condit ions .

6.2 P lant-herD lvore  In te ra c t io n s

In order to get a c l e a r  understanding uf  the mechanisms leading 

to e q u i l i b r i a  between two In te rac t ing  populations (one being the 

heroivure or predator and the otner the forage or prey type),  i t  

I s  Im p o r ta n t  to m o n i to r  and a n a ly z e  t h e i r  p o p u la t io n  growth 

patte rns .

Caughley (1*79) id e n t i f i e d  three basic components of  t h i s  process 

by which p lants  and herb ivores  reach a j o i n t  e qu i l ib r ium ;

(1) The growth response  of  the p l a n t s -  the r a t e  of  I n c r e a s e  

of p lan t  biomass as a funct ion of the densi ty  of p lants .

(11) The f u n c t io n a l  response  of tne h e r b i v o r e s -  the r a t e  of 

in take per animal as a funct ion of p lant densi ty .

(111) The n u m er ica l  response  o f  the h e r b i v o r e s -  the r a t e  of 

In c r e a s e  per an imal  as a f u n c t io n  o f  p l a n t  d e n s i t y  (C augh ley ,  

1976).

In grazing system o f  t h i s  type, tne ra te  o f  change of  herolvores 

I s  I n f lu e n c e d  on ly  by the p l a n t  d e n s i t y ,  whereas the r a t e  o f  

change of  p l a n t s  1 s a f u n c t io n  o f  both the h e r b i v o r e  and p la n t  

d e n s i t i e s ,  I . e .  the two components a re  I n t e r a c t i v e  (Caugh ley ,
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1976).

The ooserveu  t r a j e c t o r y  o f  a growing p o p u la t io n  can then De 

described by an equation that  summarises the pattern of  growth. 

Caughley (1976) proposed two d i f f e r e n t  approaches .  The f i r s t ,  

although e a s ie r ,  but l e s s  u s e fu l ,  using curve f i t t i n g  techniques, 

and the second, using models which s imulate the two in te rac t ing  

populations .

The var ious population models, uotn simple (e.g. tne l o g i s t i c  and 

delayed l o g i s t i c a l  equations) and complex (e .g .  the i n t e r a c t i v e  

model of growth) , have ueen examined in d e ta i l  by May (1976) and 

Caughley 11976). The f i r s t  two models have been re jec ted  because 

tney both t r e a t  v e g e t a t io n  and o th e r  r e s o u rc e s  as i n e r t .  Tne 

t h i r d  model ,  the i n t e r a c t i v e  model of  g rowth ,  i s  c o n s id e re d  to 

p ro v id e  tne o e s t  d e s c r i p t i o n  o f  v e*e ta t io n -h erb ivo res  systems. 

The eq u a t io n s  p re se n te d  be low ,  a re  e s s e n t i a l l y  those  o f  May 

( 1973j who used tnem p r i m a r i l y  to model p re d a t o r - p r e y  system. 

Here they have Jeen s l i p p e d  down one t r o p h ic  l e v e l  (C au g h ley ,  

1976) .

dV/dt  * a^V (1 - V/k) - c  ̂ A l l  - exp ( - d^V) j ..........6.1

dN/dt « N L-a^ * c„ (1 - t>xp ( - d ^ V ) ] .............................6.2

where,  â  a i n t r i n s i c  ra te  of  increase o f  p lan ts ,

K ■ maximum ungrazed p lant  dens i ty ,

* maximum ra te  of  food intake per herbivore,  

dj « grazing (searching) e f f i c i e n c y  o f  the herbivore when 

vegetation i s  sparse,

a2 * ra te  a t  which herbivores dec l ine when tne vegetation 

i s  burnt or grazed f l a t ,

c2 ■ ra te  a t  which th i s  dec l ine  i s  ameliorated a t  nigh 

p lant  dens i ty ,

d2 a demographic e f  f i e  icy of the herulvore ;  I t s  a o i l i t y  

to m u l t ip ly  when vegetation i s  <parse,



The f i r s t  equa t io n  e x p r e s s e s  tne r a t e  o f  change o f  vege tac lon  

us ing two t e rm s ,  the f i r s t  d e p i c t i n g  l o g i s t i c  g rowth ,  and the 

second, the ra te  of grazing. Tne second equation summarises tne 

rate of  change of herb ivores (N) in terms of  t h e i r  i n t r i n s i c  rate 

of  Increase ,  as moaif ieu oy tne a v a l l a o i l i t y  of  food.

