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ABSTRACT 

In this study , sites were selected t o deliberately represent the 

different levels o f degradation in Botsalano Game Reserve which 

s situated 30Km north of Mafikeng in the Lehurutshe region , 

Nor hwest Province , and 350Km from Johannesburg . Sites were 

chosen cl o ser to water points , near old kraals , and under big 

trees to represent highly degraded sites , open grassland for 

moderate degradation and closer to camp sites , fences and offices 

to represent less degraded . 

Bi omass , species c omposition and soil c h aracte r istics like soil 

colour , soil texture , cation exchange capacity and organic carbon 

percentages were compared for a total of 70 sites chosen . 

Integrated System for Plant Dynamics ( ISPD ) was used to construct 

the degradation models by using DCA and DMOC ord ination 

techniques , degradation models which showed the position of 

different site s on the degradation gradient were constructed. 

Biomass and degradation were compared using Spearman ' s rank 

correlat ion coefficient which showed a n e gative correlation . Some 

speci e s were also selected to be representative of either high , 

less or even moderately degraded areas . All the findings in this 

study show that some areas of the park need restoration 

especially those severely degraded areas , this can be done by re ­

seeding and protecting the areas by fences or de-stocking . 
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CHAPTER ONE 

INTRODUCTION 

The study a r ea fa ll s within the Molopo ranching area which cove rs 

approximately four million hectares (Donalds o n : 1969) For 

efficient managemen t o f this ranching area , more precise 

assessment of the range condition and grazing capacity is 

necessary . Smith (1989) , also agrees that if one fails to 

understand and know the condition of a range h e is working with 

this cause some frustration and eventually lead into 

inadequaci es . Information is therefore required to assist the 

range managers in knowing which areas o f the park need more 

attention , be ing degraded and how the fertilit y in highly 

degraded areas can be rest o red . Early warning signs o f 

improvements or deterioration need to be known and underst ood . 

1.1 VALUE OF THE STUDY 

Park Manage rs and nearby farmers may utilise the findi ngs of the 

study in overcoming problems of ove r grazing . Thorough information 

regarding the range and its condition is a precursor to good 

management of rangelands . Bosch and Booysen stated in their 

paper March : 1992 that a need existed to develop a comprehensive 



s~·s:~~ :~a: wcu1~ enable rangeland scientists t o compile a data 

base :or all exisLing relevant data that are required for the 

assessment o f condition and grazing capacity in different 

~omoge~ous gra zing areas . A requirement was , that the system has 

~2 be developed in such a way that once the data base is 

compleLed , an assessment of the range condition and grazing 

capacity of any management unit in the area under consideration 

would be possible . It is therefore believed that the Park 

Managers will benefit from the results of this study which will 

in t urn benefit the North West Province since the management of 

the park will have a clear picture as to which area of the park 

t o concentrate on . 

Overgrazing and trampling of the vegetation particularly in the 

semi - arid and arid regions can cause extensive denudation of the 

surface , result ing in severe erosion and a poor growth of mainly 

Ephemerals (Walker : 1974 ) 

the s o ils particularl ~ 

This can therefore adversely affect 

loamy soils , because the inf il tra t ion 

rate of rain water is much lower in bare soils than in those 

soils which a re mulched . Revegetation of such bare soils 

consequently lS hampered seriously (Walker : 1974) The 

degenerati o n of range condition has become one of the most 

serious problems in the agriculture of developing countries . 



sometimes associated with 

i=~es: ~c :i~estock , such as cattle , and particularl y sheep and 

goa :s (Shaw : 1875 , Acoc ks : 1953 , Phillips : 1956-57 , Vol k: 196 6 , 

Scc:t : :S67 , My re : 1970 , Werger : 1973 , 1974 ) . Basically , this 

:s o~e o f t h e reasons why the researcher thinks that e ven nearby 

:a~me rs in the Provinc e will bene fit fr om the results o f this 

study . Grazing reduces standing biomass through f o ra ge 

co~ sumption and ass oc iated trampling o f vegetation . Trampling 

a:so accelerates lit er decompositi on (Hierna ux : 1 989) . Heavy 

grazing du ring the growing season may also reduce productions 

(Hiernaux : 1 996) 

There are several reasons why , in Africa mostly , the influenc e 

of dome stic lives tock on vege tati o n is often s o much more 

devast ating than that o f game. The usual farming practice , 

whereby t h e movement o f animals is cont rolled, by the herdsman 

and re t u rn to their kraal after grazing . Game are usually mobile 

and , although o ften concentrated in herd s , wander over a large 

area . The y stay nowhere f or any length of time and only graze 

small patches . Economic considerations often not only tempt the 

farme r to ove rstock his or her ranch but als o force him t o keep 

his animals in camps . This is mostly commo n t o farmers who depend 

on sell ing their livestock for survival , they always want to have 

more than enou gh ~tock because that will in turn put enough cash 

in thei r pockets . Fo r this reas o n , and because domestic an i mals 

are less mobi le than game , part o f the vegetation is mo re 

t o ~oughly gra zed by them, and with poor management , easily ove r 



/v a ~ :=.e:- : _;_-::•:_ , rJessey"-fiL- z gerald : :_ sc9 , Wal~er : 1974 1 . 

-~e ~mpact o f heavy gra zi ng on production could be explained by 

a shift 1n floristic composition towards less palatable (and 

c~erefore ~ess heavily grazed ) species . Produc ti on would thus 

~e main tained , albeit a t the expense of f o ra g e value . 

:his situation is only likely to occur in limited areas , 

However , 

wit h in 

a few hundred metres radius of water points or herd rests areas . 

Where stocking rates are extremely high large amounts o f manure 

and urine are deposited (Hiernaux : 1996) . 

Park Managers should be able to determine the carrying capacity 

o f the park for sustainable management . From several studies it 

has b ecome apparent that the diet of game includes far mo re plant 

species than that of domest ic animals (Jewell : 1969 , Hill : 1972 ) . 

Range mana gement practices centre around the regulati on of the 

number of animal s allowed to graze o n a given range , al o ng wit h 

che du rati on and season o f their grazing. The stocking of a 

range must therefore be carefully regulated so that the existing 

g rasses are not depleted or exhausted from ove rgraz ing . 



1.2 BACKGROUND 

Several met hod s have been developed by different researchers for 

ra~ge co~dition assessment as described by Barnes et al . 

:;_934 ) , Stuarc - Hill et al ( 1986 ) , Tainton et al. ( 198 0) , Vorster 

:982 i , Heard et al. ( 1986 ) , Willis and Trollope ( 1987 ) . A 

cornerstone of most of the methods proposed has been a veld 

composition score based on a division o f species into groups 

which are judged to have ecological affinity. These groups are 

commonly termed "degrease rs" , "increasers" , and in some cases , 

"invaders" , after Dy ksterhuis (19 4 9) (Barnes et al. :19 8 4 ) . 

These researchers also point out that as an aid to the assessment 

o f condition , so - called benchmark sites in veld whic h is judged 

to be in excellent conditi on are selected in appropriate 

environments or similar ecological condition , and the sample site 

is compared with the benchmark. 

Mentis ( 1983 ) criticised current methods of veld condition 

assessment particularly ,· with respect to the subjectivity of the 

ecolog ical grouping , the choice of benchmarks and the arbitrary 

values to species or groups , as well as the lack o f a 

quant itative model linking the carrying capacity with veld 

c ondition , with regard to ordination of data from grazing trials 

as a means of arranging species along a gradient of grazing 

capacity ( s toe king rate ) in particular . In discussing the 

ciractical application of such in formati on by "veld managers" , he 

conceded that as most veld managers do not have computers , 

ca culation of ecological distance by multivariat e me thods would 



::-:: ::..:--:-.;:ra:::::::..:::=.::_e . J:..s a:: al:.err.ati ve , he suggested tne us e o f 

:-:-::..:.:.. :..:..oliers :.n a "weighted averages" o rdination or produce a 

scalar that indicates both direction and degree of departure from 

a::y speci fie d point of reference (Barnes et al . 1984 ) . 

Another method which was used by Barnes and his co - researchers 

was the Weighted Palatability Compositi on Method" which 

nvolved the comparison of proportionate species composition , 

cla ss · fied in terms o f palatability , with estimated grazing 

capacity . From this comparison multip liers had been derived 

which were judged to be consistent with the value of specie s in 

terms of their contribut i on to grazing capacity . In addition , 

me hods of multivariate analysis had also been tested as a 

possible means of quanti f ying all the communities in terms of 

grazing capacity . 

Donaldso n and Kelk (1970) conducted an investigation on the veld 

problems of the Molopo ranching area and found that herbage 

product ion and species composition are factors of maj or 

impor tance in determining carrying capacity and animal production 

in the Molopo area. Other factors of cons iderable importance are 

bush encroachment , droughts and low leve ls of soil fertil it y . 

he research data collected by these researchers showed the 

dominanc e of the less desirable , poorly productive grasses such 

as ~:ag~os:.:..s lehma~~ ia na and Ariscida congesta in the Molopo 

area . The more productive subclimax species such as Scipagrostis 

:..·.:.:..pl:..·::1.:..s and Schimidtia bulbosa made up a relatively small 



~ ~=c : ::-:::._::: ~ - :::e :otal vegetati on and could not be e x pecced to 

-2:.-:2::-: ar.y :naJor influence on ve l d production . Pa rti cu lar ly 

d1s:ress1ng was the rari t y o f the valuable broad leaved climax 

?C:-css spec ::._e s such as A..,c .;.,epora pubescen s , Panicum kaiaha rie.,se , 

a::d :::,·3 ~.-' "v'" .:igropedata which are both palatable and 

o r oductive . The compl ete a b senc e o f these species fr om many o f 

their sites suggested that it was highly unlikely that they could 

become dominant components o f the vegetation within a reasonable 

period o f time . 

97~ . 

Herbs and f o rbs had a very high c o nstancy o f 

fr om the research data it could also be realised that the 

Blacktho r n (A . melli fera) was encroaching heavily on grass 

h erbage produc tion . These findings have confirmed the general 

op inion h eld by farmers in the area , that the control of 

enc r o aching blackthorn must be regarded as a primary requirement 

be f o re veld production in the Molopo area could be increased . 

Another fa ctor was drought which broke during February 1966 (Data 

illustrating the significant effects o f the prolonged drought o f 

1964/66 on changes in the grass species composition and the very 

marked dec rease in the grass herbage production o f Molopo 

ranc~ ing area hav e been presented elsewhere (Donaldson : 1967 ) 

and affected most of the Anthepora pubescen s seeds whi ch had been 

reseeded , howe ve r this species had indicated that it could 

establish itself and maintain a stand despite the adverse 

condic i ons of drought and weed competition. The data furt her 



r- , .., ...., r 
\ l I CT '-

...... . . ' 
~ ,,,...,,. , .,.... ;:, ,.,.... ~ ;::i ~-_,-~~--~ 

s u ::e red hea vy mo rt al it y d espit e promisi n g init ial s tand 

. . 
::. e ::s ~::;_es . 

:o~ce r~ir.g · o w levels o f s o il fertility the results o f Donalds o n 

a nd Ke l k (1970 ) revealed that the soil was deficient in nitro gen 

and pho s phoru s f o r t h e adequate growth o f Ce nch r us cilia~is . The 

basi c p r oblem in the area has s hown to be extremely low p ho sphate 

content o f the s o i ls . It is also a well known phenomenon that 

t h ere is acu te deficiency of phosphates in the soils and in the 

n a tu r a l grasses o f the Northern Cape ranching areas (Theiler : 

192 0 , Henrici : 1923 ) . 

Heard et al . ( 1986 ) undertook a comparison of five methods f o r 

assessing veld c o ndition in the Natal mi dlands , the Benchmark 

met hod a s d escribed by Tainton et al . ( 1 9 8 0) , the Weighted 

Quanti tative Climax Method (WQCM ) as proposed by Taint o n , Fourie 

a nd Fo ster ( 1 98 2 ) , the Palatability method and a Ke y species 

method. Their findings showed the Weighted Quantitative Climax 

a nd Key species methods to be superio r to the other three 

methods . 

Othe r method s devel oped have included one by Stuart-Hill et al. 

(1986 ) where they developed a method of scoring b u sh veld 

accordi ng t o i t s produ c tive condition and found that tree densit y 

wa s the most i mpo rta n t variable , for instance , Eastern Cape . The 

direc t i n f lue nc e o f species c omposition on the scoring o f bush 



It was also recom,ended that 

va riable such as plant palatability , plant 

digest 1bi~~ty, plant production potential , soil type, altitude , 

a~ci ~ai ~= a~ ~ should be investigated t o estab lish the influence 

they have on bush veld condition. 

Mul ivaria e analytical procedures have been advocated in terms 

:J f .. eic:- ability to yield objectives and interpretable results . 

The main advantage is their usefulness in sites whose history is 

unknown . Ord ination methods have also been used for the 

development of more objective condition assessment (Hacker : 

198 3 ) . foran et al . (1986) assessed vegetation change by 

o rdering si es from repeated measurements and tracing site 

trajectories through ordination space . Although this technique 

has proved to be successful in detecting trends in vegetation . 

'The ma J or l imitation of ordination procedures has been the 

ecological interpretation of the causes of change. 

Gauch : 1991 , Martens et al. : 1990) 

(Bosch & 

This problem has been addressed by the inclusion of sites with 

known management histories (Martens et al . : 1990) . uite often 

the histories of sites are unknown . Bosch & Gauch (1991) dealt 

with this problem by selecting sites to deliberately include 

fence line contrasts and other contrasts between areas of 

intensive use and light to moderate use , e . g . sites near water 

points and sites farther from drinking points , or sites near 

v · llage or farther from villages. The ability to assess and 



~-~::~~ :~e ==~j~ ::cn or c~nservation stacus o f t h e vegetacio n o f 

a pa~::cula~ area , and to i. terpret the assessments ecologically , 

: s a prerequisic e for rangeland planning and s ound management 

::iec : s:ons 3osch & Gauch : 1991 ) . 

t~sc o ec . al . (199 5 ) studied the vegetation standing crop biomass 

and species composition at varying distances from water on 

upl and , sandy ranges in different ecological condition in the 

Ch ihuahan des ert o f South Central New Mexico with known grazing 

his t ori es. This is in support of the idea that the inclusion of 

sites with known grazing histories can help in the interpretation 

o f the eco logical condition Their findings showed that 

following long term conservative continuous cattle grazing on 

upland , sand sites o f the desert were severely grazed and also 

that sites c loser to water points were only left with some 

poisonous planes , all other palatable plants were heavily grazed . 

It is also important at this juncture to make reference to the 

findings by John son and Mayeux ( 1992) , that ecological theory 

chat has been the basis of vegetation management for most of this 

cen tury is now being questioned . This re - evaluation has followed 

the accumulation of contrary information (Scholes : 199 0) Westaby 

et al. (1989 ) , reveal that all the concepts used in range 

management are based on models of ecosystem function. These 

alcernate models of vegetati o n dynamics include the concepts of 

thresholds (Friedel :1 991 ) and multiple stable states of differing 

species composit ion with multiple non - linear pathways between 



Howe ver modificacion of our appro aches co 

~a~agemenc wil l req ire beccer understanding o f he long term 

p r ocesses forcing observed vegetatio n changes . This requires a 

S
- .,,._i ,. 
._ ._...1,..A. j I over expanded pe ri ods of time (Foster et al . : 1990 , 

S-:~o on aker and Foster : 991 ) Magnusen ( l990) con firms :hat 

without the his tor ica 1 perspective o f long term informa tion , 

serious misjudgements in resource management can result . Recent 

advance s n Paleo - vege tati o n show that an important cont ribut or 

to cur rent vegetat i on dynamics has been the climatic variation of 

c e ua r tenary ( the last 2 million yea rs ) as described by the 

Schoonmaker and Fo ster (1991 ) , Sprugel (1991 ) , and others . 

It ha s als o been s uggested through data that communities in 

Miocene and Pliocene (2 to 65 million years BP ) , were more 

compl ex , reflecting a warmer more humid , and relat ively stable 

climate compared to the uartenary (Nilsson (1982) , Gould ( 1991 ) , 

Morri son (1991 ) , Schoonmaker and Foster (1991 ) , Thomps o n (1991 ) . 

Many o f t h e species then had narrow ranges of tolerance of 

adap tability to environment variation and disappeared during the 

glacial cycles of the Quartenary . This reference is made to 

show that plant species present t oday in most parts of the world 

s rvived past climate changes either by adapting , migrating or 

both . The ongoi ng plant adaptations to climate changes may be 

facilitating (ac c ommodat ing ) the thresholds , multiple steady 

states , and multiple s ecessional pathways widely observed for 

many plant communities . 



::. oo 000 to 1 , 6 mi l lion years of a v ai l a bl e 

·: e:;: e:::a: on ::::--.a:1ge da t: a , i t is appare n t that t o day ' s communit i es 

a ::-e co, pos e d of s p e c ies that arri v ed at different t i mes fr o m 

d :..::::e::-ent sc:L:::-ces, and t h at h ad t o c o pe with d ifferen t bi o tic 

i~teractions (Og d en 1 989 , Huntley : 1991 , Scho o nmaker and 

:oste r : 1991) In c o nclusion to the point made on vegetation 

changes which were affected by climatic changes West ( l993) sa y s 

:::::a;: ::.oday , no a rea i s wit hout s ome level o f h uma n impa c t. 

Box(~992) also sa y s t h e future communities can never be exactly 

wha t t h e y were . Therefore knowledge of past climate changes of 

a t least t h e late Quartenary , and associated changes in 

env · r onmenta l conditions and species composition , can be as 

imoorta nt as know l edge of the present for understanding plant 

communi t y d y namics and their implications for management 

/ Burkhardt et al .: 1993 ) 

1 .3 OBJECTIVES OF THE STUDY 

(a ) To identify different site types i . e sites which could be 

sampled for the purpose of the development of the 

degradation models , that make up Botsalano Game Reserve. 

(b ) To select the most extensive site types for intensive 

s u r v e y to be used for development of degradati o n 

mod e ls . 



~a de~e:cp :he ~ange condit:on odels for the select e d 

site types using Qua ntitat i ve Mul t ivar i at e Analy s is 

Methods (Q MAM ) . 

(d To me asure b i omass yi e l d o f t h e differe n t sampl e areas 

r e presenting d ifferent range condition states . 

: e ) To determ i ne the relati o nship bet ween biomass y ield and 

ra n g e cond it ion. 



CHAPTER 

1 ..., 

TWO 

2.1 DESCRIPTION OF THE STUDY AREA 

2 . 1 .1 LOCATION OF BOTSALANO GAME RESERVE 

The investigation was carried out at Botsalano Game Reserve , 

( fig.l ) located on the upper catchment of the Ramatlabama 

drainage line , 30 km North of Mafikeng in the Lehurutshe region , 

No rthwest province , and 350 km from Johannesburg. The approximate 

latitudes within which the park lies include 25S 32 ' E - 25S 37 ' E. 

The reserve was first fenced in 1986 and is situated on land 

that was previously used for cattle ranching and a small amount 

of cultivation . 

2.1 .2 SIZE OF THE RESERVE 

The size of the reserve is 5800ha . Fig . 1 . 1 shows a sketch of 

Botsalano Game Reserve divided into blocks as shown on the sketch 

to assist the management in monitoring the movement of animals 

and checking the condition o f different blocks for grazing 

purposes . Over the years , the reserve has gained a reputation as 

a fertile breeding ground for many species of animals and is 

presently s pporting o ne of the most successful breeding 

programmes for white rhino on the sub-continent. 

frequently seen here include white rhino , buffalo , 

Animals 

eland , 
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Fig . 1 Map s howing l ocation o f Botsalano Game Reserve . On the enlarged portion 

Bo tsalano i s given number 4, it is located o n the road betwe en Mmabatho and Lehurutshe . 

Map s upplied by Bo p Parks . 
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giraffe, zebra , b lac k wildebeest , blue wildebeest , gemsbok, 

springbok , blesbok , waterbuck , impala , wart hog and black- backed 

j a ckal . To d ate, over 1 80 species o f birds have been recorded in 

the reserve (Bop Parks : 1993) . 

2.1 . 3 CLIMATE 

Variati o n in t opography and geology can create variation in the 

envi ronment within regions of uniform climate (Rickle fs: 1990) . 

In hilly area, the slope of the land and its exposure to the sun 

influence the temperature and moisture content of the soil. 

Winds and dust storms usually occur from September to December 

due to the typically flat configuration of the land in this 

region . 