F igure 6.1 (adapted from Caughley ,  1976) d e p i c t s  the t r a j e c t o r y  

o f  a p o p u la t io n  and i t s  food supp ly  growing as p r e d ic t e d  by the 

above t./o i n t e r l in k e d  equations.  The herbivore biomass Increases 

g r e a t l y  as a r e s u l t  of  tne super-arundance  of  v e g e ta t io n  

(commonly c a l l e d  an e r u p t i o n ) ,  the v e g e ta t io n  b iomass then 

d e c re a se s  a b r u p t l y ,  f o l lo w e d  by a d ra m a t i c  re u u c t io n  1n the 

h e ro iv o re  b iomass  l i . e .  a c r a s h )  which then ,  converge to an 

equil  iDriuni w i th  t n e i r  food supply,  tnrough dampened o s c i l l a t i o n s  

(C au g h ley ,  1976) .  These two s e t s  o f  o s c i l l a t i o n s  a re  d i s p l a c e d  

iVom each other ,  the animals  t r a i l i n g  benlnd the vegetation. This 

o c c u r s  as  a r e s u l t  o f  the  l a g  e f f e c t s  be tw e e n  th e  two 

populations .

F ig u r e  6.2 (adapted  from Caugh ley ,  1976) I s  a pnase diagram 

showing the changing r a t io  of  animals to p lants  as the herbivore- 

p l a n t  system moves to i t s  e q u i l i b r i u m  p o in t  (d v /d t  * dN/ot * 0) 

of N*, V*, a po s i t io n  that  can be ca lcu la ted  as;

V* » 1/d^ log e [ r 2 / c  ̂ - â  ) ................... o . J

N* » (V * a 1 (1 - V* / k ) )  / (C j  (1 - exp ( - d j v * ) ) ) . .6 .4

An i n t e r e s t i n g  f e a t u r e  o f  tne v e ^ i t a t l v e  e q u i l i b r i u m  i s  I t s  

complete  indepe idence  o f  tne v a r i a b l e s  o f  p l a n t  g rowth ,  the 

animals  alone determining I t s  l e v e l .  Tne equ i l ib r ium  leve l  of the 

animals ,  on the other hand, 1s determined by the c h a r a c t e r i s t i e s  

o f  both the p l a n t s  and a n im a l s .  ( R e f e r  to Caughley (1976) fo r  a

V 3 tne veg e ta t io n  b iomass ,  and

N 3 the h e rb ivo re  biomass.
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Years

F igure  6.1 : Trends the vegetation and herbivore bionasses modeled 
by Caughley (1976) .

F igure  6 .2  : Phases diagram of  the r e l a t i v e  d e n s i t ie s  of  p lants  and 
herb ivores  as modelled by Caughley (1976) .
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more u e ta i ie u  exp lanation of tnese two in te rac t ing  formulae).

Caugnley (1976) i d e n t i f i e d  th re e  t h e o r e t i c a l  outcomes from the 

i n t e r a c t i v e  model depending on the s p e c i f i c  parameter values:

(a) Stable  Eq u i l ib r ium  : the system returns to equ i l ib r ium  when 

d isp laced from i t .

( b )  s t a b l e  l i m i t  c y c l e  : i n s t e a d  o f  o t c u p y i . i  a p o i n t  

e q u i l i b r i u m ,  the two p o p u l a t i o n s  occupy  a c l o s e d  c y c l i c  

equ i l ib r iu m  t r a j e c t o r y ,  the densi ty  of both p lants  and animals 

e xh ib i t in g  we l l -de f ined  per iod ic  o s c i l l a t i o n s .

(c)  Unstable equ i l ib r ium  : when d isplaced from the equ i l ib r ium  

point the system o s c i l l a t e s  with  Increas ing amplitude u n t i l  one 

of  the components becomes e x t in c t .

A f o u r t h  outcome, termed 'Chaos' has been i d e n t i f i e d  by May

(1976) whicn altnough bounded, does not s e t t l e  into any c y c l i c a l  

pa t te rns .

Tne l a s t  two outcomes id e n t i f i e d  oy Caughley, and the addit iona l  

one id e n t i f i e d  by May, are foreign to us, although 1t i s  becoming 

more apparent that  they may e x i s t ;  For example, the 4 year  c yc le  

of the lemmings In  A la s k a  ( L a c k ,  1954) and the long term 

f l u c t u a t i o n s  1n the d e n s i t y  o f  e le p h a n t s  In Zambia (Caugh ley ,  

1973) .  Both of  these seem to r e f l e c t  l i m i t  c y c l e s  between tne 

h e r b i v o r e s  and t h e i r  food su p p ly ,  though l i t t l e  c o n c l u s i v e  

ev idence  1s a v a i l a b l e .  The e r u p t io n  and c ra sh  o f  the r e in d e e r  

p o p u la t io n  on S t .  Mattnew I s l a n d ,  as snown by K l e i n  (19bo) ,  

appear  to take  the form of  an u n s ta b le  system.  Caughley (1976) 

c o n c lu d e s ,  t h a t  a l though  l i m i t  c y c l e s  and unstable e q u i l i b r i a  

(and c h a o t i c  c y c l e s )  a re  t h e o r e t i c a l l y  p o s s i b l e ,  and may even 

have o ccu r re d  1 n a few s p e d a l  1 n s t a n c e s , tney are  not re a l  l y  a 

feature  of ungulate population dynamics. The main reason i s  that 

s t a b l e  e q u i l i b r i a  a re  l e a s t  d i s r u p t i v e  to both the p l a n t s  a id  

a n i m a l s ,  so th a t  sys tem s  o f  t h i s  na tu re  would be s e l e c t e d  f o r .  

Stable  l i m i t  cyc le s  and unstable e q u i l i b r i a ,  on tne other hand, 

Increase the p ro b a b i l i t y  of  p o p u la t io n s  le a d in g  to e x t i n c t i o n ,  

and consequently ,  are se lected against .
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I jn fo r tuna te ly ,  Cau^nley’ s reasons given fo r  tne coinmon occurrence 

of s tab le  e q u i l i b r i a  were la rg e ly  based from a group s e l e c t io n i s t  

p o in t  o f  v i e * ,  ’ t  i s  h ig h ly  u n l i k e l y  t h a t  the po p u la t io ns  

I n t e r a c t  in  such a manner so as to a lw a y s  lead  to s t a b le  

e q u i l i b r i a .  Instead, I be l ieve that  a system's aynamic behaviour 

i s  co n t ro l led  la rge ly  by s tochas t ic  environmental events and i t s  

parameter and v a r ia b le  values.

Th i s  f i n a l l y  leaas on to the question, of whether or not carry ing 

capac i ty  i s  a useful concept which can be applied to a l l  systems. 

I t  i s  obv ious  t n a t  f o r  s y s te m s ,  o tn e r  than s t a b l e  ones ,  tne 

concept  i s  e x t r e m e ly  d i f f i c u l t  to app ly .  However,  f o r  sys tem s 

w h ich  a re  e i t n t r  s t a o l e  or which can be managed, 1 t becomes a 

u s e f j l  concept .  T h e r e f o r e ,  be fo re  a t te m p t in g  to e s t im a t e  the 

ca r ry in g  capac i ty  of any system, one must De f u l l y  aware of tne 

dynamic in te ra c t io n s  between the populations.  One cannot assume 

tha t  a l l  systems w i l l  eventua l ly  become stao le  i f  l e f t  alone. The 

P^ianesberg grazing system is  f 'sumed to fo l low a s tab le  cyc le .