TABLE 1 . Comparison of temp . and rainfall figures of 1997/98 to long term averages 

Month max. Temp . min. Temp. mean temp . mean max .- min Rainfall Near-norm 
1997/98 1997/98 1997/98 Temp for 1997/98 rainfa ll for 

35yrs 63yrs 

JANUARY 28 . 6 17.3 22 . 9 30 . 5 - 17.6 159.5 67 - 96 

FEBRUARY 30 . 5 17 . 0 23.8 29.9 - 17 . 2 124.1 61 - 87 

MARCH 25 . 3 15 . 4 20 . 4 28.6 - 15.6 162.1 52 - 86 

APRIL 22.9 9 . 6 16 .3 25.8 - 11.8 107.7 25 - 58 

MAY 20.7 6 . 5 13.6 23.5 - 7.1 134.7 4 - 16 

JUNE 20 . 0 3.6 11.8 20.6 - 3.7 0.0 1 - 5 

JULY 19.7 4.3 12.0 21.2 - 3 . 4 2.0 0 - 2 

AUGUST 24 . 3 6.8 15 . 6 23.9 - 6.1 10 . 4 0 - 3 

SEPTEMBER 25 .7 11. 3 18.5 27.6 - 10 . 6 22.8 4 - 12 

OCTOBER 28 . 2 12 . 9 20 . 6 28 . 9 - 13 . 8 68.2 27 - 46 

NOVEMBER 29 . 8 14.6 22 . 2 29. 4 - 15.7 30 . 0 48 - 73 

DECEMBER 32.6 17 . 5 25 . 1 30.3 - 16 . 8 52 . 3 65 - 91 

JANUARY 29 . 3 16 . 8 23 . 1 159 . 1 

FEBRUARY 30 . 5 17.4 23.9 77 . 5 

MARCH 29 . 9 15 . 8 22 . 9 99 . 1 



Rainfa l - For the year 1997 = 873 . 8 mm 

~ab:e 1 shows the average maximum and minimum temperature (°C) and 

he ':otal rainfall (mm ) during the months of 1997 - March 1998 

~ompared with the near normal rainfall categories for the orth 

West province bas ed o n 63 years data, and the mean maximum and 

mean minimum temperature for the North West province based on 35 

yea rs data (Long-term operational Group Information centre 

\ L GI C) o f the Sou th African Weather Bureau 1999) The 

researcher f ound it necessary to make reference to these figures 

of 1997 , mainly because the vegetation that is dealt with in this 

study was collect ed in March 1998 , therefore it would have been 

influenced by the rainfall and temperature of the summer season 

in 1997 . These recordings were obtained from Weather Bureau in 

Pretoria , where the recordings are actually done o n a daily 

basis . For the purpose of this study only the average recordings 

for each month were considered (South African Weather Bureau , 

npubl . June : 1998 - Appendices D, E, F ) . 

Table 1 shows that there is a seasonal change in the 

tempe rature . From September to March are summer months with 

temperatures above 2 5 ~c and higher , while April to August is 

wi . ter when temperature is below 24 °C. 
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_::-'.e ::-.::.:--. .:..:-:-1.1..L--:1. -: empe r at u res f o r the warmer moni:hs were above ll ·C and 

:h ~se f o r t he cool er mo nths dropped down to 3 . 6 :c i June , the 

co l dest month f o r the year . When considering the average or mean 

~emp e r atures for the year 1997 , December seems to have been the 

~a ttest mont h for the year , with the mean temperature of 25 ~c , 

1~s actual maximum temperature was 32 . 6 °c . The next hottest 

mon t h i n this period was February with a mean temperature of 23 . 8 

C, then came November and January with the mean temperature of 

22 . 2 C and 22 . 9 :c respectively . March and Octobe r had similar 

mean temperatures , these had 20 . 4°c and 20 . 6 °c . 

Septembe r has a mean temperature of 18 . s 0c this was then 

followed by April with a mean temperature of 1 6 . 3°c . August has 

a mean temperature of 15 . 6°c The weather was getting cooler 

d u ring the months of May , June , and Jul y , when the mean 

temperatures were 13 . 6 °c , 11.8°c and 12 . 0°c but June appeared to 

be the coolest month for the year 1997 . The temperature of the 

first three months of 1998 were also recorded . It can also be 

o bserved that these first three months have really been hot , 

thus , J anuar y had the mean temperature of 23 . 1°c , February 23 . 9°c 

and March 2 2. 9°c . 

~ h e g rap h in fig . 2 also shows rainfall distribution for each 

month for t h e year 19 97 to 

Bu rea u , unpubl. June : 1998 ) 

Weat h er Bureau in Pretoria . 

May 1998 (South African Weather 

The recordings were also from 

More rain wa s obse rved during the 

f i rs five mo nths of the year ( 19 97 ) , thus , January , February , 
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RAINFALL FIGURES FOR 1997 - MAY 98 

200 

~ 150 - --
~ 

z 
_J 
_J 
<( 
LJ... 
z -
<( 
~ 

100 

50 

0 _.I 
JAN MAR MAY JUL SEP NOV JAN MARMAY 

MONTHS 

Fig . 2 Chart showing rainfa ll figures for the yea r 1997 up to May 1998 in Mafikeng 

area. Figures were obtained from Weather Bureau in Pretoria because the recordings in 

t h e park were incomplete . 
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·-: a~cn , A9ri: and May , these mon t hs h a d rainfal · amo n s o f more 

:..:-:an 100 mm , even April and May which were considered cool months 

~ad rel aLi vely high rainfall . The winter months had less rain . 

Sea s ona l ~ainfall promotes plant growth more strongly during 

warm on hs han during cold months. This is because o f the 

presenc e of enough sunlight for the purposes of phot o synthesis , 

here f o re the growth of plants is favoured if there is enough 

water and enough sunlight and warmth for the germination of 

seeds . Ricklefs (1990 ) showed that wind and solar radiation 

interact with temperature to determine therma l stress ; 

temperature and humidity together influence water balance . 

Figure 2 also shows no rainfall 

lowest temperatures recorded . 

in June little in July , with 

December was the hottest month 

with a temperature of 32 . 6 °c and the rainfall was low, only 52 . 3 

mm , while June was the coldest month with the maximum temperature 

o f 20 . 0 -c and minimum temperature of 3 . 60 °c and also the most 

dry month of the year . When compared with the long-term figures , 

there was no conspicuous differences as far as temperatures were 

conce rned (Table 1 ) . 

Year 1997 seems to have not changed much from the othe r years 

where it was observed that hot months receive the most rainfall , 

in this case the amount of rainfall decreased during the second 

ha f o f the year, even though the temperatures increased but 

there were less rain . But 1997 seems to have had more rain 

because the total rainfall for the year was 873 . 8 mm which is not 
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a b a d fig u r e f o r such a ho t year . The amount o f rainfall f o r the 

fir s t five mo nths o f the year 1 997 seemed t o· have been ver y high 

when compared with the long term rainfall figures f o r the North 

West Province for the past 63yrs (Table 1 ) . Comparatively 

June 1997 had no rain at all while for other years there was 

little rainfall . The rest o f the year recei ved less rainfall as 

c ompared to the first half of the year . 

The first three months of 1998 had better rainfall but heaviest 

rain was observed only in January . The figure then dropped during 

the next month from 159 . l to 77 .5 mm . The information from the 

Bureau shows that even though rainfall increa$ed in March , to 

99 . 1 mm but dropped in April to only 7 . 2 mm and none at all in 

May. 

2 .1. 4 GEOLOGY AND SOILS 

Botsalano game reserve has a high ground area that is shallow , 

stony and rocky in some places (fig. 3) . Red and brown loamy to 

sandy loam being derived from the Dominion Reef , Black Reef , and 

Vente rsdorp quartzite banded iron- stone and lava . 

The valley bottoms have Amabele , Kusasa , Grovedale and Slangkop 

which are shallow and poorly drained soils . These are derived 

from the reefs mentioned above. The land has also dark brown 

sandy- clay to sandy loam that are made of calcrete overlying the 

No rthern Cape granite rocks . Soils on steep slopes drain well , 
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o fcen causing moisture stress for plants at che same cime that 

che soils o f nearby lowla nds are saturated with wat er 

(Rickle fs: 1990) 

2 . 1 .5 TOPOGRAPHY 

The l and is gently undulating, comprising six low ridges that 

nearly run parallel to each other , east t o west across the 

reserve . The only steep slope is the North facing slope of a 

single hill on the South part o f the reserve , where the Northern 

part of the hill is cut by a game fence , including a fraction of 

this hill inside the park. There are al s o some deep depressions 

within the park where water accumulates . 

2 .1. 6 VEGETATION (SOURISH MIXED BUSHVELD} 

This is a semi - arid biome which is rather more clearly defined 

veld type than is the mixed bush veld , occupying an irregular 

belt on the gentle slopes to the mountains , between the s ou r 

types of the plains and valleys . It is generally a rather open 

savanna with Acacia ca ffra the dominant tree and karee woodlands 

which open ou t into extensive grasslands in a fairl y tall dense 

g rass veld dominat ed Cymbopogon plurinodis , Themeda triandra , 

£1io~urus muticus and Hyparrhenia species (Acocks : 1975 ) . 

In Botsalano, grass communities were recognised and sub - divided 
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' a ) tall grass stands , in under gra z ed area composed o f Themeda 

er ia .'"1dra and unpalatabl e Cymbopogon exca vat us and Cymbopogon 

o..'. : .. ::.:- .:.., odi s . 

( b ) sho rt grass stands , in old farmlands , compo sed mainly of 

Eragrostis species and some few scattered Cynod on dactylon 

patches . 

(c ) a mi xture of tall and short grasses o n high ground , r ocky , 

over grazed areas with prominent stands of Digitaria species , 

An t hepora species , Heteropogon c on tort us and Brach iar ia 

nigropedata . 

(d ) a mi xture of tall and short grasses on va lley slopes and 

bottoms , composed mainly of Aristida species . 
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CHAPTER THREE 

METHODOLOGY 

3.1 SAMPLING PROCEDURE 

Different sites were identified in the park . This identification 

was based on the level o f utilisation of the specific area 

within the park . The main purpo se being to sample a range of 

sites representing different levels o f utilization . There were 

some areas mo re utilised than others, while some were mostly 

over utilised , under utilised , or moderately utilised. Each site 

was given a number . 

The choice of sites was made in such a way that most other 

factors were kept constant such as soil colour , i . e sites were 

chosen most ly o n reddish soils because it seemed to be most 

extensive soil type of the park . The only difference allowed , as 

far as possible was the level of vegetation utilisation . 

Whittaker ( 1978) stipulates that among the many kinds of 

information that may be gathered , some are more appropriate than 

others t o the character of the community , the investigator ' s 

research purposes (Cain & Castro : 1959 ; 3) , and the requirements 

imp o sed by plans for subsequent data analyses. Howe ver , Gauch 

(19 8 4 ) says sampling must be appropriate in intensity and breadth 
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-::. o support: rese ar ch co nclusio ns , but similarl y , it shou l d no t 

occupy la r ge amounts o f time and res ourc es beyo nd tho s e requi red 

for the r esea r ch obj e c ti ves. 

S i t es were taken very close , farther and very far from the 

d r i. k ing p la c es . Drinking places were chosen in this study 

becaus e o f ten t h ere can be observable vegetation changes aro und 

drink ing plac es . This has also been observed by Perkin & Thomas 

( 1993 ) in Southern Africa , Andrew (1988) in Australia and Archer 

& Smeins (1 9 91) , Fusco et al . (1995) in South Western North 

America that the effect of grazing is particularly marked around 

bo reho les o r water points where grazing animals are concentrated 

i n high densities for long periods. Andrew (1988) and Pickup 

(1 99 4 ) als o agree that in general , distinct zones of bare soil , 

ephemeral plants , woody shrubs and grasses (the ' piosphere ' ) may 

b e distinguished from the water point to the outer edge of the 

intensivel y u sed area . 

the park were visited . 

In this case two main dr i nking dams in 

Areas closer to the dam or drinking 

points tend to be over utilised as animals come to them regularly 

f o r drinking . When taking records in the field , twenty paces 

were taken g o ing away from the water point to ensure a good 

re p resentati o n of all levels of utilisation . Animals often come 

t o the tree for different reasons . One of these is coming for 

shade o n h o t d ays , thus utilising the areas heavily . Such sites 

we r e sele c ted to represent over utilised areas . 
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~amping sites with permanent structures such as hou se s which are 

:ocated towards the c entre o f the park were sampled t o represent 

less utili sed areas . Animals do not oft en visit such areas f o r 

fear of being harme d by the people hence these sites tended to be 

minimally utili sed. In the park there were other buildings such 

as h e management o ffices , houses f o r people who stay in the 

park . Animals d o not o ften come around such area therefore these 

were less util ised by the animals . These sites were taken aro und 

the Manager ' s house , Sergeant ' s house and the administration 

block . There was a constant noise coming fr om the generator next 

to the manager ' s hou se which cou ld probably scare the animals . 

Most animals o ften like the concave slopes o f the park mainly 

bec a u se o f the exposure to the sun . A variety o f grasses exist 

here as the rain washes the s o ils to these concave sites , and the 

accumulation of water also provides favourable moisture 

condi tions hence a better production . Other sites were taken 

where there used to be kraals , the vegetation there has not yet 

recovered there f ore sites taken there were also representative o f 

over utilised sites . Other sites however were also taken moving 

a way from the old kraals into the park to mark the vege tati on 

differences . 



30 

3 . 2 DATA COLLECTION AT EACH SITE 

3.2 . 1 METHOD FOR VEGETATION COMPOSITION 

A point me hod which is essentially a method for expressing 

bo anical composition in terms of cover (Brown : 1957 ) was used in 

this study , although in this ca se the method was modified . A 50m 

long string with a pole at each end , was used. This string was 

marked at 1 m interval . The string was stretched, then the 

experimenter used a pointer made of wood to point at the species 

which coincide with the marked points . The diameter of the 

pointer was kept as fine as possible because its diameter can 

affect the results (Goodall : 1952 ) . In each case if the species 

was hit directly the name of that species was recorded next to 

the point number , if the hit was not direct and there was no 

other plant within a radius of 15 cm, the point was recorded as 

ba re, so there was either a hit or a bare recorded . This can be 

supported by Brown ( 19571 when she mentions that usually on 

de se swa rds any above - ground part of the plant is recorded as a 

hit , some workers count only hi ts on the base of the point 

(Clarke et al : 1942) . 

Staples ( 194 5 ) counted hi ts made on vegetation present in the 

firs inch above the surf ace of the ground , and a point which 

failed to touch a plant was recorded as bare space . However, 

this metho d still has some limitations , Brown (1957) also shows 

that the relati v e merits of the different methods of recording 
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nits have be e n studied and compared. Wh en only the first plant 

~it is recorded , there is a tendency f or the tall plants to b e 

~1t mo re frequently ~han low or prostrate ones . When only hits 

at ground level are counted , the creeping grasses and prostrate 

plants secure more than their fair share of hits . When all 

species encountered are recorded as the pointer is pushed to the 

ground , then the shorter plants are placed on a parity with the 

taller ones (Tinney , Aamodt and Ahlgren : 1937 ) 

The following citations are used to justify the choice o f number 

o f points for this study. For a pasture , where information on 

dominants only was required , Levy and Madden (1933 ) considered 

1 00 points to be sufficient , because they were focusing only on 

the domina nts , whilst 400 or 500 points could be considered for 

the less abundant species . Crocker and Tive r (1948 ) tested the 

number of points required for reliable sampling of pasture fields 

in the south-east of South Australia , each field being 14 to 150 

ha in area and widely different in botani cal composition , soil 

type and past history . The standard deviations and coefficient 

of variability indicated a decrease in vari a bility with increased 

number of points. The decrease in variability was particularly 

marked between the 100 and 200 point level , less so between the 

200 and 300 or the 300 and 400 point level , it was scarcely 

e vident above 500 . Their tables show that with 100 points 

analyses are too inconsistent for even broad ecological studies . 
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"T :--.e :-rarked decre ase in the 400 , however suggest that so far as 

:~e d om1~an species are conce rned , the op timum number o f points 

for a compromise betwe e n accuracy , speed and practical 

re iability is to be f o und in this range . u (Crocker and Tiver: 

19 4 8 ) . A sparsely covered area requires more points than one 

w:--.ich is well covered (Brown : 19 5 7 ) . In a lowland veld of 

Lesotho , cover o f abou t 50 % of the vegetation can be sampled with 

200 points in 2 ha and 4 ha plots . In pastures in the Transvaal 

high v eld wh e re there is a high proportion of bare ground , West 

( 1937 ) used 1000 points . 

It has been calculated that to reduce the standard erro r of the 

mean to less than 10 % for dominant species and 5 % for the less 

abundan t species it would be necessary to test 400 t o 1500 and 

2400 to 4000 po ints respectively . To reduce the standard error 

o f the mean to 1 % approximately 80 , 000 points would have to be 

tested (C larke et . al. : 1942 ) . 

After the completion o f al l the 50 points , the experimen ter moved 

five paces within the same homogenous vegetation area and made 

anothe r set o f 50 points making a total of 100 points , another 

five paces were taken and the last set recorded . So that at each 

site 150 points were recorded . In the same nerve , Brown (1957 ) 

cit es that the number of points does not depend on the size of 

t he field but rather on the nature o f the v egetation , its 

vari ety , the closeness o r sparseness of the cover , and also on 

the pa rt of the plant o n which hits are to be recorded . 
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~~ Ln~s SLud y , those plants which could no t be identified byte 

experimenter in the field , were collected , given an 

de Llt·cation number , preserved and taken to the herbarium f o r 

~dentification . 

The basal hits and the nearest plant recording (to 15cm) were 

both recorded as hits and only in the absence of any plant within 

a 15cm radi us was recorded as bare . 

When calculating the percentage composition for each species , the 

number of hits o f a part icular species were checked from the 

re cord o f that site , that number of hits wa s di v ided by 150 which 

was the tota l number of points per site and multiplied by 1 00 . 

For inst ance , in site 2 , Aristida congesta had 48 hits recorded 

out of 150 points , therefore its species composition or abundance 

value was calculated as f ollows : 

48 X 100 32 , 0 % 

150 

The resul ts of these recordings can be f ound in tables on Species 

di stribution table 3 . 3 and table 3 .4 . The percentage composi ti on 

was calculated f o r every species using the f ormula ; 

No . Of Species A X 100 

150 
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3.2 .2 SOIL SAMPLING 

A s o sample was co llected at each site , for the sake of 

uniformity on all sites . The soil sample was taken at every point 

number 25 of the transect in the middle . 

Sm 45m j,5 paces 

' -i 
25m 5 paces 

Soil sample 

' 
Sm 45m 

fig . 4 The soil sample was co llected at the middle transect at point 25 as shown in 
this figure f o r all the 70 sites under consideration. 

The soil sample was collected and labelled according . to site 

number . E . g . site number 10 , the soil sample was given number 

10 . 

Localised differences in the soil that were not represen t ~tive of 

the site were avoided , for instance , where a bed rock had been 

obviously removed , or where droppings of a rhino were visible. 

The purpose of testing any soil sample is to obtain information 

about a particular soil (Black et al . : 1965) For any population , 

thus in this case being the larger aggregate of the soil material 
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~ ~ e ~~ ~ :e s~te , ~~ere are certain characteristi c s which 

:iesc ri b e i1: . These may include the percen 

amount of s ol uble salts , o r the pH value . 

organic matter , 

The purpose o f 

sampling ere o r taking just a cupful o f soil was to estimate 

t hese characteristics and others such as cation exchange capacity 

with an accuracy which would meet the researcher ' s needs at the 

lowest possible cost both money and time . 

The sample was taken at the topsoil down to a depth of about 1 0 

- 15 cm with the belief that if the population was relatively 

homogenous , a very small sample might tell us all we desire to 

know about the population . With soils , however , variation and 

hete r ogeneit y seem the rule rather than the exception (Black et 

al . : 1965 ) . 

3.2 .3 BIOMASS DETERMINATION 

Biomass or standing crop is defined by Kent & Coker (1992) as the 

amount o f plan material present in a quadrat at a given time . 

The harvests o r cut weights that were collected from the field 

were taken to the laboratory , dried in the oven for 24 hours at 

the temperat ur e of 105 °c and then weighed . The results were 

recorded in grams t o two decimal places ( refer table 2 ) . 



~cr ~e r s ca rry ou t ~~e weight analys is in many differenc 

wavs i:1 the field . Brown ( 1957) describes the f our general 

p r ocedu res f o r c arrying out an analysis by weight as; 

a samp e of the vegetati on is cut , separated into species 

and each species is weighed . 

a s a mple of the ? egetation is cut and the relati ve weight 

o f each species is estimated by eye in the laborat o ry 

the relative weights of species in sampling units are 

estimated in the field 

the weights are estimated in the field by means o f plots 

Of all these procedures , the first one seems to be the most 

accurate of all for c riti cal investigations regarding the 

behaviour of species and strains in seeds mixtures , in manuring 

trials and in studies on the effect o f management . Brown (1957 ) 

confirms that it has been developed chief ly for measuring 

accurately small differences between pasture s of the dense humid 

type . The othe r three procedures are f o r surveys , preliminary 

trial s on dense pastures , and trials where big differences in 

results are expected , as on natural grasslands , rangeland type or 

any land which has been developed to i~ s full capacity . 

In this study , the species were not separated , only the total 

weigh of the species was recorded . Poulton (1948) thinks there 

is a ca se for using the accurate cutting and weighing technique 

o n range land , since sampling intensity is a functi on o f the 

heterogeneity of the vegetation and not o f its extent , the nwnber 



sa~~ ~1~ g ~~~ts need ~ot be e xcessive and therefore the time 

reauired f or sampling and analysis should not deter anyone fr om 

~si ng weight as the c riterion of measurement . 

3 . 2.3 .1 HARVESTING 

Living plant biomass was harvested in 0 . 5 m x 0 . 5 m plots at 

poin ts Sm , 45m of first and last 50m lines , and at point 25m of 

the . idd e line in each site . 

[ 5ml 25m [ 45ml t 
5 paces 

' 
Sm [25ml 45m l 

5 paces 

i 
[5ml 25m [ 45m l 

50m 

r~g . 5 figure showing the harvest posit io ns at each transect in each of che 70 sites. 
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·_;:,::...:s.:::-:'.'.:'::y ::.n !",eight f or cu tting is very important . Th is was 

~aintained by guiding the worker with four s mall black poles with 

as rir.g tied around the poles. The cutting was done below the 

ha'.1d , this was for reasons of keeping fixed distance from the 

grsund . 

Clipping s were made by the hand shear and the harvest placed 

inside the brown paper bag. The paper was labelled according to 

the site number first, then the point number , thus for each site 

there were fi v e harvest samples , two point S ' s , one point 25 and 

two point 45's, as shown in figure 5 . The paper bags were 

labelled from harvest one to harvest five respectively . 

Example of a label : 10 . 2 , Number 10 represents site number 

and the figure 2 represents harvest number two . All labels for 

site 10 were written as follows : 10 . 1 , 10 . 2 , 10 . 3 , 10 . 4 , and 

10 . 5 . 

Br own (1957) supports that small area , up to a square metre or 

square ya rd are usually cut by hand with shears . Shears can deal 

with h erbage of any height , and an efficient or experienced 

worker can clip plots quicker than any machine . For the finer 

grasses , shears are handy because they hold the clippings . 
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3.3 SOIL ANALYSIS 

analyses procedures were conducted by the researcher 

wic~ the help of the soil science technicians at the Faculty of 

.Z\gric cural Sci ence laboratories of the University o f North 

J.Jes t. The f~llowing analyses were conducted : 

soil texture (percentage o f clay , sand and silt ) 

soil co ou r 

cation exchange 

determination of K, Na , Mg and Ca . 

det ermination of organic carbon 

3 . 3 .1 SOIL COLOUR 

Soil colours are most conveniently measured by comparison with a 

colou r chart . The collection of charts gene ra lly used with soils 

is a modified version of the collection appearing in the Munsell 

"Book o f colour" and includes only that portion needed for soils , 

about one-fifth of the entire range found in the complete 

edition. (Munsel l soil colour charts : 1975) . 

Th e se v en charts in the Soil Collection display 199 different 

standard colour chips systematically arranged according to their 

Munsell notation s , these cards are carried in a loose leaf 

not ebook . h e arrangement is by the three simple variables that 

comb ine to describe all colours and are known in the Munsell 

sy s tem as Hue , Value, and Chroma . 
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:: ·_: :: ::.'.::::a.:::_cn of a colou r i nd i ca t: e s its relat:i on t o Red , 

Ye::=~ , Green , Blue , a nd Purp l e; the Value notation ind i c ates its 

:igntnes s ; a d the Chroma notation indicates its strength (or 

deoa~c~re _r om a ne u tral o f the same lightness ) . 

Whe u sing t h e c olour charts accurate comparison was obtained by 

hol ding the s o il sample placed in a test tube directly behind the 

aper t ur es separating the closest matching colour chips (Munsell 

soi colour charts : 1 97 5 ) . 

3 . 3.2 SOIL TEXTURE 

3 . 3 . 2 . 1 VALUE OF TEXTURE IN PLANT GROWTH 

The mineral particles of a soil , range in size from those easily 

discernible with the naked eye (stone , gravel , and sand ) to those 

eve n be ow the range of the electron- microscope (colloidal 

comp l exes ) . This is just the relative propo r tion of mineral 

constituents classified according to their si z e . 

to a cons iderable extent soil porosity a nd , 

It determines 

consequently 

permeability to air and water , which are essential for root life 

and ma ny processes that take place in soil . Foth et al. ( 1976 ) 

make a po int that the texture of the soil largely determines the 

amo unt o f surface area that is available for a d s orption of water 

and nutrie nts. In addition , texture also affects the total 

amou n t and size o f the individual pores which for the most part 

de termines the rate and amount of air and wate r movement through . 
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:::: :---. s 2q: :..: 2:---,::.2. y , the rate of water intake , water supplying power , 

:2 r :~~ity , er o sion and aeration are all c losely rela ted to s oil 

A high content of coa rse const ituents usually increases po r osity . 

But clay humus bond single soil grains together int o larger 

aggregate s. Buckman & Lyon (1943 ) also show that the texture of 

the soi influences the percentage of humus and nitrogen present . 

A sandy soil , f o r example , u sually carries less organic matter 

and nitrogen than one o f a heavier nature. This is probab le due 

to the lower moi sture content and to the more ready ox idation 

that occurs in the lighter soils . Soils lying along streams , 

because o f their mo isture relations are generally much highe r in 

o rganic residues and nitrogen than their upland equi v alents . 

The lime conten t of a soil , i t s drainage and erosion , its 

vegetative c over , and the vagaries of weather are other fa cto rs 

that may exert an influence upon the accumulati on and the 

activity o f the soil organi c matter and it s nitrogen . 

Helling , Chesters and Corey (1964 ) found that in soils with 

unifo rm c lay mineralogy , about 92 per cent of the variation in 

Cat ion Exchange Capacit y (CEC ) could be attr i buted to their clay 

and organic matte r contents . Soils h i gh in o r ganic matter have 

a potentially large CEC which is pH - depende n t . One reas on why 

many natural peats are infertile is that their low pH values ( 3 

- 4 ) result in low CEC . The pH- dependence o f organic CEC is well 

illustrated by He lling , Chesters , and Corey (196 4 ) . 



::._ 93 4 a~ emp~ed ~c charac terise the contribution 

~ade by soil organic matter to the permanent and pH - dependent CEC 

properties of several clay s o ils in the southern United States . 

They found that in montmo rill oni te - dominated soil , removal o f 

organic matter caused as increase in CEC while in soi ls of mixed 

clay mine ralogy , removal of organic matter resulted in a dec rease 

in CEC . 

3 . 3 . 2 .2 DETERMINATION OF SOIL TEXTURE 

The texture of a s o il can be determined by manipulati on of moist 

soil in the hand , the feel method , or by a laborato r y method such 

as the Bouyoucos hydrometer method if greater ac curacy is 

required . Thi s is the method which was adopted in this study . 

Fifty grams o f soil from the collected dry sample wa s placed into 

a 250ml beaker . It was transferred into the milk shake cup , and 

to this 20ml of calgon solution was added . Calgon solut ion was 

made by disso lvi ng 35 , 7g of Sodium hexametaphosphate [ (Na PO4 ) oJ 

and 7 . 94 g Sodium carbonate (N a cCO 3 ) in 1 dm de - i onised wate r . The 

main function of this solution was to break down small colloids 

chemically . Wat er was then added to the cup and stirred for 10 

minutes with the milk - shaker (the shake r breaks down s oil 

particles physically ) . After shaking , this was transferred into 

a measuring cylinder of vo lume 1075ml and covered to prevent any 

loss through evaporation . 



::-:.:_s :..e:::od t'tJO bas.:_c process es were combined, t.hat is 

d ~spersion and sediment.ation . Dis persion deals with the 

separat.ion of individual soil particles so that they remain 

seoarat.ed during the determination , to accurate ly ind icate 

particle size distribution . Since aggregates of solid particles 

are usually h e ld together by some kind of binding , it is first 

necessary to remove these substances , or at least render them 

ineffec tive, this is the role played by Calgon solution . Once 

the compound particles in the soil are separated into individual 

particles , are said to be dispersed (Foth et al . 1976 ) . 

Sedimentation concerns the settling rate of the dispersed 

particles . Large particles are known to settle out of suspension 

mo re rapidly than do small particles . This is because larger 

particles present less specific area , 

small par i cl es. 

hence less buo yancy than 

3.3 . 2 .2. 1 SAND DETERMINATION 

The stop watch was used to record the time . The solution that 

was prepared in section 3 . 4 . 2 . 2 above , had to be shaken and the 

t ime of stopping to shake was recorded . After 4 minutes the 

hydrome ter was inserted and the reading from the hydrometer 

recorded . The temperature here plays an important role because 

when the temperature was low the hydrometer reading was high , but 

when the temperature had increased then the hydrometer did not go 

very deep hence a low reading. Foth et al. ( 197 6) cites that the 



j~ ~s ~t j o f wa ter and its vi sco s i t y bo th c hange s o that parti cl e s 

se t: ~e f aste r with i nc reased temperat u re . 

The tabl e which gi v es the percentages of sand (Appendix B) with 

: :: e ::::omparis o n o f the hydrometer reading and temperature was 

us e d . he re c o r d e d hydrometer reading was checked acro ss under 

the co rrespo nding temperature reading , and the percentage of sand 

r eco r d e d u n d er the specific hydrometer reading and temperature 

in each sampl e was re co rded. 

3 . 3 . 2 . 2 . 2 CLAY DETERMINATION 

Th e p r o cedure for this was similar to the one for sand , except 

that f o r cla y , the same solution that was prepared in sect i o n 

3 . 4. 2 . 2 above was shaken , time recorded and sample had to be 

l eft f o r 8 hours after which the hydrometer would be immersed . 

Th e t e mperature of each sample was also recorded in this case . 

The lower the temperature , the lower the hydrometer reading , and 

h i ghe r the temperature the higher the hydrometer reading as well . 

Th is showed that in cool solutions the particles take a longer 

time t o settle and that they settle faster in warmer solutions. 

Th e tab le also has hydrometer readings and temperature recordings 

ac r os s, t herefore to find the percentage of clay , the temperature 

rec o rded for a certain soil sample is checked against the 

co rresponding temperature , and the value found there is recorded 

, that rep r es e nt s the percentage of clay. (Appendix A - table 

fo r clay in s o i l , Appendix B- table f o r sand in soil ) . 
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3 . 3 . 2 . 2 . 3 SILT DETERMINATION 

This was calculated from the pe rcentage o f sand and clay obtained 

c ~ ~ eac~ sample . 

T~e : o rmula sed was : 

~ '..I .,J 
(:. sand + % clay ) = % silt 

Examole 

Sample 1 

"' sand = 80 % clay = 12 

100 "" ( 80% + 12 % ) = % silt 

00"' 92 % = 8% 

3.3 . 3 DETERMINATION OF CATION EXCHANGE CAPACITY 

{ Ca , Mg , K AND Na} 

(i) Value or role of cations in growth or species distribution ; 

The clay and humus fractions of the soil are made up of extremely 

small colloidal particles . The particles have a large surface 

area per unit vo lume and because o f their structure have a net 

negative electrical charge . Cation (ions with a positive ( + ) 