6.3 The Measurement o f  C a r r y in g  C a p a c i t y  i n  a M u l t i - s p e c < e s  

Grazing System

For any e f f e c t i v e  management p o l i c i e s  to be es tab l i shed ,  there is  

c l e a r l y  a need to develop and re f in e  p re d ic t i ve  models, both for  

c l i m a t i c  v a r i a t i o n s  and animal c a r ry in g  c a p a c i t i e s  and protein 

production. Four d i f f e r e n t  p red ic t ive  models are described below.

6.3.1 The R a in fa l l -M e ta b o l i c  Mass Relat ionsh ip  Method

I t  has been predicted that c l im a t i c  v a r i a t io n s ,  p a r t i c u l a r l y  1n 

p r e c ip i t a t io n ,  a f f e c t  the production of  p lant  m a te r ia l ,  and hence 

the c a r r y i n g  c a p a c i t y  of  the ecosystem (Coe, ej; a .̂, 1976) .  

R e l a t i o n s h i p s  of a p r e d i c t i v e  na tu re  have been e s t a u l i s n e d  

between r a i n f a l l  and p r im a ry  p ro duc t ion  (e .g .  W a l t e r ,  1954; 

W h i t t a k e r ,  1 9 7 0 ;  o e e l y ,  1 9 / d )  and b e t w e e n  a c t u a l  

e v a p o t r a n s p l r a t i  on and p r im a ry  p roduct ion  (Rosenzw e lg ,  19o8).



A s s o c i a t i o n s  have a l s o  been made between annual r a i n f a l l  and 

l a r g e  A f r i c a n  h e r b i v o r e  b iomass (Watson, 1972 L e u th o ld ,  1973; 

S i n c l a i r ,  1974; Western, 1975; P h i l l l p s o n ,  1975, and Coe, et a l ,  

1976) .  Coe, e t  a_[ ( 1976) examined the r e l a t i o n s h i p s  o f  both 

published and unpuolished Information on standing crop biomass of 

la rge herbivores and above ground net p r im a ry  p ro duc t ion  ( f rom 

mean annual p r e c ip i t a t io n ) .  The hypothesis was proposed that  for 

a m a jo r i t y  of  savanna systems, p a r t i c u l a r l y  those with  r a i n f a l l  

l e s s  than 7u0mm, 1t i s  p o s s iD le  to e s t a b l i s h  “ s t a t i s t i c a l l y  

s i g n i f i c a n t  r e l a t i o n s h i p s "  which are ab le  to p r e d i c t  l a r g e  

herbivore biomasses,  and hence, t n a l r  ca r ry ing  c a p a c i t i e s .  They 

ca lcu la ted  a l i n e a r  regress ion equation which could then be used 

to p red ic t  la rge herbivore biomasses from annual p re c ip i t a t io n .  

The c a l c u l a t e d  r e g r e s s io n  equat ion  f o r  p r e d i c t i n g  lo n g - te rm  

c a r r y i n g  c a p a c i t i e s  o f  s e m i - a r i d  w i l d l i f e  sy s tem s(Coe ,  e t  a l ,  

1976) ,  1 s ;

L a rg e  h e r b i v o r e  b iomass » 1.685(+ 0.23d) A? - l.Q95(± Q.661J..6.4

By su b s t i tu t in g  the average r a i n f a l l  fo r  P i lanesbcrg  (62umm) into 

the e quat ion  an e s t i m a t e  o f  1 AU per 10 ha was o o ta lneo .  T h i s  

amounts to a to ta l  of 535J AU 1n the reserve .  (1 AU I s  equ iva lent  

to a la rge s tee r  weignlng 454kg).

b.3.2 The Standard A g r i c u l tu ra l  Method

Tne p re v io u s  metnod c a l c u l a t e s  on ly  the t o t a l  l a r g e  h e r b i v o r e  

c a r r y i n g  c a p a c i t y  fo r  an a rea .  In most m u l t 1 s p e c ie s  w i l d l i f e  

systems, such as the P l lanesberg  Game Reserve, est imates have to 

by d e r i v e d  s e p a r a t e l y  f o r  each  s p e c i e s .  The " S t a n d a r d  

A g r l c u l tu ra l "  method, commonly used for c a t t l e  systems, has been 

adapted fo r  w i l d l i f e  systems comprising of a number of spec ies .  