charge ) are attracted to the negatively charged surfaces and 

include ions such as Ca , Mg , K and Na of the clay and humus 

particles . This c apacity to attract and ads orb cations is called 

the cat ion exchange capacity of the s o il . One of its most 

significan features is that it is a temporary storehous e for 

arge quanLities o f available nutrients such as calcium, 

magnesium , and potassium that are partially protected fr om 

leaching yet are availabl e for plant consumption . 



~~~s ~s cas~ca::y che reason why these were determined in the 

sc:: ~~ samples . Under nat ura l conditions when exchangeable 

magnesium and Potassium are removed from the clay and 

h um s by leaching o r plant absorption, they are replaced by 

hydrogen . This exchangeable hydrogen is responsible for soil 

acidity ( Fo th et al . : 1976 ) . 

(ii) The role of ammonium acetate in this procedure : 

Ammonium acetate has been used here because of its valuable 

qua ities . Firstl y , it is highly buffered . As a result , when 

a neutral one Normal ( lN ) solution of Ammonia acetate is used to 

saturate a soil with Ammonium , the last part of the solution 

leached through the soil emerges with the same pH as the solution 

added . 

Secondly , Ammonium also has special advantages in connection with 

measurement o f the cations displaced from soils . However , 

Ammonium acetate has some disadvantages . With soils of high 

o rganic matter content , and with soils containing appreciable 

kaolin , halloysite or other 1 : 1 type clay minerals , it will often 

give s omewhat lower values for exchange capacity than the Barium 

acetate or Barium chloride - triethanolamide methods (Mehlich : 

1945 ) . This i s due to the less complete replacement of adsorbed 

hydrogen and Aluminium ions by Ammonium acetate . Also with soils 

wh ich contain vermiculit e clay , interlayer cations such as Ca , 

Mg , a or H can be replaced by Ammonium, but the Ammonium so 



::xe~ : s ~c t t~e~ replaceab le by t h e us ual met hods e mpl oye d . The 

p r ocedu re here co nstituted two ma in step s , that is extraction and 

::lete r mina i on . 

3 . 3 . 3 . 1 EXTRACTION 

Fort e extrac tion par t , 10g o f s o il was measured and , p la c e d in 

a 1 00 cm c entri f uge tube , s toppered tub e , st oppered and t h e mass 

o f tube and s o il was d e t ermined . 

3 . 3 .3.1. 1 FORMATION OF SOLUTION A FOR DETERMINATION OF 

Ca , Mg , Na and K 

50cm3 o f 1 mol dm- 3 Ammonium acetate solution was added and shaken 

hori z o n tally by an electric shaker for 60 minutes . 

was remo ved fr om t he s h aker a nd left overnight . 

The sample 

I t wa s t he n 

c entrifuged at 3500 rpm to ob t ain a clear supernatant s o lutio n , 

this was done f o r 1 0 minutes . 

The s upe r nata n t solutio n was then decanted as comp le tely as 

possibl e into a 100 cm3 vo lumetric fl a sk , without losing any soi l . 

Again 5 0 cm3 of 1 mol dm- 3 Ammo nium acetate s olution wa s added to 

the s o i l and sha ken we l l by hand to ensure that the s o il had 

d ispersed pro p e r ly . Th is was then placed on sha ker f o r 30 

minutes , centr ifu ged a nd clear solution d e canted int o t he same 

100 cm; v o lumetr i c f l a s k . 

Ammoni um acet a t e s oluti on . 

Th e volume was then made up wi th 

This was filt e red and kep t f o r t h e 

determination o f Ca , Mg , Na and Kand was labelled s o l u ti on A . 



3 . 3.3.1.2 DETERMINATION OF CALCIUM (Ca) AND MAGNESIUM (Mg) 

determine Calcium and Magnesium , 5 cm3 of Ammonium acetate 

ex racL 1solution A) was pipetted into a 200 cm3 volumetric flask . 

10 cm" La - solution and 10 cm3 of 6 mol dm- 3 HCL were added to 

dissolve any precipitate . The volume was then made up with de-

onised water . Ca and Mg were determined on an atomic absorption 

spectrophotometer . 

In the absorption method light of the proper wavelength is passed 

hrough the flame in which the element being determined is 

·present. Light is absorbed by the neutral atoms and molecules . 

ca > and Mg> are not easily excited therefore they need a high 

temperature flame which can be obtained from an atomic absorption 

spectrophotometer . On the other hand this high- temperature flame 

favours the line radiation of Ca2
T and Mg 2

+ since with an increase 

in te perature there is an increase in neutral atoms through 

di ssociation of molecules containing elements . As the temperature 

increases , interferences are reduced for Ca 2
+ and Mg 2

+ because 

there are more neutral atoms available for excitati on and fewer 

atoms comb ined with 0 , OH , P , Al etc . (Black : 1965) . 



3.3.3 . 1.3 DETERMINATION OF SODIUM (Na) AND POTASSIUM (K) 

vllhe:7. excited at oms , ions and molecules return to lower energy 

levels , light at characteristic wavelengths is emitted . Excited 

atoms and ions give "line" radiation at very definite 

wavelengths . The wavelength of the spectral line used f or 

determining pota ssium is 766 , 5 nm on the atomic absorption 

spectrophotometer . The most useable emission spectra f o r sodium 

analysis are the 589 , 0 and 589 . 6 nm lines . All alkali metals are 

easily excited by a flame therefore to reduce interferences from 

othe r elements and to lessen ionisation , a low (cold ) flame is 

recommended. This is mainly because K+ and Na + are more easily 

excited than Ca 2+ and Mg 2+. 

3 . 3 . 4 DETERMINATION OF ORGANIC CARBON 

Schollenberger (1927) proposed that organic material in soil may 

be o xidised by treatment with a hot mixture of K2Cr20 7 and 

sulphuric acid . 

After completion of the reaction , the excess dichromate is 

titrated with iron (I I ) ammonium sulphate hexahydrate . The 

reduced dichromate is assumed to be equivalent to the organic C \ 

p rese nt in the sample , assuming that soil organic matter has an 

average valence of zero . 



3 . 3 . 4 . 1 PROCEDURE 

Soil was ground to pass a 0 , 35 mm sieve , using a porcelain mortar 

ar.d pestle . lg of dry s o il was transferred t o a 500 cm3 

Erlenmeyer flask . solution was pipetted to the 

s oil sample , the flask was then swirled to disperse the soil in 

the solution . 20 cm3 concentrated sulphuric acid was added to 

the solution , the flask was again swirled rapidly and more 

vigorously f or about 1 minute . 

for 30 minutes. 

The flask was allowed to cool 

150cm3 de - ionised water and 10cm3 concentrated ortho - phosphoric 

acid were added . 1 cm3 Barium di - phenylamine sulphonate 

( indicato r ) was added, titration was then carried on. As the 

end point was approached , the solution colour changed to a dark 

vio let brown . Iron (II ) ammonium sulphate was added drop by drop 

until the colour changed green . Necessary readings were recorded , 

and calculati o ns for the organic carbon were carried out . The 

answe rs reflected the amount of carbon in lg of soil since o nly 

1 g of soil was used. 

3.4 DATA ANALYSIS 

Multiva riate analysis was chosen for this study . The basic 

purpose o f using multiva riate analysis in this research is that, 

this type o f analysis o f community data tend to minimise 

redundancy , re duce n o ise , elucidate relationships , and identify 



ou::. :'.. ie ::::- s ' Gauch : 1982 ) . I t a l s o prov ides relativel y aut omatic 

cbj ective means f or shift ng the level of abst r acti o n f r om raw 

data conveniently c o llected in terr. o f s p e c ies abun d ances in 

sampl es t o community- leve l p r operties suc h as community typ es and 

low- d imensi o nal rep r ese ntat i o n s o f communit y g radien t s (Sh imwell 

: 197 1, Whittake r : 1978 ) . The envi r onment and communit y a re 

defined by a mu l tiple o f variables whi c h often inte ract o r have 

a n influence o n each other . 

Multiva r i a t e ana lyses als o serve to relate communities to o ther 

kind s o f da ta , i n c l udi n g env ironmental and historical data. 

Re sult s f rom multivariate analyses also serv e to i mprove our 

understanding o f communities , making possible better mo de l s o f 

communities . Improved community models then provide the bas i s 

f or d esi gni ng more appropriate and effe c tive mul tivaria t e 

me thods . 

Fo r the pu r po se o f this , the arrangement of unit ( internal 

a nalys is ) o f the samples - b y - spe c ies d ata matrix progresses we l l 

because this matr i x contains sufficient info rmation . (Lambert 

a nd Williams 

i nterpret a t ion 

1962 ) . However , in contrast , the environmental 

(external analysis ) involves search ing f o r 

c o rrespo ndence between c ommunity variation and environme n ta l 

variati o n . 



3 . 5 DATA ORGANISATION 

=~ c~is s~~dy :SPD ( Intergrated Syst em For Plant Dynamics) was 

used . ISPD is a software package which enables the user to define 

re lative y homogenous grazing areas , construct vegeta tion models , 

and store relevant data for each of these areas in a data base . 

The pac ka ge also provides the user with a framework by which the 

modules for condition and g razing capacity assessment and for 

defining appropria te management options can be prepared for 

direct impleme ntation in any area o f natural vegetation . This 

was basically used for model constructions which use 

ordinations o f sampl e sites . 

The numbers of sites were recorded , species were also given 

numbers , which were recorded and followed by their abundance 

scores which were obtained from the percentage composition 

calculations. Only eight species were entered in a row , being a 

requirement o f the software format The format is called Cornell 

Ecologica l Programs format (C EP ) (Hill : 1981 ) . The species 

number and the abundance score within each couplet were laid out 

in the column specified by the format statements . If there were 

more than eight species present in a site , then the site number 

was repeated at the start of the next row and the remaining 

species entered in the same way . A two way table data matrix was 

co str cted . 

Ex ample : 

1 1 10 . 67 2 6 . 00 3 8 . 66 4 23 . 33 5 2. 66 6 4. 00 7 

5 . 33 8 2 . 00 



:. .:. j ~ c:,r 11 2 . 66 1 2 0 . 67 13 2 . 00 2 6 18 . 00 27 ::. . 33 - - . - '- . -., 0 

:c ' - ..., ~. _.:,..:, 

29 1. 33 30 0 . 67 31 1. 33 32 0 . 67 33 0 . 67 34 4 . 00 

4 32 . 00 6 3 . 33 3 25 . 33 7 5 . 33 9 1. 33 8 11 . 33 16 0 . 67 

..., 4 . s7 L. 

11 :i. . 3 3 1 7 1 . 33 26 2 . 00 10 3 . 33 1 6 . 67 5 0 . 67 13 0 . 67 

Onc e all he data had been entered , the next r ow had zeros 

instead of a site number . This means that there are no further 

data . After the dat a terminator (zeros ) , followed the species 

names , starting on a new row , these were written in the same 

order as the specie s numbering of the raw data . For each species 

name , eight columns were used , split into two groups, four first 

lette rs to represent the genus name and one space between , the 

other three for the species name , hence Chloris virgata would be 

CHLO VIR . Up to ten names were entered on one row and further 

name s continue on the next row . The result looks like a jumble 

o f letters . Example : 

A THARG ARISBAR HETECON ARISCON BULBBUR POGOSQU BRACNEG MELIREP 

ERAGECH ERAG TRI 

DIGIERI ARISSCA TRICGRA EUSTPAS ARISDIF ANTHPUB CYMBVAL DIHEAMP 

ERAGSUP ELIO MUT 



~~ ::owi~g the spec ies names , and starting on a new r ow , the same 

~ r~ ~c iple was a ppl ied t o t h e sites . Eight columns were used to 

ident ify e ac h site . Here the word ' survey' was used to record 

site numb e rs . One space was left between the word survey and the 

r.umbe r . Ten names and numbers were fitted on one line and the 

next co n tinued on the next line . 

EXAMPLE : 

SURVEY l SURVEY 2SURVEY 3SURVEY 4SURVEY SSURVEY 6SURVEY 7SURVEY 

8SURVEY 9SURVEY1 0 

SURVEY11SURVEY12SURVEY13SURVEY14SURVEY15SURVEY16SURVEY17SURVEY1 

8SURVEY1 9SURVEY20 

3 . 5.1 ORDINATION TECHNIQUES 

Ordination endeavors to represent sample and species 

relati o nships as faithfull y as possible in a low-dimensional 

space (Anderson : 1971 , Orloci : 1978 , Everitt : 1978 , Noy-Meir : 1979 ) . 

Th e end product is usually two or more-dimensional graph , in 

wh ich similar samples or species o r both are near each other and 

d issimilar entities are far apart with similar sites ending up in 

close proximit y to each other . The techniques used in this study 

wer e DCA (De t rended correspondence analysis) and DMOC (Degradation 

Model Co nstruc tion ) . 



3.7 DATA REFINING 

HabiLat va riati o ns occur within a particular rainfall zone , this 

can the re fore lead to l arge variations or no ise in the data 

(Austin et al . : 1981 , Gauch : 1982) which make the identi ficati on 

o f a reliable degradati on gradient impossible. The initial 

results showed heterogeneity in the ordination results , because 

this was the first step in the analysis procedure , which was done 

by me ans o f detrended correspondence analysis (DCA ) (Hill & Gauch 

1980 ) which is suitable for data sets with relatively long 

g radi ents (Gauch : 1982) . The ordination results o f this data 

were under the influence of variou s habitat fac t ors which were 

inves tigate~ to identify possible relative homoge nous vegetation : 

habitat group s within the data set . The sites for this study 

were del iberately selected to represent differences caused by 

grazing , degradation gradient should occur on the first axis . 

For this reason , the second and higher are combine d into a single 

val ue , that is the residual or distance off the first ordination 

axis . The resultant ordination plot therefore differs from the 

customa ry plot of the first axis against the second . This was 

not the case with the initial ordination . It can be noted on the 

ordination results for all the seventy sites that the ordination 

does not represent any single factor . Most of the sites are just 

jumbled together towards the centre of the graph not spreading 

accordingly to any axis . Under these circumstances re-ordination 

was necessar y , the spread of the samples on the graph was also 

not ideal i . e spreading evenly throughout the ordination graph . 



~ ~e da: a were then spl i t i n t o two sets a cco r d i ng to te x tu re o f 

so ils as th i s wa s f ound out t o b e o ne variable whi ch miJht have 

cont r ibut e d t o o r d inati on results. The two groups were subjected 

t o bo t h DCA a nd DMOC o rdi nati ons and the results were a cceptable . 

S ite s wh i ch were considered outliers were removed fr om the data 

matri x , b e cause these were with residuals larger t h an an 

arbi tra r y 5 0% o f t h e Euc lidean length o f axis-1. The position o f 

site s on the o rdinati o n axis indicates the position of the 

sampl e s a long t h e degradation gradient , but the position along 

he r e sidu al axis indicates a gradient in model fit or 

app r opriateness ( from good to poor ) Thus, if samples are too 

far from the first axis, the ordination mode l does not provide a 

good fit t o the data. 

Af t er dividing the data into sets , ordinations were carried out 

on each set . The first set, which is referred to as model A, had 

th ree samples with residuals larger than an arbitrary 5 0 % of the 

Eucl idean length of axis-1 , were discarded from the data matrix , 

and the ordinations repeated. This model has 26 sites with the 

first axis going up to 89 . 5 and the second axis going up to 38 . 7 

these axes are for the DMOC results (fig. 9 . 1 ) For the second 

set referred t o as model B, six sites were also discarded f o r the 

s ame reas on and the first axis went up to 70 . 1 while the residual 

wa s 3 1 . 1 a l so for the DMOC ordina t ion (fig . 11. 1 ) . The 

o r di na t i ons obtained after that , satisfied one of the condi t i ons 

that t h e sec ond axis should be half or less of the first axis . 
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CHAPTER FOUR 

RESULTS 

Tabl e 2 BIOMASS RESULTS OF ALL 70 SURVEYS 

Results of biomass taken from the five harvest samples of each plot, 

dried in the oven for 24 hours at 1 0 5 °c and weighed . Mean Dry weight 

i s recorded here , standard deviation and yield per square metre as 

c alculated by multiplying the O. Sm X 0 . Sm plot weight by 4 to give the 

yiel d i n grams per square metre . 

SITE NO . MEAN DRY WEIGHT STANDARD DEVIATION YIELD PER Sq.m 

1 62 . 7 4 11 . 3 7 25 0 . 96 
2 63 . 48 16 . 3 4 253 . 92 
3 90 . 62 52 .5 8 362 . 48 
4 75 .4 6 42 . 96 301 . 8 4 
5 65 . 28 1 0 . 39 26 1 . 12 
6 6 3 . 90 13 . 55 25 5 . 60 
7 69 . 58 22 . 07 278 . 32 
8 58.62 14 . 28 23 4 . 48 
9 70 . 90 21 . 19 283 . 60 
10 53 . 26 1 1 . 9 4 2 13 . 0 4 
11 54 . 78 7 . 32 21 9 . 12 
12 61 . 80 4. 9 4 2 47 . 20 
13 5 0 . 6 4 15 . 72 202 . 56 
1 4 48 . 1 4 17 . 25 192 . 5 6 
15 15 . 2 4 3 . 47 60 . 96 
16 56 . 54 8 . 66 226 . 16 
17 64 . 60 1 5 . 23 2 5 8 . 40 
18 56 . 44 28 . 64 225 . 76 
19 19 . 76 0 . 8 4 79 . 04 
20 28 . 18 11 . 8 4 1 12 . 72 
21 69 . 00 31 . 83 276 . 00 
22 52 . 38 13 . 9 1 209 . 52 
2 3 48 . 7 6 12 . 41 1 9 5 . 0 4 
2 4 63 . 52 30 . 45 254 . 08 
2 5 66 . 36 20 . 37 265 . 44 
2 6 53 . 38 11 . 79 2 13 . 52 
27 64 . 5 4 13 . 36 258 . 1 6 
28 21 . 44 25 . 39 85 . 76 
29 22 . 50 1 3 . 01 90 . 20 
30 59 . 68 1 6 . 23 238 . 72 
31 17 . 64 15 . 8 5 70 . 56 



SITE NO . MEAN DRY WEIGHT 

32 25 . 10 
33 42 .5 0 
34 35 . 56 
35 47 . 64 
36 47 . 4 6 
37 58 . 52 
38 50 . 20 
39 48 . 26 
40 69 . 20 
4 2. 65 . 42 
42 40 .54 
43 61.52 
44 48 .44 
45 57.32 
46 50 . 86 
47 42.22 
48 43 . 60 
49 52 . 06 
5 0 50 . 94 
51 67 . 28 
52 49 . 56 
53 60 .34 
54 42 . 86 
55 59 . 6 4 
5 6 54 . 34 
57 58 . 28 
58 51.88 
59 42 . 68 
60 57 . 32 
61 58 . 08 
62 70 . 12 
63 69 . 28 
64 84 . 82 
65 61. 56 
66 54.08 
67 59 . 98 
68 77 . 58 
69 64 . 38 
70 63 . 52 

- " :) 0 

STANDARD DEVIATION 

22 . 7 0 
27 . 39 
11 . 86 
12 . 75 
16 . 11 
19.56 
15 . 58 
15 . 88 
18.97 
19 . 79 
11 . 26 
13 . 81 

7 . 7 5 
22 . 75 

7 . 37 
6 . 85 

10 . 19 
10.83 

7 . 28 
14 . 64 

6 . 03 
11 . 14 
16 . 12 
37 . 69 
15 . 06 
21 . 71 
12 . 69 

9 . 92 
7 . 68 
9 . 32 

11 . 27 
23 . 89 
21 . 07 
23 . 92 

4 . 79 
21 . 32 
23 . 64 

8 . 49 
22 . 9 4 

YIELD PER Sq.m 

100 .4 0 
17 0 . 00 
142 . 24 
19 0 . 56 
189 . 84 
234 . 08 
200 . 80 
193 . 0 4 
276 . 80 
261 . 68 
162.16 
246 . 08 
193 . 76 
229 . 28 
203.44 
168.88 
174.40 
208.24 
203 . 76 
269 . 12 
198 . 24 
241 . 36 
171.44 
238 .5 6 
217.36 
233 . 12 
207.52 
170.72 
229 . 28 
232 . 32 
280.48 
277 .1 2 
339 . 28 
246.24 
216 . 32 
239.92 
3 10 . 32 
257 . 52 
254 . 08 

The r esu lts recorded in the above table show the info rmation on 

bi omass , the first column shows the site numbers , this is 

f ollowed by the mean weight recordings in column two, these 

have been calculated from the five harvest which were made fr om 

each site . The mean is often defined to be the average of 

value s of the distribution , and it is the most commonly used 
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~ea s~ re because o f its simpl ' c it y and other theo r etical 

adva ntages . The mean values f o r different sites were recorded 

o two dee mal places . 

Variance was measu red in units o f squared observatio ns , t o 

obtain the me as ure of spread in the same units as the mean , t h e 

posit i ve square r oo t o f the variance was used and this is 

c alled Standa rd devia tion . These are the values recorded in 

c o lumn 2 o f table 2 . 

The t wo value s , mean and standard devi at ion , are often 

d ifferent . They are neither directly no r indirectly 

p r opo rti onal , thus one cannot conclude that for sites with 

higher mean values their standard deviation will also be high 

or will be low . That is the reason , why these are two 

independent measures. The third column of the table shows 

readings f or yield per square metre , wh i ch were calculated for 

each site . The mean which was calculated for a 0 . 5 m x 0 . 5 m 

plot was multiplied by 4 to convert the yield to yield per 

squa re metre . 



CONSTRUCTING THE HISTOGRAM 

wr.e:1 plotting the histogram , the biomass results were first 

gr ouped into yield per square metre classes of equal width i . e 

30g as shown in the table 3 below . All 70 results in table 2 lie 

b etween 60 . 96g and 362 . 48g o n the working scale and was divided 

inL o 11 classes by taking a 30g class -width . Table 3 was used to 

sort out the raw data into classes with a wide column in which 

a ' slash ' was made as each result was entered and every fifth 

slash was made in the reverse direction to form a cluster o f 5 

for convenience in totalling . Each result was entered only once . 

After entering all the numbers , the number of slashes were 

count ed , recorded and added up to a total of 70. The cumulative 

frequency column was also entered. The last column o f the table 

are percentages . 

Tab l e 3 

CLAS SES 

60 - 90 

90 - 120 

12 0- 150 

15 0 - 180 

18 0 - 210 

2 10 - 240 

24 0 - 270 

DISTRIBUTING THE 70 BIOMASS RESULTS INTO WEIGHT 

CLASSES 

FREQUENCY CUM . FREQ . PERCENT . 

II 2 2 2 . 85 

I 1 3 1. 43 

I 1 4 1. 43 

/Ill I 6 10 8 . 57 

/Ill /Ill /Ill 14 24 2 0 . 00 

Ill/ Ill/ Ill/ I 16 40 22 . 86 

/Ill Ill/ Ill/ Ill 18 58 25 . 71 



") i'"'l1 "'1 Ill/ I r 64 8 . 57 _.ii.., I.., 0 

3~C - 330 /Ill 4 68 5 . 7 1 

33 0 - 360 I 1 69 1. 43 

36 0 - 390 I l 70 1. 43 

70 99 . 99 

INTERPRETING THE HISTOGRAM 

Th is histogram is regarded as a useful summary of a set of 

bi omass results taken from Bo tsalano game reserve . Firstly , the 

h ighe st bar , the 240 - 270 class in fig . 6 is referred to as the 

modal class , or one can say the class which contains the mode . 

Just like the arithmetic mean , the mode belongs to the category 

o f parameters referred to as ' measures of central tendency . ' 

(Wardlaw : 1985) The tallest bar may contain the mode but is not 

itsel f t he mo de . The histogram itself is a f r equency diagram 

because it shows the frequency of occurrence of results with 

particular classes . For instance , the tallest bar , which 

represents the class of 240 - 270 contains 18 observations and 

therefore has a relative frequency of 18/70 or 25 . 71 %. The area 

under the whole histogram represents 100 % of the population of 

results . 

The c entral 5 bars divide the histogram i nto cent ral zone , which 

c ontain s a majority of the observations , leaving ' tails ' on each 

side . The cent ral area represents 60 of the 70 observations , 

which corresponds to 85 .71 % of the total number . There are the 
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Fig . 6 Histogram showing the biomass result s for all the 7 0 sites under considreation 



.:..::;-"' e r a:1. d u p per tails o f t h e d i stribut i o n . Th e l o wer ta i 1 

containing 5 . 7 1 % o f the observations and the uppe r tail 8 . 5 7 %. 

Th is i s ac t ua l ly explai ned here to s how that the relative area 

wh i ch i s v e rt i c ally under a pa r t , o r p arts o f a distr i bution is 

a di r ect me asure o f t he r e la tiv e frequen cy o f occu r r e nc e o f 

observa ti ons i n t h is case being t h e y i e ld per s quare metre o f the 

site s t aken . 

Tabl es 4 and 5 the d ist r i b uti o n o f species in dif fer ent sites , 

each a bundance v a l ue is re co rded as calculated u s ing the f o rmula 

s hown in s e ction 3 . 2 . 1 o f chapter three . Each species presenc e 

i s i ndi c ated by the v a lue r e co r ded f o r ea c h site , where zero is 

r ec o rded means that parti c ular species did n o t occur in tha t 

s ite . 



TABLE 4 SPECIES DISTRIBUTION ALONG THE ORDINATION GRADIENT FOR MODEL A 

SITE NUMBERS 

LESS UTILISED SITES HIGHLY UTILISED 

Spp. 1 67 70 25 22 63 61 26 27 24 6 13 16 40 11 41 5 49 50 51 34 21 23 33 35 15 

Het con 9 5 32 11 9 43 42 32 . 21 2 2 0 1 2~ 6 3 3 7 13 3 6 13 11 0 1 0 

' 
Diham 0 12 39 0 0 12 4 0 13 0 0 0 0 0 .o 0 0 0 0 0 0 0 0 0 0 0 

The tria 0 3 1 0 0 10 11 0 1 I 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Set ing 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

Ari con 23 36 11 9 14 11 8 7 3 13 13 11 15 10 20 25 34 5 5 5 5 4 8 1 0 0 

And eu 0 11 5 9 1 7 14 1 3 2 5 2 0 9 0 3 3 29 19 26 30 9 2 0 4 0 

Eli mut 0 0 1 2 0 0 0 0 3 0 0 1 0 0 0 0 0 3 1 3 4 0 1 0 0 0 

Ari cliff 0 2 6 25 17 7 11 29 25 26 0 0 2 0 3 0 0 2 2 0 0 32 15 0 0 0 

Pogsq 4 17 2 19 5 0 0 0 10 10 3 1 1 2 9 9 1 0 0 1 3 1 3 1 0 0 

Mel rep 2 0 0 3 31 0 1 13 5 17 7 2 19 5 3 7 2 2 0 0 0 15 21 1 0 0 
-

Ant arg 11 5 0 1 1 3 1 3 2 1 0 0 1 0 1 3 0 13 9 6 5 0 1 0 0 0 
-

Era sup 0 2 0 1 0 2 4 3 0 0 1 3 0 0 1 0 0 · 5 3 1 0 0 0 1 1 0 

Tri gra 2 1 0 0 0 0 0 1 5 0 0 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 
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u) 

'-.0 

Spp. 

Cym va 

Eus pas 

Rhy re 

Era tric 

Ari bar 

Cyn da 

Digeri 

Era ech 

Walde 

Sch pin 

Digvel 

Slu-ubs 

Stones 

Bare 

1 67 

0 0 

0 0 

0 0 

3 0 

6 3 

0 0 

2 0 

1 0 

0 0 

0 0 

0 0 

0 0 

1 0 

4 

70 25 22 63 

0 0 0 0 

0 0 8 0 

0 0 0 0 

1 7 0 0 

0 0 0 0 

0 0 5 0 

0 0 0 0 

0 0 0 0 

0 4 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 1 0 0 

0 0 0 0 

61 26 27 24 6 13 16 

3 0 0 1 2 2 0 

0 0 1 0 17 1 26 

0 2 1 13 0 0 0 

1 4 3 9 5 35 23 

0 0 0 0 37 33 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 5 0 0 1 0 

0 0 0 0 0 0 0 

0 0 0 0 0 ·o·. 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 1 1 0 0 1 1 

0 0 0 0 0 0 0 

40 11 41 5 49 59 51 34 21 23 33 35 15 

0 0 0 1 9 5 3 2 0 0 0 3 0 

0 5 2 3 0 0 0 3 0 0 0 0 0 

0 0 0 0 0 0 0 0 7 13 0 0 0 

19 7 12 13 17 19 17 54 17 20 0 72 78 

27 41 34 29 4 16 28 0 0 0 0 0 7 

(f'. (k · 0 0 0 0 0 0 0 0 5 10 0 

0 0 0 0 0 0 0 0 0 0 4 3 0 

0 0 0 0 0 0 0 0 0 0 9 0 0 

0 0 0 0 0 0 0 0 3 3 1 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 

·O 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 1 0 1 0 0 0 1 1 1 1 

1 1 1 1 1 1 l 1 1 1 1 1 l 

0 0 0 0 0 0 0 0 0 0 15 20 10 



TABLE 5 SPE.C I E.S DISTR I BUTION ALONG THE ORDI NATION GRADIENT FOR MODEL B 

SITE UMBERS 

LOW DEGRADATIO H IGH DEGRADATION 

S 66 6S S9 SS 53 54 52 45 44 43 48 60 4 7 46 42 11 39 38 7 18 30 32 29 28 3 1 ' ,pp. l - - - -
Sch pa 0 0 30 13 7 3 11 0 0 0 8 3 0 0 0 0 0 0 0 0 0 0 0 0 0 

l: li llllll 0 0 I I I I 4 5 3 3 I 3 5 7 I 0 0 0 8 0 5 0 0 0 0 

/\ri co 3 1 35 5 11 9 24 7 33 22 26 5 10 12 13 35 20 14 18 15 27 4 7 0 6 0 

Cym v 0 0 8 7 4 2 7 3 4 5 8 6 3 5 4 0 I 0 I 0 17 0 2 5 0 

/\ 111 ar ') 3 13 15 19 12 10 7 15 18 14 11 15 IO 17 I 3 7 I I 0 0 0 0 0 

/\llll Cll 16 7 22 32 33 26 28 22 2 1 20 6 32 30 30 20 0 6 6 0 I 0 0 0 0 0 

Era su 4 7 0 3 0 2 I I 4 3 7 5 5 7 0 I 0 I 7 0 3 0 0 0 0 

/\ ri bar I 0 I 0 7 I 8 7 5 3 0 4 I 3 5 4 1 22 0 I 4 0 0 0 0 0 

Lra Iri e 0 0 6 8 8 IO 12 9 8 IO 24 7 11 15 0 7 19 26 16 9 18 18 12 0 11 

l~us pa 0 0 0 2 I 0 0 0 0 0 0 0 0 0 0 5 0 I 8 15 4 0 I 0 0 

Mel re 0 I 0 2 0 0 0 I 5 5 I 0 5 3 0 3 3 5 7 3 0 0 0 0 0 

l)jn cri ::,. 0 0 0 I 0 0 I 0 0 0 0 0 0 I 0 2 0 0 1 I 17 0 0 0 0 

Tri gr.i 0 0 0 0 0 0 0 0 0 I I I 0 0 I 0 I I 0 0 0 0 0 0 0 

/\ ri dif I 7 0 0 I I 0 0 0 0 I 0 0 0 0 0 3 0 0 0 0 0 0 0 0 



r---
1.D 

Spp. 

Pog sq 

Pen ins 

Ari sea 

Era jun 

Rhy re 

Isc afr 

Era ri g 

Era pla 

Era het 

Era ec 

Era bif 

66 

9 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

65 59 

13 7 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

55 53 54 52 

0 5 I 3 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

45 44 43 48 60 47 46 

0 0 0 0 7 0 0 

0 1 1 3 0 0 1 

2 0 I 0 0 0 0 

3 4 I 0 0 0 0 

0 I 1 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 2 0 0 0 

0 0 0 3 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

42 11 39 38 7 18 30 32 29 28 31 

1 9 2 0 9 3 10 1 0 0 0 

0 0 0 5 9 4 0 0 0 0 0 

0 0 14 0 0 0 0 0 1 0 0 

0 0 0 13 0 0 0 0 0 0 0 

'°'{) 0 1 0 0 0 0 0 0 0 0 

(j 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 11 2 11 13 

0 0 0 0 0 0 0 15 0 0 36 

0 0 0 0 I 0 0 34 39 57 36 

0 0 0 0 0 0 4 14 1 0 0 

0 0 0 0 0 0 0 0 19 3 0 



Table 6 

SITE 

cs 

SOIL COLOUR RESULTS FOR ALL 7 0 SI TES 

Soil colour resul t s o f the sample plo ts in the total da t a set , t a ke n by 

compar ing t h e soi l samp : e against t he Munsell Soil c o l our charts . Th i s 

is arranged by the three variables tha t combine to descr i be all colours , 

thus Hue , Value and Chroma desc ribi ng the colour , lightness and strength 

of t he s o i l respect i vely . Reddish brown tend to be the dominant colour 

for al l t he plots . Soil samples we r e collecte d from Botsalano Game Reserve 

in Marc h 1 998 , soil colour s we re confirmed on d a ily bas i s after 

colle ction. 

NO . SOIL COLOUR 

1 l0R 3/1 Dark reddish gray 

2 l0R 3/1 Dark reddish gray 