The approach used 1n t h i s  method can be summarized as fo l lo ws ;

( 1 ) the t o t a l  c a r r y i n g  c a p a c i t y  fo r  an area I s  f i r s t  

est imated using the r e la t io n s h ip  oetween r a i n f a l l  and metabolic 

mass,

( 11 ) a cco rd in g  to food a v a i l a b i l i t y ,  p ro p o r t io n s  o f  the

137.
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t o t a l  s to c k in g  d e n s i t y  a re  a l l o c a t e d  to each feeu ing  c l a s s  

(Mentis and Duke, 1976, and Col l lnson and Goodman, 1981), and 

( 1 i 1 ) f i n a l l y ,  p r o p o r t i o n s  o f  each  feed ing  c l a s s  are 

a l loca ted  to each of the species being considered.

The l a s t  two dec is ions  are l a rg e ly  a r b i t r a r y ,  but do consider the 

fo l lowing fac to rs  (Co l l ln son  and Goodman, 1981);

( 1 ) the type  o f  food and the p ro p o r t io n  o f  each type 

a v a i l a b le  In the system,

( 11) the feeding hab i ts  (e.g. food type preference ,  land unit  

p r e f e r e n c e ,  h a b i t a t  p r e f e r e n c e ,  and the tendency to o ve rg ra ze  

s e l e c t e d  s i t e s )  o f  tne a n im a l s  s tocked or being s to c k e d ,  and

( 111 ) the e c o l o g i c a l  and c i r c u m s t a n t i a l  o b j e c t i v e s  o f  the 

re se rve .

The c a l c u l a t i o n  o f  t i ie t o t a l  l a r g e  h e r u lv o r e  biomass  was 

d i s c u s s e d  us ing  the p r e v io u s  method. A s t o c k in g  d e n s i t y  o f  1AU 

per lQha, was recommended for a reserve witn a s i m i l a r  r a i n f a l l  

pattern  as that  of  P i lanesberg .  However, as Co l l lnson  and Goodman 

( 1 9 o l )  noted,  the range c o n d i t io n  In P l l a n e s o e r g  I s  g e n e r a l l y  

poor,  e s p e c i a l l y  t h a t  o f  the pediment and v a l l e y  bottoms.  They 

t h e r e f o r e  recommended a more c o n s e r v a t i v e  e s t i m a t e  o f  1AU per 

15ha.

C o l l l n s o n  and Goodman (1 9 d l )  co n s id e re d  two major  food types 

a v a i l a b le  to the herb ivores .  These were grasses and sedges 1n the 

herb l a y e r ,  and f o r e s  and woody p l a n t s .  The range c o n d i t io n  fo r  

each food type 1 s then e v a lu a te d  in  te rms of  i t s  q u a n t i t y  and 

q u a l i t y ,  for each season, e s p e c ia l l y  the w inter  months.

The h e r b i v o r e  s p e c i e s  were then d iv id e d  In to  four  fe ed in g  

c l a s s e s ,  based on t h e i r  feeding haoits  and preferred food types. 

The groupings recognized by Co l l lnson and Goodman (1981),  which 

e s s e n t i a l l y  range froi.i a continuum of g razers ,  to mixed feeders,  

and to browsers,  are the bulk grazers (e.g. white rh ino,  bu f fa lo ,  

z e b r a ) ,  c o n c e n t r a t e  g r a z e r s  (e .g .  w i ld e b e e s t ,  h a r t e b e e s t ,  

mountain reedbuck),  mixed feeders (e.g. elephant,  Impala,  eland)
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ar'd browsers (e.g. blar.k rh ino,  g i r a f f e ,  kudu).

The a l l o c a t i o n  o f  the t o t a l  s to c k in g  d e n s i t y ,  f i r s t l y ,  to each 

f e e d i n g  c l a s s ,  and s e c o n d l y ,  to eacn  s p e c i e s ,  was then 

c a l c u l a t e d .  As ihown in  Appendix N(adapted from C o lM nso n  and 

Goodman, 1981) ,  a m a jo r  p o r t io n  (454 * 1470 Ad's) o f  the t o t a l  

s to c k in g  d e n s i t y  was a l l o c a t e d  to the bulk  g r a z e r s ,  because o f  

t h e i r  s e l e c t i o n  f o r  tne most abundant,  low to moderate q u a l i t y  

food source .  The r e s t  was then a l l o c a t e d  to the o th e r  feed ing  

c l a s s e s ,  2 0 i  <654 AU's) to tne c o n c e n t ra te  g r a z e r s ,  20* (o53 

AU's) to the mixed f e e d e r s ,  and 151 (490 AU's) to the b ro w s e r s .  

The recommended stocking density  of white rh inos  was 488 AU's or 

200 animals .

The major problem with  t h i s  technique 1s tha t  the f in a l  stocking 

d e n s i t i e s ,  est imated for  each spec ies ,  r e l y  heav i ly  on both the 

types  o f  food r e s o u r c e s  a v a i l a b l e  to the a n i m a l s ,  and t n e i r  

p r e f e r e n c e s .  U l f f e r e n c e s  1n any of  these a s p e c t s  would lead  to 

d i f fe re nce s  in the ca r ry in g  capac i ty  assessments.  In add i t ion ,  by 

c l a s s i f y i n g  the herbivores  Into feeding types they are assumed to 

have  I d e n t i c a l  f e e d i n g  p a t t e r n s .  T n 1 s  w i l l  o b v i o u s l y  

underestimate th* values.  The next two proposed methods attempt 

to c a l c u l a t e  c a r r y i n g  c a p a c i t y  us ing  the q u a n t i t a t i v e  feed ing  

data co l le c ted  during the study, f i n a l l y ,  a model was developed 

wh ich  e x p lo r e s  an o th e r  Im p o r ta n t  a sp c c t  s i m i l a r  to the one 

mentioned by C o l l l n s o n  and Goodman (1931 ) ,  I . e .  the tendency o f  

s p e c ie s  to o v e rg ra z e  s e l e c t e d  s i t e s ,  and I t s  I n f l u e n c e  on 

car ry ing  capac ity  es t imates .

6.3.3 Thu Modified A g r ic u l tu ra l  Method

T h i s  approach d i f f e r e d  from the p re v io u s  method In two main 

aspects.  F i r s t l y ,  the grazing spec ies perm lss lo le  1n the reserve ,  

whether as a r e s u l t  of  the h a b i t a t  p o t e n t i a l ,  or  ease o f  

a v a i l a b i l i t y  (Mentis ,  1977), was reviewed. Secondly,  w ith  the use 

of  both hab i ta t  and d ie ta ry  overlap c o e f f i c i e n t s  (w i th  respect  to 

white rh ino) ,  the d i v i s io n s  of the herbivores into feeding types 

was unnecessary.  Thus,  the S tandard  A g r i c u l t u r a l  techn ique  was
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modif ied based on the q u an t i t a t i v e  feeding data co l le c ted  on the 

fo l low ing  g raze rs ,  in addit ion to the white rhino;

( i )  w i ldebeest ,

( i  1) h a r t e o e e s t ,

( 1 i 1i zebra,  and 

(1 v ) im p a la .

The ca r ry ing  capac i ty  o f  the white rh inos,  given var ious  stocking 

d e n s i t i e s  o f  o t h e r  g r a z e r s  and t h e i r  r e s p e c t i v e  o v e r l a p  

c o e f f i c i e n t s  ( f o r  tne dry  season o n l y ) ,  were then c a l c u l a t e d  

using the formula described below;

T - x A „ . . . . 6 .5  r

where,  0r  1s the ca r ry ing  capac i ty  of the white rhl . io,

T 1s the t o t a l  p e r m i s s i b l e  g ra z in g  an imal  u n i t s  o f  the 

wh ite  rh ino ,  In tne absence of other grazers ,

1 1s the g ra z in g  an imal  s p e c i e s ,  1 ...........n ,

N* I s  the number of In d iv id u a ls  of  spec ies 1 ,

Ct 1s the to ta l  overlap c o e f f i c i e n t  between the white  

rh ino and species 1 ,

Aj i s  the animal u n i t  equiva lent fo r  species 1 , and

Ar  1s tne animal u n i t  equiva lent  of  white rhino.