3 l0R 3/1 Dark reddish gray 

4 l0R 3/1 Dark reddish gray 

5 SYR 4/4 Reddish brown 

6 SYR 4/4 Redd i sh brown 

7 SYR 4/4 Reddish brown 

8 SYR 4/4 Reddish brown 

9 SYR 4 /4 Reddish brown 

10 SYR 4/4 Redd i sh brown 

11 SYR 4/4 Reddish brown 

12 SYR 4/4 Reddish brown 

13 SYR 4/4 Reddish brown 

14 l0YR Dark brown 

15 SYR 4/4 Reddish brown 

16 SYR 4/4 Reddish brown 

17 SYR 4/4 Reddish brown 

18 SYR 4 / 4 Reddish brown 

19 SYR 4/4 Reddish brown 

20 SYR 4/4 Reddi s h brown 

21 SYR 4/4 Reddish brown 

22 SYR 4 / 4 Reddish brown 

23 SYR 4 /4 Reddish brown 

24 SYR 4/4 Reddish brown 



SITE NO . SOIL COLOUR 

2 5 5YR 4 / 4 Reddish bro wn 
? r _ Q 5YR 4 / 4 Reddish b r o wn 

2 7 5YR 4 / 4 Reddish b r o wn 

28 5YR 4 / 4 Reddish brown 

2 9 5YR 4 / 4 Reddish brown 

30 5YR 4/4 Reddish bro wn 

31 5YR 4 / 4 Reddish b r o wn 

32 5YR 4 / 2 Dark reddish gray 

33 5YR 4 / 2 Dark reddish gray 

34 5YR 4/2 Dark reddish gray 

35 5YR 4/2 Dark reddish gray 

36 5YR 4/4 Reddish brown 

37 5YR 4/4 Reddish brown 

38 5YR 4/4 Reddish brown 

39 5YR 4/4 Reddish brown 

4 0 5YR 4/4 Reddish brown 

41 5YR 4/4 Reddish b rown 

42 5YR 4 / 4 Reddish bro wn 

43 5YR 4/4 Reddish brown 

44 5YR 4/4 Reddish brown 

45 5YR 4/4 Reddish brown 

46 5YR 4/4 Reddish brown 

4 7 5YR 4/4 Reddish brown 

48 5YR 4/4 Reddish brown 

4 9 5YR 4/4 Reddish brown 

5 0 5YR 4/4 Reddish brown 

51 5YR 4/4 Redd ish bro wn 

52 5YR 4/4 Reddish brown 

53 5YR 4/4 Reddish bro wn 

54 5YR 4/4 Reddish brown 

55 l OYR 3/4 Dusky Red 

56 l OYR 3 / 4 Dusky Red 

57 5YR 4/4 Reddish brown 

58 5YR 4/4 Reddish brown 

59 5YR 4/4 Reddish bro wn 



SITE NO . SOIL COLOUR 

60 SYR 4/4 Reddish brown 

61 SYR 4/4 Reddish brown 

62 SYR 4 / 4 Reddish bro wn 

c3 l 0YR 3 / 4 Dusky Red 

6 4 l0YR 3/4 Dusky Red 

6 5 l0YR 3/4 Dusky Red 

66 l0YR 3/4 Dusky Red 

67 l0YR 3/4 Dusky Red 

68 l0YR 3/4 Dusky Red 

69 l0YR 3/4 Dusky Red 

70 l0YR 3/4 Dusky Red 
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Table 7 SOIL COLOUR RESULTS FOR SITES IN MODEL A 

Soi l colour results f o r t he sample plots after dividing the data in t o 

two sets , this set wa s the s e t of soils with a higher percentage o f 

clay . However the reddish brown colour still dominate t h is set . Samples 

were also collected from the p ark in March 1998 . 

SITE NO. SOIL COLOUR 

1 l 0R 3/1 Dark reddish g ra y 

5 5YR 4 / 4 Reddish brown 

6 5YR 4 / 4 Reddish brown 

11 5YR 4 / 4 Reddish brown 

13 5YR 4 / 4 Re ddish brown 

15 5YR 4 / 4 Reddish brown 

16 5YR 4 / 4 Re ddish brown 

2 1 5YR 4 / 4 Reddish b r own 

22 5YR 4 / 4 Re dd ish brown 

23 5YR 4 / 4 Re ddish brown 

24 5YR 4 / 4 Reddish brown 

25 5YR 4 / 4 Reddish brown 

26 5YR 4 / 4 Reddish b r own 

27 5YR 4 / 4 Re ddish b r own 

33 5YR 4 / 2 Da r k reddish gray 

34 5YR 4 /2 Dark reddi s h gray 

35 5YR 4 / 2 Da rk reddi s h gray 

40 5YR 4 / 4 Reddish brown 

41 5YR 4 / 4 Reddi sh brown 

49 5YR 4/4 Reddi sh brown 

50 5YR 4 / 4 Reddish brown 

51 5YR 4 / 4 Reddish brown 

61 5YR 4 / 4 Reddish brown 

63 l0YR 3 / 4 Du sky Red 

67 l0YR 3 / 4 Dusky Red 

70 l0 YR 3 / 4 Dusky Red 



Table 8 SOIL COLOUR RESULTS FOR SITES IN MODEL B 

Soil colou r results for the plots whose clay percentages were less, the 

clay percentage here ranges from 7 - 13 %. There is not much difference 

as far as soil colour is concerned , this set is still also dominated by 

reddish brown soils . That is why colour was not considered a factor 

along which the data set could be split. The samples were also 

collected fr om the Park in March 1998 . 

SITE NO. SOIL COLOUR 

7 

11 

18 

28 

29 

30 

31 

32 

38 

39 

42 

43 

44 

45 

4 6 

47 

48 

52 

53 

54 

55 

59 

60 

65 

66 

5YR 4/4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4/4 Reddish brown 

5YR 4 /4 Reddish brown 

5YR 4/4 Reddish brown 

l0YR 3/4 Dusky red 

5YR 4 /4 Reddish brown 

l0YR 3/4 Dusky red 

l0YR 3/4 Dusky red 

l0YR 3/4 Dusky red 



Table 9 

SITE NO . 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2 0 

21 

2 2 

23 

24 

25 

2 6 

2 7 

SOIL TEXTURE RESULTS FOR ALL 70 SITES 

So il texture results for all the sample plots , the Bouyoucos method was 

used to get the readings and compared with the temperature readings . For 

reco rding the sand readings , the hydrometer was immersed after 4 minutes , 

and for clay readings it was immersed after 8 hours . Calculations were 

conducted to get the percentages of s ilt . The soil samples were collected 

from Botsalano Game Reserve in March 1998 . 

%SAND 

86 

89 

86 

80 

86 

88 

88 

88 

88 

86 

89 

86 

86 

89 

85· 

88 

88 

88 

80 

79 

86 

88 

86 

88 

88 

86 

86 

%CLAY 

11 

7 

11 

12 

11 

11 

8 

11 

11 

12 

9 

1 2 

12 

7 

10 

11 

8 

7 

10 

11 

10 

10 

11 

10 

10 

11 

12 

%SILT 

3 

5 

3 

8 

3 

1 

4 

3 

1 

2 

2 

2 

2 

4 

5 

1 

4 

5 

10 

10 

4 

2 

3 

2 

2 

3 

2 
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SITE NO . %SAND %CLAY %S I LT 

28 87 8 3 

29 88 7 6 

30 87 10 2 

31 88 7 6 

32 86 8 4 

33 85 10 5 

34 88 10 2 

35 85 11 4 

36 86 11 2 

37 88 11 3 

38 87 7 3 

39 88 10 5 

4 0 86 10 2 

41 88 11 1 

42 87 10 3 

43 88 11 2 

44 88 10 2 

45 86 10 2 

4 6 88 10 2 

47 86 10 2 

48 86 11 3 

4 9 88 10 2 

50 88 10 2 

51 86 11 3 

52 88 10 2 

53 88 9 3 

54 86 10 4 

55 86 10 4 

56 85 11 4 

57 86 12 2 

58 86 12 2 

59 86 11 3 

60 8 7 10 3 

61 78 12 10 

62 7 2 18 12 



SITE NO . %SAND %CLAY %SILT 

-:3 7 .~ ,c 13 11 

64 77 13 1 0 

65 86 11 3 

66 86 11 3 

67 8 4 10 6 

68 78 1 4 8 

69 7 6 14 1 0 

70 76 13 11 



Table 10 SOIL TEXTURE RESULTS FOR SITES IN MODEL A 

So il texture results for samples in the finer textured soils, these are 

the plo ts whose percentage clay is 10 % and above , these were taken 

fr om the set of results in table 9 . 

SITE NO . % SAND %CLAY %SILT 

1 86 11 3 

5 86 11 3 

6 88 11 1 

11 86 12 2 

13 86 12 2 

15 85 1 0 5 

16 88 11 1 

21 86 10 4 

22 8 8 10 2 

23 8 6 11 3 

24 88 10 2 

25 88 1 0 2 

26 86 11 3 

27 86 12 2 

33 85 10 5 

34 88 10 2 

35 85 11 4 

40 86 1 0 2 

41 88 11 1 

4 9 88 1 0 2 

50 88 10 4 

51 86 11 3 

61 78 12 10 

63 76 13 11 

67 8 4 10 6 

70 76 13 11 



Table 1 1 

SITE NO . 

7 

11 

1 8 

28 

29 

3 0 

31 

3 2 

3 8 

3 9 

42 

43 

44 

45 

4 6 

47 

48 

52 

53 

54 

55 

5 9 

60 

65 

66 

SOIL TEXTURE RESULTS FOR SITES I N MODE L B 

So il texture results also taken from table 3 . 4, these were the set of 

sites who se percentage clay was conside red low , the percentage of clay 

here ranges from 7 % to 11 %. 

%SAND %CLAY %SILT 

8 8 8 4 

89 9 2 

88 7 5 

87 8 6 

88 7 6 

87 10 2 

88 7 6 

86 8 4 

87 7 3 

88 10 5 

87 10 3 

88 11 2 

88 10 2 

86 10 2 

88 10 2 

86 10 2 

86 11 3 

88 10 2 

88 9 3 

86 10 4 

86 10 4 

86 11 3 

87 10 3 

8 6 11 3 

86 11 3 



4 . 1 DETERMINATION OF 

CALCIUM 

X 

0 , 035x 

( Y 

0 , 0 3 5 

Readin g fr om AA= 0 , 028 

Di l u tio n facto r 

Vo ume of liquid 

Mass o f s oil 

SAM PLE 1 

= 250 

5 

= 5 0ml 

= 1 0g 

CATIONS 

0 , 025 

0 , 02 5 ) 

(0 , 028 + 0 , 025) X 25 0 X 

X 

5 

50 X 

5 

10 

5 

X 250 

5 

X 50 

10 

0 , 035 

l. 5 1 

379mg / Kg i . e 379mg of Calcium per Kilogram o f soil . 

MAGNESIUM 

= 

0 , 62 5x 

(Y 

o, 625 

(0 , 298 

0 t 4 4 X 

= ll0mg / Kg 

+ 0 , 015 

0 , 015 ) X 

0 , 0 15 ) 

0 , 62 5 

2 50 

250 

5 

X 5 0 

X 

X 

5 0 

10 

5 



POTAS S IUM 

.. 
~ . 

:< . = 

= 

SODIUM 

Y::a 

2 0x 

y X 250 

20 5 

__12 X 

20 

= 5 62 , 5mg / Kg 

lOO x 

y 

100 

100 

X 

X 

= l Omg/Kg 

X 50 

10 

250 

250 X 50 

5 1 0 

250 

4 . 2 CATION EXCHANGE CAPACITY 

CEC = (T X 20 ) ( X X 

X X = 31 , 44 27 , 71 

= 3 , 73 

T = 3 , 3 T = 15 , 4 

CEC = ( 3 , 3 X 20 3 , 73 X 

= 66 3 , 73 

62 , 27 X 0 , 2 

= 191 , 8 

= 192cmol/Kg = 

) X 0 , 2 T 

0 . 2 X 15 , 4 

X 15 , 4 

1 , 92 mol / Kg 



SJ 

4.3 DETERMINATION OF ORGANIC CARBON CONTENT 

Co c en t rati on o f Fe (NH4 ) 2 ( S0 4 ) 2 mo l drn- 3 = 10cm3 K2Cr 2Q, x 0 , 167 x 6 

20 cm Fe (NH 4 ) 2 (S0 4 ) 2 

= 0 , 5 01 mo l drn- 3 

2rgan i c C 

'cm' Fe (NH~L ( S0 4l;~ blank - c m3 Fe (N H4l.2 ( S0 4l.2 samp le ] x Mx 0 . 3 x f 

l. 0g 

Whe r e M = Co ncentration o f the Fe (NH 4 ) 2 ( S0 4 ) 2 in mol drn-3 

f = recover y fa c t o r 

1 . 0g = s o i l mass 

SAMPLE 7 0 

[20cm 3 - 1 4 . 6 cm3 1 x 0 . 5 x 0 . 3 x 1.3 

l.0 g 

= 1 , 0 53 % o f C 
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Table 12 VALUES FOR CEC, Ca, Mg, K, AND Na FOR ALL 70 SITES 

Results o f ·c ation Exchange Capacity, determination of Calcium and 

Magnesium by using a high temperature flame which was obtained from an 

atomic absorption spectrophotometer . Also determination of Sodium and 

Po tassium ions using atomic absorption spectrophotometer but with a low 

flame . This t able contains all the results for all the plots, the s oil 

samples used for these determinations were the same s oil samples which 

were collected from the park in March 1998 . 

SITE NO . CEC 

1 1 . 60 

2 1 . 62 

3 1 . 96 

4 1 . 92 

5 2 .89 

6 1 . 61 

7 1 . 6 4 

8 1 . 49 

9 1 . 72 

10 1. 28 

11 1.49 

12 1. 8 9 

13 1.75 

14 1. 8 4 

15 1. 0 4 

16 1. 96 

17 1. 78 

18 1 . 96 

19 1. 0 0 

20 1. 0 1 

21 1.43 

22 1 . 48 

23 1.76 

2 4 1.47 

25 1 . 48 

26 1.56 

Ca 

215 

212 , 5 

218 

379 

2 12 , 5 

210 

212 , 5 

212 , 5 

150 

114 

212 , 5 

262 , 6 

185 , 4 

329 

212 , 5 

212 , 5 

1 00 

212 , 5 

35 

48 

212 , 5 

212 , 5 

212 , 5 

212 , 5 

212 , 5 

345 

Mg 

130 

202 , 5 

10 4 

1 1 0 

1 40 

80 

202 , 5 

167 , 5 

2 45 , 7 

198 

1 42 , 5 

1 45 , 3 

125 , 5 

90 

40 

202 , 5 

23 1 , 9 

140 

196 

180 

140 

1 40 , 5 

160 

1 42 , 5 

140 

1 43 , 5 

K 

112 

62 , 5 

12 4 

562 , 5 

15 0 

75 

62 , 5 

268 , 5 

2 14, 9 

202 

125 

109 , 8 

17 8 

262 , 5 

2 5 

27 5 

48 

200 

25 

96 

12 5 

125 

87 , 5 

123 

125 

120 

Na 

35 

25 

25 

10 

2 / 5 

15 

25 

30 

58 

85 

32 , 5 

86 , 9 

98 

12 / 5 

57 , 5 

35 

95 

2 f 5 

12 

25 

30 , 5 

50 

32 , 0 

32 , 5 

30 



SITE NO. CEC Ca Mg K Na 
" ~ l . 72 285 142 , 5 150 27 , 5 L I 

22 1 . 49 212 , 5 142 , 5 125 32 , 5 

29 1. OS 285 147 , 5 275 25 
? ~ 
- -I 1 . 43 212 , 5 140 125 25 , 5 

3:. 1 . 50 28 5 190 15 0 45 
< ') 
~ L. 1 . 06 355 107 , 5 320 90 

33 1 . 07 35 5 60 162 , 5 87 , 5 

34 1 , 68 250 140 13 7 , 5 

35 1. 08 285 120 135 , 5 55 , 5 

36 1. 32 2 12 , 5 175 162 , 5 45 

37 1. 63 329 60 112 , 5 35 , 5 

38 1. 55 355 115 10 0 67 , 5 

39 1. 68 250 165 150 45 

40 1 . 53 245 152 100 , 5 48 

41 1 . 48 212 , 5 50 1 4 0 38 

42 1 . 90 212 , 5 242 , 5 225 27 , 5 

4 3 1 . 98 255 105 275 5 0 

44 1. 87 40 350 1 00 

45 1. 92 142 , 5 87 , 5 287 , 5 25 

46 1. 96 245 154 225 45 

47 2 . 0 3 212 , 5 168 254 55 

48 1. 06 355 107 , 5 320 90 

49 1. 4 9 277 , 5 102 , 5 205 so 
50 1. 90 212 , 5 242 , 5 225 27,5 

51 1. 87 212 , 5 106 250 1 00 

52 2 . 05 246 100 185 60 

53 1 . 98 329 67 , 5 35 0 107 

54 2 . 0 4 212 , 5 180 187 , 5 30 

55 1 . 99 212 , 5 47 , 5 200 25 

56 1. 98 235 50 , 7 120 59 

57 1. 25 140 , 5 88 320 90 

58 1. 97 245 120 210 75 

59 1 . 87 250 150 118 48 

60 1. 8 9 212 , 5 135 18 0 75 

61 1. 99 240 145 250 25 



SITE NO . CEC Ca Mg K Na 

62 2 . 54 212 , 5 135 112 , 5 5 

'l D- 2 . 98 28 5 190 15 0 12 

64 2 . 14 212 , 5 180 187 , 5 30 

65 1 . 89 205 175 100 5 0 

66 2 , 43 342 55 145 , 5 55 

67 l. 68 205 125 115 , 5 45 

68 2 . 10 230 , 5 185 13 0 50 

69 l. 99 212 , 5 98 , 5 210 75 

70 2 . 0 4 212 , 5 162 250 15 



Table 13 VALUES FOR CEC , Ca , Mg , KAND Na FOR MODEL A 

SITE NO . 

1 

5 

6 

11 

13 

15 

16 

21 

22 

23 

24 

25 

2 6 

27 

33 

34 

35 

40 

4 1 

4 9 

50 

51 

6 1 

63 

67 

7 0 

Soil resul ts showing the amounts of the above mentioned i ons in t he 

samples which were grouped under Model A , these results below were also 

taken from the full set of the results in table 12, soil samples were 

a ll taken from the Botsalano Game Reserve in March 1998. 

CEC Ca Mg K Na 

l. 6 0 215 130 112 35 

2 . 89 212 , 5 140 150 2 , 5 

l. 61 210 80 75 15 

l. 4 9 212 , 5 142 ,5 125 32 , 5 

1. 7 5 185 , 4 125 ,5 178 98 

1. 0 4 212 , 5 40 25 57 , 5 

l. 96 212 , 5 202 ,5 275 35 

1. 43 212 , 5 140 125 25 

l. 48 212 , 5 1 40 ,5 12 5 30 , 5 

1 . 76 212 , 5 160 87 , 5 50 

1. 4 7 212 , 5 142 , 5 123 32 , 0 

1. 48 212 , 5 140 12 5 32 , 5 

l. 56 345 143 , 5 120 30 

1. 72 285 142 , 5 150 27 , 5 

1. 07 355 60 162 , 5 87 , 5 

l. 68 250 140 137 , 5 

1.08 285 ::. 2 0 135 , 5 55 , 5 

l. 53 245 152 100 , 5 48 

l. 48 212 , 5 50 140 38 

1. 4 9 277 , 5 102 , 5 205 50 

1. 90 212 , 5 242 , 5 225 27 , 5 

1. 87 212 , 5 106 250 100 

l. 99 240 145 250 25 

2 . 98 285 190 150 2- 2 

l. 68 205 125 115 , 5 45 

2 . 04 212 , 5 162 250 15 
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Table 14 VALUES FOR CEC , Ca , Mg, K AND Na FOR MODEL B 

Soil results for the values of the above mentioned ions , the soil 

samples were also taken from the same game reserve in March 1998 . 

SITE NO . CEC Ca Mg K Na 

7 1 , 64 212 , 5 2 02 , 5 62 , 5 25 
1 a 1 . 49 212 , 5 142 , 5 125 32 , 5 .l. .l. 

18 1 , 96 212 , 5 140 200 2 / 5 

28 1 , 49 212 , 5 142 , 5 125 32 , 5 

29 1 , 0 5 285 147 , 5 275 25 

30 1. 43 212 , 5 140 125 25 , 5 

31 1 , 50 285 190 150 45 

32 1 , 06 355 107,5 320 90 

38 1 , 55 355 115 100 67 , 5 

39 1 , 68 250 165 150 45 

42 1. 90 212 , 5 242 , 5 22 5 27 , 5 

43 1 , 98 255 105 275 50 

44 1 , 87 40 350 100 

45 1 , 92 142 , 5 87 , 5 287 , 5 25 

46 1. 96 245 154 225 45 

47 2 , 03 212 , 5 168 254 55 

48 1 , 06 355 107 ,5 320 90 

52 2 , 05 246 100 185 60 

53 1 , 98 329 67 , 5 350 107 

54 2 , 04 212 , 5 180 187 , 5 30 

55 1 , 99 212 , 5 47 , 5 200 25 

59 1. 87 250 150 118 48 

60 1 , 8 9 212 , 5 135 180 75 

65 1 , 89 205 175 100 50 

66 2 / 43 342 55 145 , 5 55 



Table 

SITE 

15 VALUES FOR ORGANIC CARBON FOR ALL 70 SITES 

Resu l ts of o r ganic carbon percentage for the whole set , perc entages were 

c a lcul a ted a fter the titrations with iron (II) ammonium sulphate hexahydrate 

which reduces t h e dichromate used to treat the so i l with sul p hur i c ac i d . The 

s ame soil sampl es were used to determine the amount of Carbon i n all the 

s amp les . 

NO. ORGANIC CARBON % 

1 0 , 33 

2 0 , 73 

3 0 , 62 

4 0 , 68 

5 0 , 39 

6 0 , 34 

7 0 , 75 

8 0 , 67 

9 0 , 85 

10 0 , 76 

11 0 , 48 

12 0 , 55 

13 0 , 59 

14 0 , 45 

15 0 , 19 

16 0 , 61 

17 0 , 54 

18 0 , 68 

19 0 , 14 

2 0 0 . 16 

21 0 , 49 

22 0 , 50 

23 0 , 65 

24 0 , 52 

25 0 , 54 

26 0 , 68 

27 0 , 72 



SITE NO . ORGANIC CARBON % 

2 8 0 , 18 

; C. 
"- ✓ 0 , 19 

3 0 0 , 58 

31 0 , 14 

32 0 , 16 

33 0 , 15 

34 0 , 42 

35 0 , 18 

36 0 , 53 

37 0 , 55 

38 0 , 62 

39 0 , 69 

40 0 , 4 9 

41 0 ,4 8 

42 0 ,71 

43 0 , 85 

44 0 , 84 

45 0 , 83 

4 6 0 , 88 

47 0 , 92 

48 0 , 32 

49 0 , 42 

5 0 0 , 40 

51 0 , 44 

52 0 , 95 

53 1 , 06 

54 0 , 98 

55 0 , 99 

56 0 , 98 

57 0 , 21 

58 0 , 99 

59 1 , 02 

60 0 , 97 

61 0 , 80 

62 0 , 87 



S3 

SITE NO. ORGANIC CARBON % 

63 0 , 85 

64 0 , 88 

65 0 , 97 

66 0 , 98 

67 0 , 95 

68 0 , 95 

69 1 , 07 

70 1 , 0 5 
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Table 16 VALUES FOR ORGANIC CARBON FOR SITES IN MODEL A 

SITE 

So i l results for the amount of organic c arbon in the sites which were 

f o und t o have more percen tage of clay, and which were classified as 

Model A , these results have been taken from table 15 which contains 

results for the whole data set . 

NO . ORGANIC CARBON % 

1 0 , 33 .i. 

5 0 , 39 
' 
6 0 . 34 

11 0 t 48 

13 0 , 59 

15 0 , 19 

16 0 , 61 

21 0 , 49 

22 0 , 50 

23 0 , 65 

24 0 , 52 

25 0 , 54 

26 0 , 68 

27 0 , 72 

33 0 t 15 

34 0 , 42 

35 0 t 18 

40 0 , 49 

41 0 ,4 8 

49 0 , 42 

50 0 , 40 

51 0 , 44 

61 0 , 80 

63 0 , 85 

67 0 , 95 

70 1 , 0 5 



Table 17 VALUES FOR ORGANIC CARBON FOR SITES IN MODEL B 

SITE NO . 

7 

11 

1 8 

28 

29 

30 

31 

32 

38 

39 

42 

43 

44 

45 

4 6 

47 

48 

52 

53 

54 

55 

59 

60 

65 

66 

Soil resul ts for the percentages of organic carbon in the soil samples 

which constituted Model B . The results were also taken from the 

results in table 15 . All these soil samples were collected from 

Botsalano Game Reserve in March 1998 . 

ORGANIC CARBON % 

0 , 75 

0 / 48 

0 I 68 

0 / 18 

0 , 17 

0 , 58 

0 , 14 

0 , 16 

0 , 62 

0 , 69 

0 , 71 

0 , 85 

0 , 84 

0 , 83 

0 , 88 

0 , 92 

0 , 32 

0 , 95 

1 , 06 

0 / 98 

0 / 9 9 

1 , 02 

0 , 97 

0 I 97 

0 , 89 
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A 
34 
■ 

Fig . 7 Distribution of the sample plots in the total data set for all the 70 sites . 

Vegeta ti o n composition results were used f or these ordinations. The data was grouped 

into group A and B as shown and the two groups ordinated separately using DMOC 

ordination. The X a xis cut automatically when this ordination is printed . 
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we re o b ta ined after the removal of outliers . 
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Fig . 9 PCA o rdinatio n for model A . 
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Fig . 1 0 DCA ordinatio n f o r model B , the sample plots on the sites with less percentage 

o f clay . All the data on plant species were also collected from Botsalano Game Reserve 

in March 1 998 . 
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CHAPTER FIVE 

INTERPRETATION OF RESULTS 

5 . 1 INTRODUCTION TO INTERPRETATION OF RESULTS 

In chis study ordinati o ns were c arr i e d out f o r t he purposes o f 

dev e lop ing d egradation models f or the Bo tsalano g ame par k . Th e 

fi r st ma jo r d ata set wh i c h consist ed o f all 70 si t es that were 

sampled in the field were o rdinated using detrended 

correspondence analysis ( DCA ) (Hi l l & Gauch 1 980 ) which is 

s itable fo r data set s wit h relativ e ly long gradients (Gauch : 

2. 9 2 \ . Th e data consisted of lists of spec i es present and their 

abu ndanc e , b u t due t o the "noise" in the r e sults , the researc her 

found it n e cessary to split the data set . This was basica l l y 

because t h e sit es seemed t o f o rm clusters as i ndicated in 

f ig . 7 ( sepa rated i nt o A and B) . The two axes o f th i s ordi nati o n 

o n l y app e ar we l l o n the computer but when p r inting the f i rst axis 

automa ti c al ly c ut off . It was n o t known f or sure whi c h fa c t o r 

migh t have contributed to this clustering hence the deci s ion t o 

split the data set int o two sets . The two sets we re then 

o r d ina ted a g a in separately using b o th DCA and DMOC f o r getting 

the models i n fig. 9 . 1 and fig . 11 . 1 . The o r dinations are only 

accept e d if t h e res i dual or second axis is 50 % o f the first ax i s 

whic h was he c ase in both o r dina tions ( Bo sch & Gauch : 19 91 ) . A 

h i gh residual may indicate t h e e xistenc e of a fair ly stro ng · 

i n f uencing f a cto r o t her than the o ne reflected in the first 

axis . 



sites were del i be rate ly selected to represe t 

:::!_:._fferences caus ed by grazing , all other factors that might 

af:ect the results such as soil moisture , soil colour and texture 

we re kept constant during the field work . Habitat variations 

occu r within a particular rainfall zone and this can therefore 

lead to large variations or noise in the data set (Austin et. 

al . : 198 1; Gauch : 1982 ) which make identification of a reliable 

degrada tion gradient impo ssible . It was therefore very important 

to conduct soil analyses on some of these soil characteristics 

for verification that the only difference between sites would be 

in the level of utilization and not the soil character and also 

f o r veri fication of similarities and differences between the 

sites . The results then showed that the soil colour did not 

differ much , most soils were reddish soils . The organic matter 

content and c ation exchange capacities were also tested. Among 

all these , the texture appeared to be the one that might have 

contributed to the instability of the results . One set contained 

relative ly higher percentages of clay referred to as Model A, 

where the average clay percentage of these sites was 11 . 5 % (range 

10 - 18) . The other set contained relatively lower percentages of 

clay , called Model B, where the average clay percentage of the 

sites in this model was 7 . 8 % (range 7 - 13 ) Each of these 

vegetation data sets were then ordinated , results can be seen in 

chapter four ( fig . 9 . 1 and fig . 11.1 ) . 



ca i o n exchang e capa c ity o f the sices in Mod e l 

~ ~ e ~i nd s chat the range does no c differ muc h . In model 

. . che caci o n exchange capa c i ty (CEC) r a n g e is f r om 1 . 00 mol / kg t o 

: . 98 mol / kg , a nd f or mod e l 8 , it i s 1 . 0 5 mol / kg t o 2 . 43 mol / kg . 

~~is d ifference i s very s mall , therefo re CEC c o uld n o t b e used t o 

e r. ee k t h e d if fe re nce s between the models . Th e mean va l u es f o r 

the CEC o f c h e two models we re 1 . 7 0 mo l / kg and 1 . 7 5 mol / kg 

respe c ti vel y which show a d ifferenc e o f 0 . 0 5 whi c h is q u ite 

The mean organ i c ca rb o n content of the two models was als o 

c al c ul at e d. It was f ound to be 0 . 54 % of carbo n for model A and 

0 . 68 % f o r model 8 . Only a difference of 0 . 14 % which is regarded 

a small fi gure. The range of percentage of organic carbo n range 

fr om 0 . 15 ~ to 1 . 0 5 % f o r model A and 0 . 1 4% t o 1 . 06 % for model 8 . 

Th e percencage c arbo n als o do es n o t reflect a g reat di fferen c e 

b e twe e n the models . 

The te x t ure o f the two mode l s were compared wit h regard t o 

pe r centage cla y and perc entage sand , it was f ound that perc entage 

sand ranges fr om 76 % t o 8 8 % f o r model A and fr om 8 6% t o 89 % for 

mode l 8. The mean values for percentage of sand were f o und t o be 

8 3 ~ f o r mode l A and 86 % f o r model 8 sho wing a 3% d iffe r e n c e in 

h e ean per c entage. The r e s ul ts f o r perc entage c la y r anges fr om 

10 ~ t o 13 ~ f o r model A and fr om 7 % t o 11 % for model 8. There is 

an o verlap o f figur e s in the perc entages , this is be c ause t h e 

sites were only se l e c ted a c c o rding t o the o rdinati on res ult s 



i, e :, c e t:. he c ~ a y p e r c en i: age s could r: o t be c b. an g e d . 

over' a9 can also be expec ed in all other results . 

~he sar..e 

The me an 

values for percentage o f clay were 1 2 % for model A and 10 % for 

mocie ~ 3 . 

Table 1 8 PERCENTAGES OF SAND IN MODEL A 

This table shows the groups of classes for percentage of sand in model A . 

The classes are indicated as letters and the frequency for each class is 

als o shown. 

CLASSES (% ) 

76 - 78 

79 - 81 

82 - 84 

85 - 87 

88 - 90 

A 

B 

C 

D 

E 

FREQUENCY 

3 

0 

1 

13 

9 

Fig . 12 shows a pie chart for the % sand in model A . The 

inference that one can deduce from this figure is that model A 

had mor e sites falling in class D, these make 50 % of the records , 

32 , 62% of the sites fall in class E, 11 , 54 % in class A and 3 , 85% 

in cl ass C and no site in class B . 



PERCENTAGES OF SAND IN MODEL A 

E (34.62%) 

A (11.54%) 
B (0.00%) 
C (3.85%) 

D (50.00%) 

Fig . 12 Pie chart showing percentages of sand in Model A 
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Table 19 PERCENTAGE OF SAND IN MODEL B 

This table shows groups of classes for percentage of sand in model B . 

CLASS ES 

87 

88 

89 

A 

B 

C 

D 

FREQUENCY 

9 

5 

9 

1 

Fig. 13 which is a pie chart for percentages of sand in model B 

show that this model had equal percentages of 37 , 50 % for classes 

A and C while class B had 20 , 83 % and the lowest was class D with 

o nly 4 . 17 ~ . 



PERCENTAGES IF SAND IN MODEL B 

A (37.50%) 
C (37 .50%) 

B (20.83%) 

Fi g . 13 Pie chart showi ng percentages of sand in Model B 



Table 20 PERCENTAGES OF CLAY IN MODEL A 

This t able sho ws classes and frequencies for the percentage o f c lay in 

Model A . Classes are indicated as letters . 

CLASSES 

10 

11 

12 

13 

( % ) 

A 

B 

C 

D 

FREQUENCY 

11 

9 

4 

2 

Fig . 14 sho ws a pie chart for the percentage of clay in Model A. 

Th is shows that more sites in model A had 10 % clay these made 

42 , 31 % of the whole set . 34 , 62 % of the sites were in class B, 

15 , 38 % in class C and finally only 7 , 69 % in class D. 



PERCENTAGES OF CLAY IN MODEL A 

D (7.69%), 

C (15.38%) 
A (42.31%) 

B (34.62%) 

Fig . 14 Pie chart showing percentages of clay in Model A 



Table 21 

-'-v , 

PERCENTAGES OF CLAY IN MODEL B 

This table shows the classes and frequencies for percentage of 

clay in model B . 

CLASSES (%) FREQUENCY 

7 A 

8 B 

9 C 

1 0 D 

1 E 

4 

3 

2 

11 

4 

rig . 15 which is the pie chart for the percentages of cl a y in 

model B show that 45 , 83 % o f the sites fell in class D, that was 

fol owed by equal percentages for both cl a sses A and E of 16 , 67 %, 

12 , 50 % in class Band only 8 , 33 % in class C . 

These r es ults were thus used to verify the o rdinati o n results 

that to some extent there is some difference in the two models . 

After obtaining the ordination results it was then important to 

verify he acceptability o f the axes . After removal of sites 

which did not fit well in the data (outl i ers ) the residuals f or 

both the models went down below 50 % o f the first axis which was 

one p r opert y o f the ordination results . 



PERCENTAGES OF CLAY IN MODEL B 

E (16.67%) A (16.67%) 

B (12.50%) 

D (45.83%) 

Fi g . 15 Pie chart showing percen tage of clay in Model B 



5 . 1 . 1 MODEL A 

This is a set of sites with more clay probably representing the 

heavier soils in the area , the a verage percentage clay content is 

11.5 %. On this model 26 surveys were plotted on a graph for 

degradation after initial o rdination and splitting of data . The 

first axis of the graph represents de·gradation level. The 

results show that sites very close to the represent less utilised 

sites , these are shown as group A in fig . 9.1. The moderately 

utilised sites are in group Bin the same figure and going to the 

far r ight are the highly over utili sed sites , the group C sites 

as indicated on the model (fig . 9 . 1 ) 

If one compares the positions of site 63 and site 15 , they are 

both at the extreme ends of the model . One can therefore deduce 

from this , that the two sites are highly different . This can 

therefore be confirmed by comparing all other factors like 

position relative to known land marks , soil characteristics and 

species composition. Site 63 was taken on a less utilised area 

o f the park , in a relatively good condition . This was one of 

the sites with high biomass yield of 277 . 12g of dry weight per 

square metre , the colour o f the soil was dusky red. Soil colour 

is the most obvious and easily determined character of the soil. 

Although it has little direct influence on the functioning of the 

s o il , one may infer a great deal about soil fr om its colour , if 

it lS considered with other observable features . The 

significance of soil colour is almost entirely an indirect 



~eas~r e o ~ o ~h Er more imporcant characteristics or qualities that 

o~e ~c~ so easily and accurately observed . 

~~e clay content percentage f site 63 was f ound t o be above t h e 

average percen tage o f the set and this was 13 %. Text ure in this 

case also plays an important role because soil particle size 

determines the amount o f available su rface area for adsorption 

o f water and nutr ients. In addition it influences the amount and 

size of individual pores which for the most part determine the 

rate and amount of air and water movement through soils. 

The cat i on exchange capa city which is a temporary storehouse f o r 

large quantities o f available nutrients such as calcium, 

magnes ium and potassium that are partially protected fr om 

leaching yet ar e available f o r plant consumption was determined. 

The CEC amount f o r site 63 was 2 . 98mol per kilogram o f the soil , 

calcium was 285mg per kilogram, magnesium was 190mg/kg , potassium 

was lSOmg/kg and sodium was 12mg / kg . The organic carbon content 

o f site 63 was als o determined and found to be 0 . 85 % o f carbon . 

It cou ld be noted fr om table 16 that this percentage is very high 

as compared to the percentages in the rest o f the model . The 

species composi ti on o f site 63 consisted of 43 , 33 % abundance o f 

co~tor cus , 1 0% of Themeda triandra , 12 % of 

~~~e~eropogo~ amplectus and 11 , 33 % of Ari stida congesta . In this 

study these specie s tend t o decrease in abundance if t he level o f 

~t · 1·zatio . increase s , the y are therefore found in abundance in 

site 6 3 . 



Loo ~ing a t site 15 which is found at t h e ex t reme r ight o f the 

mode l . This site was taken in an area very close to the watering 

p o i nt . The vegetation of the site looked poor by judgement of the 

e ye , the plants t hat were f o und there, were also ver y small in 

s i ze. They a ppe a red t o be species that were recovering from heavy 

overg razing and over trampling by animals . This is highly 

probable when one considers the position of the site , so close to 

the dam . This was the site that represented a typical over-

u ti l ised area. The biomass yield of site 15 tended to be the 

smallest in the model , the amount was 60 , 96g of d r y weight per 

square metre . The colour of the soil in this site was reddish 

brown , as mentioned earlier , colour is one of the most useful and 

important characteristics for soil identi f ication , especially 

when looked at in conjunction with the soil structur e . 

The percentage clay content of site 15 was d etermined and found 

t o be 1 0% which is lower than the average percentage of the set . 

The cation exchange capac i ty of site 15 was l . 04mol per kilogram 

of soil , c a lcium was 212 , 5mg/kg o f the soil , magnesium was 

40mg / kg , Potassium was 25mg / kg and sodium was 57 , 5mg / kg . The 

organic carbon content of site 15 was fo und to be O . 19 % of 

carbon . The species composition of site 15 consist e d of 78 , 67 % 

o f Eragr o st is tr ichophora and 6 , 67 % o f Aristida c ongesta 

barbicol l i s and the rest of the sites were recorded as bare . 



~ :~e cas.:_s o f ch e comp a ris o n o f tnese two s i tes in c he mode ~ , 

-- ..... ~ ~an noc he sica te to see ~he differences displayed in the two 

s ::._ ces . J ne c an therefore look at this model as being 

rep~esenca t ive o f the degradation trends in the park . 

S .:_ ;:: e 13 which is p o sitioned towards the cent re in the model 

appear s to r epresent moderately utilised sites . This was an 

o pe n grassland of the park , where animals could only be seen 

passing the area but not staying for long periods of grazing . 

Th e b i omass yield of site 13 was 202 , 56g dry weight per square 

me tre which is less han that of site 63 but more than that of 

site 15. The colour of the soil was also reddish brown . Majority 

of sites in this study had reddish soils , which was mainly 

because during the field work the colour was kept almost constant 

e ve tho ugh it was just by the look of the eye . The col our of the 

s o ils would not vary . The only thing that had to differ for the 

sites was the level of degradation . 

Te red colour o f soils is generally related to unhydrated iron 

o xide , although manganese dioxide and partially hydrated iron 

oxides may also contribute red co l ou rs . Since unhydrated iron 

oxide is relatively unstable unde r moist conditions , red colour 

~sa l ly i nd cates good drainage and aeration . Strongly red soils 

a r e expected on convex surfaces underla in by pervious r ocks . 

Man y red s o ils owe their colour to inheritance from the parent 

ma erial and not to soil - forming processes , since the redness in 

s o. e rocks may persist for centurie s even under mo ist conditions . 



Si:es ;:, 1 
- .L ' 

and 70 9 . 1 l are f ound very close to the 

second axis . These are the s ites which were cl ose to the 

building s , there f o re l ess utili sed (group A) The y h ad high 

biomass yie d ranging from 232 g /m2 to 277 g / m2 . 

Species abundance curves and regressi o n analysis curves were 

fi tted for those spe cie s which were outstanding for most sites , 

f or les s degraded sites , moderately degraded and severely 

degraded sites for both models . However it was also f ound that 

same species appear on different conditions for the two mode ls . 

The indicator species curves have been designed t o show the 

degradation gradient o n the x - axis taken f rom the ordination 

graphs and the second axis (y) shows the spe cies a bundances , the 

regression analys i s curve i s also f itted i n the same graph . 

Fi g . 16 shows the curve for Het eropogon con tort us , the high 

abundance of thi s species in less degraded s ites which are the 

sites close r to t he s econd a xis and i t dec reas es a s t he level of 

utilisation increa ses , thus for sites moving away from the second 

axis . The statisti c s for this species is 0 . 681 and its 

correlation coefficient is 0 . 325 . 

The o r gan ic carbon percentages were 0 . 80% , 0 . 85% , 0 . 95% , 0 . 95 %, 

a nd 1 . 0 5% which were considered high values as compared to the 

percentages of other sites in the model which are b e low 0 . 80 %. 
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~~~:~e~ set c f sit e s which represenc less u lised si es is tha 

s.:._ces 2 ::2 , 24 , 25 , 26 a nd 27 (group A fi g . 9 . 1 ) wh i c h were 

3~cund a place where the r e u sed t o b e o ld kraa l s . Anima l s d o n o t 

.:._~e this place as i t is f ull o f st o nes and few g rass 

spec ies . The dominant spe c ies als o i nclude Heteropogon co~tortus , 

::-2:..i:---:is ::-e_oe.1s , a:1d Aristida diffusa . Organic carbo n p ercentage 

for these sites r a n ge fr om 0 . 5 t o 0 . 72 %. The biomass y ield f o r 

chese sites is a ls o mo re than 200 g of dry weight per square 

~ecre . Site 5 , 11 , 40 and 41 are f ound almost towards the centre 

of the mod e . These are representatives of moderatel y utilised 

s1t:es , and we re a b it farther from the watering point (gro up B 

f i g . 9 . 1 ) . The dominant species here include Ari s t i da ba r b i col lis 

a .1d Ariscida congesta . The organic carbon percentage range 

b e twee n O. 39 t o O. 4 9 , which represents a middle rang e in t h is 

a r r a y o f si tes . Sites 4 9 , 50 , 51 and 16 were als o in an open 

g r assl a nd in t h e park . There was no evidence of any env ironmental 

or arti f ici a l features which c ould cause animals to frequent that 

area . It was just an open area with a minimum numbe r o f s ma l l 

tree s and shrubs . These were als o taken to represent a moderate ly 

u t ili zed area of the park . These sample sites are in blo ck 3 and 

4 o f the park which are far from all animal attracti o ns . 