In  a m u l t i s p e c i e s  g ra z in g  system such as P i i a n e s D e r g ,  c a u t io n  

must be taken when es t im at ing  the tota l  pe rm iss ib le  animal un i ts  

1n the r e s e r v e .  C o l l l n s o n  and Goodman (1 9 d l )  a r r i v e d  a t  an 

est imate  of  2124 grazing animal un i ts  (Appendix N). However, the 

t o t a l  a rea  o f  the r e s e r v e  has been r e c e n t l y  updated to 535UU ha 

(Peddle,  1983), as opposed to 49000 ha est imated by Co l l lnson and 

Goodman (1981). The est imated f l a t  area su i ta b le  fo r  white rn ino,  

1s a p p r o x lm a t e l y  28000 ha thus p e r m i t t i n g  on ly  a t o t a l  o f  1867 

grazing animal un i t s  (approx imate ly ,  766 white rh ino) .  The less  

dominant spec ies ,  such as the buf fa lo  (12) ,  sable (14),  waterbuck
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( 4 0 ) ,  e t c .  ( Appendix N ) ,  must  a l s o  be a c c o u n t e d  f o r .  

A p p r o x im a t e l y ,  130 AU were a l l o c a t e d  to these  g r a z e r s .  The 

mountain reedbuck were not included because of th e i r  almost total  

s e l e c t i o n  fo r  the summit and h i l l s i d e  savannas .  I f  the w h i t e  

rh ino were cne only major grazers  in the reserve ,  tnen the total  

p e r m i s s i v e  an imal  u n i t s  f o r  t h i s  s p e c ie s  would oe 1737 , i . e .  

a p p r r “ imate ly ,  712 animals .

The p re se n t  app ro x im a te  d e n s i t i e s  of the four a j o r  associated 

g r a z e r s  U 500  h a r t e b e e s t ,  1500 w i ldeb  e s t ,  1000 ze b r a  and 3500 

impala) and tne re spec t ive  overlap c o e r * i c ie n t s  (avera jeo for the 

dry season) o f  0 .3 7 ,  0 .35 ,  0.21 and 0 .28 .  r e s p e c t i v e l y  were  then 

subst i tu ted  into equation 6.5. The ca r ry ing  capac i ty  of tae white 

r h i n o ,  under the p r e s e n t  s t o c k in g  d e n s i t i e s  was c a l c u l a t e d  as 

1011 AU's or approx l  m a te ly  415 a n im a l s .  T h i s  va lu e  would 

obvious ly  change 1f  e i th e r  the animal -mbers or the spec ies mix 

changes.

However, the f i n a l  e s t im ate ,  assuming tnat the animal d en s i t ie s  

and the overlap c o e f f i c i e n t s  a re  a c c u r a t e l y  d e te rm ined ,  - -e l ie s  

h e a v i l y  on the e s t i m a t e  o f  "T".  In the ioove two m e t r i c s  i t  i s  

assumed th a t  t h i s  v a lu e  has been accu a t e l y  r a l c u l a t  a.  In a 

m a jo r i t y  of cases t h i s  1s not true.

6.3.4 The Modified R a in fa l l /M e ta b o l i c  Mass 4?Ut1onsh ip

Coe, e t  al  (1976)  have po in ted  out m e ne-a fo r  c a u t io n  when 

r e l a t i n g  r a i n f a l l  d i r e c t l y  to l a r g e  *>erb ivore  b i o m a s s .  