The curve in fig. 17 s ho ws a curve which starts wi th minimum 

abundance at t he less u tilised sites and increases to maximum at 

the moderately d e g r ade d sites which are found t o wards the midd le 

of the graph . The abundance then d ecreases as the cond it i on 

cha ges to severe d e g radati o n . The species abundanc e curve o f 
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med i um deg r a d ation in the study a rea . The stati sti cs fo r t hi s 

s pe c i e s i s 0 . 589 and the corre la t i o n coeffici e nt i s o . 2 32 . 

f ig . 1 8 sho ws an a bun d ance and regressi on analysis c urve f o r 

Er a grostis crichopnora which a ppears t o h ave a linear curve , t h is 

specie s clea rly indi c ates its l ow presence in less degrad ed sites 

which then inc reases steadily as t h e leve l o f d e gradati on 

increases a nd rea ches maximum at the severely degraded s i tes . The 

stat i stics f o r this species i s 0 . 994 a nd the c o rrelation 

c oef fic ient is 0 . 997 . 

Fig. 19 shows t h e curv e f o r Themeda t riandra whi c h increases wit h 

the l ow degradation level and decrease s d own to zero as the 

degradati o n inc reases . Its statistics is 0 . 497 and the 

cor r elat i o n coe ffi c i e nt is 0 . 441 . 

Fi g . 20 sho ws a curve f o r Melinis r epens which is a l so f ound in 

a bunda nc e at t h e less utilised sites and decreases as t h e level 

o f uti lity inc reases . Statistics is 0 . 3 81 and the c o r r elatio n 

coeffic ient is 0 . 02 9 . 

Fig. 21 a c u r v e f o r An d r opo gon e ucomu s which has a similar 

a ppearance to that o f Aristida c ongesta b arb i c ollis whi ch star t s 

with min imum abundan c e at less degraded sites and inc reases at 

the mod erat e uti li zat ion a nd d e c reases again a s the l e v e l of 

u t i l izat i on i ncreas e s . Statis t i c s is 0 . 831 and the c o rrelati on 

coe f fici ent is 0 .5 59 . 
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:: a ~~rve for ~~is:ida co~ges:a wh ich s how s a sp r ead a t l ow 

~~j ~oderately u ti l ized and decreases also as degradation l evel 

i~crea ses . St a tisti c s is 0 . 359 and the correlation coefficient is 

0 . 092 . 

chis mode l sho ws three sites which are towards the extreme right 

of the g raph , representative of heavily utilized sites . Site 15 

was v ery c l o se to a drinking point whe re animals frequent for 

d ri n king and resting purposes , it can be representati ve of heavy 

u tilization in the past . Sites 33 and 35 were also close to one 

o f the biggest drinking points in the park i.e Mogobe dam . These 

two show the signs of heavy utilization by animals when they 

come for drinking . The Cation Exchange Capacity o f these two are 

1 . 07 and 1 . 0 8 , which are also considered very low . The organic 

c arbo n per c entages are also very low for sites 33 and 35 , viz ; 

0 . 1 5% and 0 . 18 % respectively . 

One can therefore look at this model as being representative of 

the degradation levels of the park . If sites 63 and 15 are 

c ompared on the model , where distance is very large meaning that 

the two s i tes are extremely different in all aspects , i . e . level 

of utility , and o r ganic carbon percentage . The distance of 

p o ints representing surveys on the graph also clarifies the 

simi l arities between the different sites . For instance , 22 , 24 

and 2 5 are very clo se on the graph , just as 15 , 33 and 35 are 

ver y clo se . This short distance between the sites 

simi larit y b etween the sites . 

shows the 



5 . 1.2 MODEL B 

Th is wa s t he second model devel oped for Botsalano Game Reserve . 

f ig . 1 . 1 sho ws an indication o f two homogeneous groups due to 

di fferent s o il attributes . In this model , the extreme sites that 

will be compared are site 54 (which is found on the residual ) and 

site 31 (which is one of the sites found at the extreme end of 

the first a xis ) . Site 54 was positioned in an open grass land 

area and can be the repres entative of sites with relatively good 

conditi o n . The biomass yield was 171 ,44g of d r y weight per 

square met re. Site 54 h ad reddish brown soils , wh ich is one 

indicat i on that the soils are relatively o ld or at least that the 

s o il materi a l has been subjected to relatively intense weathering 

f o r a c onsiderable time. 

Under natural conditions when exchangeable ca l cium, magnesium and 

p o tassium are removed from the clay and humus by leaching or 

plant absorption , the y are replaced by hydrogen , whi ch is then 

responsibl e f or soil acidity. The results in table 13 and 14 , 

show that the soils in the park contain relatively more calc ium 

than magnesium , and more potassium than sodium . Site 54 had 

212 , 5mg of calcium per kilogram, 180mg/kg magnesium , 

18 7 , 5mg / kg potassium and 30mg / kg s odium, the CEC amount for site 

54 is 2 . 0 4mol per kilogram which is considered very high when 

c ompared with the rest of the figures in the same model . 



1 ,.., -
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The co lour o f the soil alone could not be used to give the 

indication of organic cont e nt o f the soil . The investigation was 

carried out and site 54 was found t o have 0 . 98 % o f carbon . The 

species composition o f site 54 was 12 % Anthepora argentea , and 

34 , 67% Andropogon eucomus . These species were found in this 

study to be common in higher abundances in those sites which were 

regarded as non-degraded , hence they can be referred to as 

indicators of good condition in this game park . 

Sit e 31 which is f ound at the right of the first axis o f model 

' b ' was taken very close to the drinking dam. It can be a 

representative o f those heavily utilised sites , because animals 

tend to frequent the area both for drinking and resting hence the 

areas around the dam are heavily over utilised . The biomass 

yield of site 31 was about 70g of dry weight per square metre . 

There was hardly anything to harvest in this area . 

colour for this site was reddish brown . 

The soil 

The cation exchange capacity of site 31 wa s l . 5mol/kg of soil. 

This figur e is very small compared to the other figures in the 

model . The organic carbon percentage was O. 14 % which is the 

smallest amount for the whole data set . Few species that were 

seen i n site 31 included , mainly Eragro s ti s species , thus 

Eragrostis plana 36 %, Eragrostis trichophora 11. 3 %, Eragr ostis 

rigidior 13.3 % and Eragrostis heter omera 36 %. 



-~e si:es which are ver y clo se to the residual and wh~ch 

re ores ent ~ess utiliza ti on , include sites which were a so in the 

::>oer. g rass land . They are 5 9 , 65 and 66 (group A2 fig . 11 .1 ) , and 

•,1ere domir.a ted by Schimidtia pappophoroies and Andropogon eucomus 

Sites 42 , 44 and 45 are ve ry close on the graph (group Al fig. 

11 . ) , and were taken in the open grassland of block 3 . They had 

a similar species composi ti on , viz : were dominated by Aristida 

co.--::;2s ca , An :hepora argen tea and Andropogon eucomus . The organic 

carbon percentage of these sites closer to the second axis were 

0 . 8 5 ~, 0 . 84 % and 0 . 83 % while the organic carbon percentage for 

sites 59 , 65 and 66 were 1. 02% , 0 . 97 % and 0 . 89 %, respecti ely . 

Fig . 23 shows a curve for Andropogon eucomus which shows maximum 

abundance at less degraded sites , decreasing as the degradat i on 

becomes oderate . Statistics is 0 . 923 and the correlation 

coefficient is 0 . 748 . 

Fig. 24 a curve for Anthepora argentea which shows a similar 

behaviour to Andropogon eucomu s where it attains maximum 

abundance in less degraded sites and decrease as the level of 

degradation becomes mode r ate . Statistics is 0 . 704 and the 

correlation coefficient is 0 . 300 . 

Fig . 25 a curve for Eragrostis trichophora shows high abundance 

~n ess degraded sites and increases fu r ther with moderate 

degradati on and decreases with an increase in degradation level . 

Statis tics is 0 . 482 and the corre lation coe f ficient is 0 . 185 . 
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this species shows 

~a z:~un ab ndance for less deg raded sites and then decreases to 

2eco as the deg radati o n level increases . Statistics is 0 . 51 6 and 

t~e co rrelati o n coe ff icient is 0 . 147 . 

:' 1g . 27 a curve f o r Aristida barbicoll is starts with minimum 

abundance at less degraded sites and increases to maximum at 

moderat e degrada tion and none at all for severely degraded sites . 

Stati stics is 0 . 774 and the correlation coefficient is 0 .433 . 

Fig . 28 a curve ior Aristida congesta showing maximum abundance 

spreading for less degraded to moderately degraded sites and 

decreases as degradation increases . 

correlation coefficient is 0 . 216 . 

Statistics is 0 . 572 and the 

Sites 18 , 7 , 30 , 39 and 38 (group B fig . 11 . 1 ) were taken going 

awa y from Mogobe dam in to the park . Their positions on the graph 

repre sent the moderately used sites . The s e areas were neither 

hea v ily nor lightly used , hence the s i tes are positioned to 

represent moderately utilized . The dominant spec i es in these 

sites include Eragrostis trich ophora , Heteropogon cont ortus , and 

_::__c:-.: s ::-. ida ccr.ge s ca , £us tachys paspaloides . The organic carbon 

9ercen tage o f these range from 0 . 42 to 0 . 61 . 



2 . Abundance For HETE COH 

26. 0 

w 13. 0 
t-
w 
:r: 

6 . 5 

0. 0 

• 

• 
• 

0. 0 14. 0 

()ADI NATION 

Dt10C Species Abunda nce 

2:3. 0 42. 0 

u = 3.061e+OO RMSE= S.697e+OO r 2 = 0.147 d=0.516 

Equ.::1ti,:,n Y= 12. OS16S4~xp( - ( X- 12. 081493) ""2 

/(2*7.476954-"2)) 

USED t1 Et-1 (::::· :::=::===::=:::, 70 K 

• 

56. 0 70. 1 

Fig . 26 Species abundance and regression a nalysis curve for Heteropogon contortus for 

Model B 

ISP□ Ul . 01 C,:,pywrite (C) , 1993 

I 



2 : Abundance for ARtS BAR 

a 
-:r: 
w 

22. 0 

( ( 1 11. 0 
...... 
a 
-:r: 

5 . 5 

0. 0 
0.0 

•• 
■ 

■ 
■ 
■ 
■ 

■ 

■ 

14.0 

()ADI NATION 

□MOC Species Abundance 

2::: . 0 42.0 
Fit-st a :x: is 

:::tats: o-=3. 897e+00 RMSE= 4. 310e+00 t-l =0. 433 d=0. 774 

Equation Y = 0. 764780+0. 755154*X 

U'.=:ED ~1Et-1 C::~ =:=::::::::::::~=:, 70 I< 

56.0 70. 1 

Fig . 27 Species abundance and regression analysis curve for Aristida barbicollis for 

Mo d e l B 

I SP□ Ul.01 Copywrite (C) , 1883 



2 Abundance f"or ARIS CON 

26.4 

z ,-, 
.:::_, 

( (I 17. 6 
,-...., 
er: -,r: 

0 . 0 

• 

0 . 0 

• 
• 

• • 
• 

14.0 

()ADI NATION 

□MOC Species Abundance 

42.0 
Fit·st a xis 

u = S.011e+00 RMSE=9.349e+00 rZ=0.216 d = 0.572 

Equ.::1tion Y=2 0. 030345 - 0. 261391*X 

U::;ED t·1Et-1 C-·-_ ..... _ ..... _ ..... _ ..... _ ..... _ ...... _ ...... _ ...... _-'-,,· 70 K 

56.0 70.1 

Fi g . 28 Spec ies abundance and regression analysis curve for Aristida congesta for Model 

B 



7 he last se t Jf si t es are far on the ri gh t s ide o f a xi s 1 . The 

f ou r si tes wh i ch represent t h e h ighly utilised areas of the park , 

a r e site s 28 and 29 wh i ch were very clo se to a drinking point in 

bl oc k 2 and sites 31 and 32 which were very close to Mo gobe dam . 

Thes e f ou r s ite s are therefore representative of heavily utilized 

s ite s. The dominant species in site 28 and 29 were Eragr o s tis 

h e~ ercm e r a , Eragro stis r igidior, Era gr ost i s t ri chophora a nd 

Era g r o stis b i f lo ra . The organic carbon percentage of these two 

s i tes are 0 . 18 and 0 . 1 7 which are considered very low when 

compared with other figures in the model . 

Sites 3 1 and 32 were also dominated by Eragrostis species like 

Era gro s t is pla n a , Era gro s tis h eteromera, Era gr o stis r i gidi or, 

Era gr ost is t r ichophora an d Era g r ostis e chinochlo idea . The organic 

carbon percentage of these two sites are 0 . 14 and 0 . 16 which are 

cons i dered the lowest percentages of all . 

After the ordinations were run and manipulated until acceptable 

res u lts were obtained , any variations that occur on the residual 

axes could be due to various factors such as differences in 

rainfall , minor soil variations and management history of the 

sample plots. However , these variations were minimised by the 

elimination of outlier sites . The ordination models now seem to 

prov i d e a good fit to the remaining sites , which implies that the 

def ined degradation gradients can be regarded as appropriate 

b ases f o r the condition of the park . 



5 . 1 . 3 I NTERPRETATION OF BIOMASS RESULTS 

~~ chis study those sites which were taken in highly utilised 

3.reas we r e expected to have very low y ields , similarly , sites 

Nhlch were take in areas which were less utilised were expected 

co ~ave very high yields . Heavy use leads to less regeneration 

both veg e tatively and reproductively . Plants are grazed in a way 

chat doe s not provide ro om f or fl owe ring and seeding. It can 

also weaken the f ood supply needed for cell division wh ich 

suppo rLs vegetat ive growth . When studying produc tion of 

range lands , it is o f great importance to consider the species 

composition and biomass yield of the area , mainly because the 

bio l ogical properties of a community change as species enter and 

leave the community. 

Rickl efs ( l 990) agrees that as a community matures , the ratio o f 

bioma ss t o productivity increases , The ma intenance requirements 

of the community also increase until production can no longer 

meet the demand , at which point the net accumulation o f biomass 

in the community stops (Odum : 1969 , Whittaker : 1975 , Peet : 1 981) . 

However , the end of biomass accumulation does not necessarily 

signal the attainment of climax , spe c ies may continue to invade 

:he community and replace ot hers whether the bi omas s of the 

comm nity in c reases o r not . 



:- - ..,... : he purpose o f clari f ying the corre lation betwee n the biomas s 

va : ues of site s and their degradat i on gradient , Spearman ' s rank 

=o r~elation coefficient was used to test for significance using 

: h e t - statistic and the table available in most statistical 

books . The va lue oft has to exceed 2 . 49 in a one - tailed test at 

0 . 0 1 leve . The t value for model A was 5.44 and that for model 

B was 4 . 39 , both the values were above 2 . 49 which shows a 

. egative correlation between biomass and degradation (fig . 29 and 

fig . 30 ) . 

he relationship is considered negative in this study because it 

has be en found through Spearman ' s ranking that those sites whose 

biomass yields are low , their level of degradation is high . 

This is the same for sites whose biomass yields are high , then 

the y have low degradation values . Then such sites have low 

degradati on value s due to their closeness to the residual on the 

ordinat i o n graph . 

Sites , 1 to 4 were on a less utilised area , the grass species 

were still in a good condition . The only thing that might have 

brough t the differenc e in their yield is that site 1 and 2 were 

ve r y clo se to the road , hence a lower yield because o f 

disturbanc e resulting fr om road construction . As a result site 

2 had a b i oma ss yield of 253 g / m2 which is regarded a high value 

and a degrada tion value of 90 . The removal of top soil and 

addition o f small stones when making the road might have affected 
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some spec~es as well . Sit es 5 o 8 were als o i ~ block 8 fart he~ 

away ~rom drinking points , hence their yi elds are more than 200 

g o f dry weight per square metre which can be considered 

modera te. The degradation value of site 5 has been found to be 

9 , which is considered not very low or very high . This conf irms 

the condi i on of the site to be moderately utilised . The same 

goes for sites 9 to 12 . These were also taken on the reddish 

soils in block 9 and also have yields above 200 g/m2 of the dried 

vegetation sample . In this set of samples , site 11 had a biomass 

yield o f 219 g / m= However this set of sites were taken where 

there was fire in the previous years . Huntley 1972 , Tainton , 

Groves and Nash: 1977 confirm that fire f ollowed by subsequent 

cl ipping has shown to reduce total dry matter yield relative to 

post-fire protection . It is because of this , that fire is used 

very sparingly by proponents of controlled selective grazing , 

usually only in higher r ainfall sour - veld areas (G rossman et 

al . : 1981) . Moving closer to the dam were sites 13 to 15 where 

the yield for site 13 was 202 g/m2 of the dried sample while for 

site 14 the yield went down to 192 g/m2 of the dry weight . This 

site wa s closer to the dam in block 9 . Similarly site 15 was very 

close to the drinking point , but the yield was only 60 g/m2 this 

is one of the sites which were heavily utilised hence a very low 

yield . The degradation value for this site was estimated at 89 , 5 

which means that the site was positioned f urther away from the 

residual on the ordination graph showing that the site is 

severely degraded . 

resting purposes . 

Animals frequent the place for drinking and 



3 ::e :E to :s were also ir1 bloc k 9 . _he yc..e.:..ds .:.:--. : ~.ese si:es 

".:::e : :.cg, 258g , 225g o f dry weighL per square metre , while 

degradation values are between 36 and 14 , 2 which are regarded as 

. oderatel y u ilised sites depending on the ordination scale for 

each mode . AnoLher set of sites was taken in an area within the 

park whic was initially used for kraals . Sites 19 and 20 

represent the most heavily utilised area in this set of sites. 

The species in these area were still under recovery because there 

might have been heavy grazing and resting by animals in the past: 

The biomass values for these two sites were 79 g/m2 and 112 g/m2 

respectively . Other sites in the set were into the park hence 

some difference ~n the yield as compared to site 19 and 20 . 

There were some differences with the sites taken in the area but 

moving some paces away from the kraals. 

Si e 28 to 30 were farther away from the dam in block 2 . This 

was one of the drinking points , which seemed not to be preferred 

by many animals. The reason could be that 50 % of the dam was 

invaded by the water plants which are not preferred by many 

animal s. Sites 28 and 29 had bi c : .. ass yields of 85 g/m2 and 90 g/m2 

respectivel y , which are considered very low . The degradation 

values were 70 and 56 , 4 respectively , which are regarded as high 

in he model indicating that these site were also moderately to 

severely degraded . 

Mogobe dam is one of the most common and biggest drinking places 

in the park . Sites were selected very close , farther away and 



~e~~ rar rr om this point . These are in a se~ of sites ~ro~ 3: :o 

~~ - Site 33 and 3 4 were very close to the dam hence the l ow 

yields of 17 0 g/m= and 142 g / m=. Their degradation values were 74 

5~d 62 which are regarded high depending on the models in which 

the conc er n e d sites appear hence showing highly degraded sites . 

Site 42 to 56 were in an open grassland in block 3 . The yields in 

this set of sites are not very high . This was one of the areas o f 

the park which could be considered moderately utilised . The 

yields in this set range between 162 g/m2 and 269 g /m= which are 

not very high . Next to block 3 is block 4 which was almost 

s imi la r to block 3 in species composition and the level of 

u tility . These two blocks were not heavily utilised , but 

modera tel y utilised . The last set of sites was taken around the 

building s . These include sites from 61 to 70. It is in this set 

of sites that we find less utilised site s with very high yield . 

Most of the sites in this group have yi e lds above 250 g/m2 and 

even two of the sites above 300 g/m2
• The s e are the ones taken 

very clo s e to the buildings , where animals do not often come 

f o r grazing . 



~ ~e iegra cia~i o n values o f sites in t ~ is set range from 00 t o 8 in 

~odel A and from Oto 13 for model B . These low values indicate 

;:: .e good conditio n of the sites because these were pos it ioned 

·:e.:- ~; :: : o se t o hE: residual in the ordination graphs , hence low 

d e g .:-ada i on v alues . 

Walker ( 198 2 ) stated that the presence of a large unpalatable 

o io ass increases the res ili enc e o f a system through an inertia 

'.J r b uffering ef feet . The grasslands wit h such a component 

represent the vegetation which would probably be able to 

withstand seasona l drought condition s and much higher stocking 

rates without a drastic loss o f cover , erosion , bush 

encroachment , and could the ref ore be regarded as relatively 

stable and resilient . 
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CHAPTER SIX 

DISCUSSIONS AND CONCLUSIONS 

6 .1 GENERAL DISCUSSIONS 

Land degradation seems to be a problem facing many rangelands , 

game reserves also experience this problem because of the numbers 

of animals kept there . However , the principal causes of 

degrada tion were found to be water and wind erosion accompanied 

by damage or loss o f vegetation and soil salinisation by Woods 

(1983) and Cha rtres (1987 ) . 

In this study, attention was paid more to under utilised , over 

util ised and moderately utilised areas of the park . Biomass 

results of the sites taken from the different areas o f the park 

also help highlight the level of utilisation of different areas. 