Environmental f a c to r s  sucn as tne d i f f e r e n c e  in topography, soi 

type and h a b i t a t  t y p e ,  c . n  e f * e  t the p r 1* a r y  p ro duc t io n  o f  a r  

a re a .  I t  1s t h e r e f o r e  Im p e r a t i v e  to a n a ’ yze  these  a s p e c t s  in 

deta i l  before modifying the ca r ry ing  capac ity  est imate  obtained 

from the ra1 n f a l  1 /metaool  1c rrass re I a t i  onshl p. T n l s  was the 

approach taken In t h i s  method.

F l ^ s t ,  the a re a  under c o n s i d e r a t i o n  must be u i v id e u  up In to  

h a b i t a t  types .  Then ,  depending on the s i z e  o f  the h a b i t a t s  and 

the mean annual r a i n f a l l ,  c a r r y i n g  c a p a c i t y  e s t i m a t e s  are
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dete rm ined  a c c o rd in g  to the r e l a t i o n s h i p  g iven  by Coe, e t  a j

( 1 9 7 6 ) .  T h e s e  e s t i m a t e s  a r e  now m o d i f i e d ,  f i r s t l y ,  by a 

topographical fa c to r  (T ) ,  secondly,  by h ab i ta t  preference fac to r  

( P ) ,  and t h i r d l y ,  by a d i e t a r y  Importance  f a c t o r  (D).  Therefor® 

each hab i ta t  i s  weighted depending on i t s  c a p a b i l i t y  to support 

w h i t e  r h in o s .  These we ighted  f a c t o r s  are  c a l c u l a t e d  f o r  each 

hab i ta t  based on the feeding preferences of the white rh ino. For 

example,  h i l l y  areas would support a lower dens i ty  of white rhino 

than areas of  a l e s s  h i l l y  t e r r a in .  Habitats  dominated l a rg e ly  by 

unpalatable grass species would again support a lowe** white rhino 

c a r r y i n g  c a p a c i t y  than t y p i c a l  " sw e e tv e ld "  a^eas dominated by 

p a l a t a b l e  s p e c i e s .  T a b l e  6.1 s u m m a r i z e s  the  w h i t e  r h i n o  

importance fa c to rs  fo r  each hab i ta t  type. These fa c to rs  are then 

subst i tu ted  Into the fo l lo w ing  equation;

MCC » (ECCh x T h x Ph x Dh) ..............6.6

where, MCC 1s the modif ied ca r ry ing  capac i ty  of white rh ino ,

ECCf, I s  the e s t im a t e d  c a r r y i n g  c a p a c i t y  o f  w h i t e  '-hlno, 

for  hab i ta t  h, using Coe's,  et aj[ (1976) r e la t io n s h ip ,
Tn 1s the topographical  fac to r  for  hao i ta t  h,

P  ̂ 1s the preference fac to r  for hab i ta t  h, and

Dh I s  the d ie ta ry  Importance fa c to r  o f  the p lant  species 

1 n habl t a t  h.

A l l  the fa c to rs  range from 0 to 1 depending on t h e i r  Importance 

to the w h i t e  r h in o ;  0 I n d i c a t i n g  u n s u i t a b le  h a b i t a t s  and 1 

I n d i c a t i n g  h ig h l y  s u l t a o l e .  Tne topograph lca I  f a c t o r  (T) was a 

g i v e n  a v a l u e  o f  1 I f  the  h a b i t a t s  w e re  In  th e  v a l l e y  

b o t to m lan d s ,  0.1 ( o n e a r  complete  avo idance )  I f  on the h i l l  

s lo p e s  and 0.5 f o r  the o th e r  h a b i t a t s .  Va lues  fo r  the h a b i t a t  

p r e fe r e n c e  f a c t o r  (p) were based on the h a b i t a t  p re fe re n c e  

Ind ices  discussed 1n chapter  f<ur. The hab i ta t  w i th  the h ighest  

p re fe r e n c e  (d u r in g  the dry  season) was g iven  a v a lu e  o f  1 (e .g .  

the t h i c k e t s ) .  The d i e t a r y  Importance  f a c t o r  ( I . e .  the r a t i o  o f  

the pa latab le  to Intermediate  to unpalatable grass species) was 

given a value 1 1f  the d ie ta ry  se lec t ion  for  a p a r t i c u la r  forage
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