For instance under normal circumstances , one would expect over 

utili sed sites to have a low biomass yield and under utilised 

sites to have a higher biomass yield . This was also veri f i ed by 

using Spearman ' s rank correlation coefficient to check the 

correlation between biomass and degradation . 

showed a strong negative correlation. 

The results then 



P., nowledge o f the reaction o f species to climai::e and its 

ir.:erac i::i on with de f o liation , together with an understanding of 

:he soil factors tha t are limiting the rec overy process , would 

cherefore be o f special importance in devising management 

s rategies for the improvement o f d egraded rangelands (Bosch & 

Ga ch : 1991 ) 

Koi::ze et al. (198 4 ) support the fact that the amounts o f herbage 

a v a i lab le wi 11 differ between sites with markedly different 

species compos ition . It is also assumed by the same researchers 

that f o r a veld o f a given composition , grazing c apacity is 

directl y rela ted to yield i.e. tho se areas whi ch are highly 

grazed will probable p r oduce l ow yield which may result fr om the 

unpalatable g rasses which are not preferred by animals . The 

measu r ement o f yield at each site would allow f o r valid 

comparison . 

Extreme cl imatic o r grazing conditions can also c ause large 

changes in the vegetation (Noy Meir & Walker : 198 4 ) . It was 

obse rved in this study in the park , that there are areas whose 

vegetati on could be regarded as representing a good conditi on . 

This was also confirmed by referring to species present in such 

areas . It has been di scussed in this study which sites seem to 

have be en less degraded , moderately and severel y degraded and the 

speci es which are found in the different levels of degradation , 

for instance , in Mode l A, Gaussian models provided the best fit 

for species abundance data o n the degradation gradient for 



i i ke .1-!e ':. eropogo,--: contorcus , Ar i s tida barbicc.:._.:._.:_s , 

.~.---.dropogon eucomu s and Eragroscis trich oph ora who se O-statis t i c 

i s h igher than 0 . 600 . Fo r mode l B such spe c ies included 

!-!eteroooao.1 con t or t us a gain with 0 - statist ic o f 0 . 516 a nd 

.::.r is t ida barbicolli s , Androp ogon eu comu s and An thepora argen tea 

wh i c h are well a b ove 0 . 600 . Aristida conge sta has t h e va lue o f 

0 , 5 72 which i s a l s o cl oser t o 0 . 600 . The o ther c h os en speci es 

f o r model A ho wever had lower O-statistic and these te nd ed t o be 

no n - r es ponsive the y are Themeda tr i andra with 0 . 497 a nd Melinis 

repen s and Ar i stida c onges t a which have values less than 0 . 400 . 

From t he r eg ressi o n analysis curves o f these speci e s (Chapter 

five ) it could be n o ted that some species tend to inc rease with 

le ss d egradation and decrease as the level of d e g radati o n 

i ncre ases f orm moderately degraded to severel y degrad e d . 

Most of t he sites are taken in blocks which are clearly kn own and 

u nde rs tood by the present management , it is the r e f o re ver y 

imp o rtan t tha t the two models de vel oped f o r Botsal ano Game 

Rese r v e be u sed for the rest o ration of those mode r atel y t o 

severe l y degraded areas o f the park . Degradati o n reduces the 

c apac i ty o f r ang e l and res ourc es t o produce goods and s e rv i c es o f 

value to s ocie ty (J ohnston et al . 1 990) . It is ver y i mp o rtant 

t hat t he manag eme nt o f the park pay s attenti on to those areas 

which ha ve b een f ound h eav il y d egraded i . e these a re the a r e as 

ve r y c l o se t o wa t e ri ng p o ints and areas close t o the old kraals , 

s· te numbe rs a re ind icated and blo ck numbers where these sites 

we re samp les are dis c ussed in se c ti on 5 . 1 . 3 . Ev en tho se whi c h are 



rnode raL ely d egraded are als o indicated in this section . The DMOC 

o rdinat io n models also have sites grouped into group Al , A2 , B 

and C f o r model B to indicate increas ing level of degradation 

r om Al o C, and groups A, B, C in Model A also indicate the 

same increa se . Fu rther deteri o ration due to severe overgrazing 

leads to the encroachment by karoo shrubs (Bosch:198 9) . 

6 . 2 METHOD APPRAISAL 

Wh en beginning an ecological investigat ion of an area , it is 

u sefu l t o subdivide the general vege tation cover into more 

homogeno us s ubunits (Mueller-Dombois : 197 4 ) In this study a 

deta iled s o il map o f the area was used to select the most 

e x t e nsive s o il type. This was where most of the sampling was 

do ne . Mueller - Dombois (1974 ) also supports the fact that maps 

often prov ide the opportunity for a fair distribution of sampling 

in the sense of geographic distribution and vegetation variation . 

Th e point method that was used in this study for c o llection of 

da ta in the field , has also been used by many investigators . 

Mo st of them have the general opinion that this method has every 

p r o s p e c t o f becoming the accepted one for large-scale surveys as 

well as f o r exact field analysis (Brown : 1957 ) . All those who 

have u sed this method confirm that for analysis by area there is 

a sav ing o f time and labour when compared with other methods . 

Though be st suited for short vegetation (up to 4 - 6 metric ) the 

me thod c an be adapted for taller vegetation and can be used on 



~evel or uneven ground . The pin point makes possible the exact 

disti nct · on between species , even if the sward is dense (Brown 

According to Goodall(1952) the personal differences between 

obs ervers are not g reat but it is desirable , that in any series 

in which compar isons are to be made , readings should be made by 

the same pe rson . Crocker and Tiver (1948 ) showed that under 

normal weathe r conditions and with analyses made at the 30 0 - 400 

point l evel, the variation between different observers is little 

greater than between separate analyses made by the same 

indiv i dual . In their experience , the personal fa ctor enters on 

days o n which a strong wind blows . On such days it would be 

bette r to avoid using the point method , especially in grass which 

is a f oot or more in height because in the swaying grass it is 

dif ficult to decide whether a grass should be counted as a hit o r 

a miss . In this study , there were some difficulties in 

ident ifying a hit or a miss only in a case where many species 

clinging together. The height of the grasses also gave some 

prob lems in those sites whose cover was mainly tall gras s species 

especiall y because most of the days were windy . 

Davi es (1931) makes a criticism that the total area examined is 

very small in proportion to the whole area under ana lysis , when 

the number of re ading s is high . This did not seem t o be t h e case 

~n this study because a large area of the park was covered , which 

could be r epresentative of the whole park . 



The da ca was split inco sets, which finally gave ou t two 

degradation models for the park . This conclusio n therefore 

s~p po rts the acceptance of the degradation models as appropriate 

and provides sound bases for condition assessments of vegetation 

in the Botsalan o game reserve. 

6.3 RECOMMENDATIONS 

I wo uld like to recommend that field work be undertaken during 

warmer months, viz ; January , February and March . These are warmer 

and wetter mon ths, during which most plant species have their 

flowe rs and leaves . Identification is much easier and saves time 

for the researcher. Different species flower at different times 

of the year , it would still be advisable to carry out several 

surveys representing different season s . 

Most vegetation communities have different species . The variation 

in species composition is related to variation in associated 

environmental factors which can usually be represented by 

environmenta l gradients . It is very important to carry out 

o rdinations as the emphasis here is o n individual samples or 

species . Thei r degrees of similarity to each other and on 

dete rmining how the o rder of the individuals is correlated with 

unde rlying environmental controls (Kent & Coker : 1992 ) . 



The ~ange and cho i c e o f methods f o r o rdination is a s ubstantial 

p r o b.:..em f o r bo t h researchers and students (Kent and 

Ba lla r d : 1 98 8 ) Even now , there is no absolute agreement over 

which i s t h e ' bes ' method that gives the least distortion to the 

data . In this study detrended correspondence analysis ( DCA ) was 

cho se n becau se it mainly inv olves detrending . It is referred to 

as t h e removal of the ' arch effect ' which is a problem in 

reci p r ocal averaging (RA ) . Gauch (1982 ) also concluded that DCA 

gi ves results at least as good and usually superior to other 

ordination techniques . DMOC which is a PCA ordination techn ique 

was used in the analysis . 

A useful monitoring tool has resulted , which can be useful in 

informing management s t rategies in the park . Sample surveys can 

be used to determine trends in vegetation change and informed 

ad justments t o stocking rates and types implemented . However , I 

still agree with Werner ( l990 ) that increased interaction between 

the pure scientist and the land manager would be of mutual 

benefit to the understanding of natural systems and to the 

range l ands which are fundamental to the health o f our c ountry . It 

is also very important to apply basic ecological principles in 

management to ensure that l ong - term sustained productivity of 

range ands . 

It i s therefore als o recommended that the management of Botsalano 

Game Reserve apply some of the ecological and even economical 

principles to those areas which are already degraded , for 



2..nstanc e, there are areas in the park whi ch have lost most 

pa atable species and which are replaced by the unpalatable 

spec ies , then the management can look for the seeds and re - seed 

the los species , but also bearing in mind that if the seed bank 

: o r the d esirable plants is exhausted , then the range will not 

natu ra l l y regenerate even if it is totally destocked unless 

addit i onal re - seeding costs are incurred . 

Werner (1990) also outlines the principle of success ion that it 

involves a series of species replacements, fast growing weedy 

species replaced by slower growing but longer lived and strong 

competitive species . The management can thus put up strong 

control measures for herbivores not to get to the treatment areas 

by erecting a fence around the area . However , long- term planning 

is necessary to restore the degraded areas in the park . 

Some rest o ration treatments such as the use of prescribed fire 

cont rol woody weeds in degraded semi-arid woodlands, are already 

know n to be cost effective (Burgess , (1988 ) , Hodgkins on et al. 

( 98 5 )) , whereas other treatments , such as the broad scale 

appli cation o f expensive herbicides to control shrubs, are 

uneco nomical (Burgess : 1986 ) 

The results from this study also do reflect that the level of 

deg radati on decrease with distance away from water points. Using 

dist ance from water points seems a reasonable surrogate for a 

gradi ent in grazing pressure and this grazing gradient approach 



~s a so being widely used in Australia as well (Landsberg et 

al .: 1997 ) . However , caution is also necessary because this 

~easure may not reflect historical grazing pressures away fr om 

·,..;a:er points . Ludwig et al . ( 1999 ) also confirms tha t a decline 

in the density , cover and obstruction widths of vegetation 

patches close to water points indicates a loss of funct i o n , that 

' is a decline in the abilit y o f the landscape to retain vital 

resources becaus e of excessive run - of f losses of water , soil 

s-c::diment s , nutrients , and litter . Plant richness also decline 

near water , hence areas near water points can be viewed as 

' sacrifice zones ' because such areas will always b e heavily 

impacted by stock (Andrew and Lange : 1986) . 

It c an also be believed that the exist e nce of these severely 

degraded areas in the park is due to the ignorance of the past 

park managers who might have been igno rant about the long-term 

consequences by overstock i ng , however most manage r s now take care 

to avoid over stocking a range that is still in good condition . 

Lindner (1990) suggested that if the range is already severel y 

degraded , then the most profitable course of action will be to 

oppo rtunistically graze the land whenever it manages to produce 

any forage, with the aim of totally degrading the range , this 

idea can be use ful f o r Botsalano game reserve to totally degrade 

thos e areas with the sole purpose of may be building s ome chalets 

or camping sites for visitors . At the other extreme , 

Landner(l990) suggests again that range which is either in good 



:cndit: o r. , o r highly degraded , can be exploited on a sustainable 

bas s by mat c hing the stocking rate to ~he feed availability . 

Th is grazi ng management strategy will rest ore and preserve the 

ra~g e in good condition in perpetuity . Finally , for range which 

1s moderately deg raded these might be some value in de -stocking 

J~r 1n g seasons when there are good prospects for seedlings to 

b e come established . 

There f o re de - stocking the game reserve and re - seeding it can be 

helpfu to the existing condition of Botsalano Ga me Reserve , 

although the process o f recovery is much slower than the process 

of d egradation. 

Since the park is also used to accommodate different groups of 

pe opl e who either go there for camping or hunting , restoring the 

seve re ly d egraded areas of the park espe cially those close to 

wate r points and roadways is likely to provide aesthetic and 

recreati onal benefits to tourists and other travellers in the 

area . 
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APPENDIX A 

TABLE 2 
----------------

HYDROHETER METHOD CLAY IN SOIL 
----------------- ----------------------------- ------------

50 g soil in 1075 ml of distilled water HYDROl1ETER READING AFTER 8 HOURS 
--------------------------------------- ----------------------------------------------------------------------- --------------------------------

HYDRO-
METER TEMPERATURE C 
READING 

17 C 18 C 19-20 C 21 C 22 C 23 C 24-25 C 26 C 27/28 C 29 C 30-31 C 32 C 33 C 
-------------------~----~------ \, ----~ ·· -- ¾ ·--¼------~------¼-----~----- \t----~ ·----~---~--

-3 - - - - - - - - 0 1 2 3 4 
-2 0 1 2 3 4 5 6 
-1 0 1 2 3 4 5 6 7 8 
0 0 1 2 3 4 5 6 7 8 9 10 
1 0 1 2 3 4 5 6 7 8 9 10 11 12 
2 2 3 4 5 6 7 8 9 10 11 12 13 14 
3 4 5 6 7 8 9 10 11 12 13 14 15 16 ,, 
4 6 7 8 9 10 11 12 13 14 15 16 17 18 
5 8 9 10 11 12 13 14 15 16 17 18 19 20 
6 10 11 12 13 14 15 16 17 18 19 20 21 22 
7 12 13 14 15 16 17 18 19 20 21 22 23 24 
8 14 15 16 17 18 19 20 21 22 23 24 25 26 
9 16 17 18 19 20 21 22 23 24 25 26 27 28 

10 18 19 20 21 22 23 24 25 26 27 28 29 30 
11 20 21 22 23 24 Z5 26 27 28 29 30 31 32 
12 22 23 24 25 26 27 28 29 30 31 32 33 34 
13 24 25 26 27 28 29 30 31 32 33 34 35 36 
14 26 27 28 29 30 31 32 33 34 35 36 37 38 
15 28 29 30 31 32 33 34 35 36 37 38 39 40 
16 30 31 32 33 34 35 36 37 38 39 40 41 42 
17 32 33 34 35 36 37 38 39 40 41 42 43 44 
18 34 35 36 37 38 39 40 41 42 43 44 45 46 
19 36 37 38 39 40 41 42 43 44 45 46 4 7 48 
20 38 39 40 41 42 43 44 45 46 4 7 48 49 so 
21 40 41 42 43 44 45 46 47 48 49 so 51 52 
22 42 43 44 45 46 47 48 49 so 51 52 53 54 
23 44 45 46 47 48 49 so 51 52 53 54 55 56 

. 24 46 47 48 49 so 51 52 53 54 55 56 57 58 
25 48 49 50 51 52 53 54 55 56 57 58 59 60 
26 50 51 52 53 54 55 56 57 58 59 60 61 62 
27 52 53 54 55 56 57 58 59 60 61 62 63 64 
28 54 55 56 57 58 59 60 61 62 63 64 65 66 
29 56 57 58 59 60 61 62 63 64 65 66 67 68 
30 58 59 60 61 62 63 64 65 66 67 68 69 70 
31 60 61 62 63 64 65 66 67 68 69 70 71 72 
32 62 63 64 65 66 67 68 69 70 71 72 73 74 
33 64 65 66 67 68 69 70 71 72 73 74 75 76 
34 66 67 68 69 70 71 72 73 74 75 76 77 78 
35 68 69 70 71 72 73 74 75 - 76 77 78 79 80 
36 70 71 72 73 74 75 76 77 78 79 80 81 82 
37 72 73 74 75 76 77 78 79 80 81 82 83 84 
38 74 7S 76 77 78 7i 80 81 82 83 84 85 86 
39 76 77 78 79 80 81 82 83 84 85 86 87 88 
40 78 79 80 81 82 83 84 85 86 87 88 89 90 



APPENDIX B 

TABLE 1 
-------

HYDROHETER METHOD SAND IN SOIL 
----------------- ----------------------------- ------------

m 

SO g soil in 1075 11 of distilled water HYROOHETER READING AFTER 4 MINUTES 
======================================= --------------------------------------------------------------------

HYDRO-
METER TEMPERATURE C 
READING 

______________ 17 ~ - ___ 18~ __ 19-2¾ ____ 21.~----22~---· 23~ __ 24-~c ____ 26~ __ 21~ c ____ 2~ __ 3o-¾c ____ 3¾--- 3t_c_ 

-3 - - - - - - - 100 99 98 97 96 
-2 100 99 98 97 96 95 94 
-1 100 99 98 97 96 95 94 93 92 
0 100 99 98 97 96 95 94 93 92 91 90 
1 100 99 98 97 96 95 94 93 92 91 90 89 88 
2 98 97 96 95 94 93 92 91 90 89 88 87 86 
3 96 95 94 93 92 91 90 89 88 87 86 85 84 
4 94 93 92 91 90 89 88 87 86 85 84 83 82 
s 92 91 90 89 -. 88 87 86 85 84 83 82 81 80 
6 90 89 88 87 86 85 84 83 82 81 80 79 78 
7 88 87 86 85 84 83 82 81 80 79 78 77 76 
8 86 85 84 83 82 81 80 79 78 77 76 75 74 
9 84 BJ 82 81 80 79 78 77 76 75 74 73 72 

10 82 81 80 79 78 77 76 75 74 73 72 71 70 
11 80 79 78 77 76 75 74 73 72 71 70 69 68 
12 78 77 76 75 74 73 72 71 70 69 68 67 66 
13 76 75 74 73 72 71 70 69 68 67 66 65 64 
14 74 73 72 71 70 69 6~ 67 66 65 64 63 62 
15 72 71 70 69 68 67 66 65 64 63 62 61 60 
16 70 69 68 67 66 65 64 63 62 61 60 59 58 
17 68 67 66 65 64 63 62 61 60 59 58 57 56 
18 66 65 64 63 62 61 60 59 ·58 57 56 55 54 
19 64 63 62 61 60 59 58 57 56 55 54 53 52 
20 62 61 60 59 58 57 56 55 54 53 52 51 50 
21 60 59 58 57 56 55 54 53 52 51 50 49 48 
22 58 57 56 55 54 53 52 51 50 49 48 47 . 46 
23 56 55 54 53 52 51 so 49 48 47 46 45 44 
24 54 53 52 51 50 49 48 47 46 45 44 . 43 42 
25 52 51 so 49 48 47 46 45 44 43 42 41 40 
26 so 49 48 47 46 45 44 43 42 41 40 39 38 
27 48 47 46 45 44 43 42 41 40 39 38 37 36 
28 46 45 44 43 42 41 40 39 38 37 36 35 34 . 
29 44 43 42 41 40 39 38 37 36 35 34 33 32 
30 42 41 40 39 38 37 36 35 34 33 32 31 30 
31 40 39 38 37 36 35 34 33 32 31 30 29 28 
32 38 37 36 35 34 33 32 31 30 29 28 27 26 
33 36 35 34 33 32 31 30 29 28 27 26 25 24 
34 34 33 32 31 30 29. 28 27 26 25 24 23 22 
35 32 31 30 29 28 27 26 25 24 23 22 21 20 
36 30 29 28 27 26 25 24 23 22 21 20 19 18 
37 28 27 26 25 24 23 22 21 20 19 18 17 16 
38 26 25 24 23 22 21 20 19 18 17 16 15 14 
39 24 23 22 21 20 19 18 17 16 15 14 13 12 
40 22 21 20 19 18 17 16 15 14 13 12 11 10 



l V 

APPENDIX C: LIST OF IDENTIFIED SPECIES 

1. Anthepora argentea 
2. Aristida barbicollis 
3. Heteropogon contortus 
4. Aristida congesta 
5. Bulbostylis burchellii 
6. Pogonarthria squarrosa 
7. Brachiaria negropedata 
8. Melinis repens 
9. Eragrostis echinochloidea 

10. Eragrostis trichophora 
11. Digitaria eriantha 
12. Aristida scabrivalvis 
13. Trichoneura grandiglumis 
14. Eustachys paspaloides 
15. Aristida diffusa 
16. Anthepora pubescens 
17. Cymbopogon validus 
18. Diheteropogon amplectens 
19. Eragrostis superba 
20. Elionurus muticus 
21. Andropogon eucomus 
22. Themeda triandra 
23. Pentarrhinum insipidum 
24. Eragrostis rigidior 
25. Eragrostis gummiflua 
26. Ischaemum afrum 
27. Urochloa mosambiensis 
28. Aptosimum lineare 
29. Mundulea sericea 
30. Cyperus longus 
31. Kyphocarpa angustifolia 
32. Indigofera melanadenia 
33. Oenothera tetraptera 
34. Chloris virgata 
35. Digitaria velutina 
36. Compositae 
37. Eragrostis heteromera 
38. Walafrida densiflora 
39. Schkuhria pinnata 
40. Alternanthera pungens 
41. Rhynchelytrum repens 
42. Gnaphalium filagopsis 
43. Eragrostis biflora 
44. Eragrostis plana 
45. Cynodon dactylon 
46. Tagetes 
47. Eragrostis junciformis 
48. Schimidtia pappophoroides 
49. Eragrostis chloromelas 
50. Setaria ingrassata 
51. Brachystelma cupulatum 
52. Monocymbium ceresiiforme 
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lO 18 . 4 19 . 0 1:: . 1 1'1 . J 8.5 4. 1 e . a ., . 6 14. -~ 10 . 6 ?.9 1 4 . 7 
I.I 17. J 1 7 . 7 10 .S 10 . 6 ~· . 9 4 . 6 7 . 7 5 . 6 l 1 , 0 I I . 0 u .o 1 6 . 2 
~}. IO . 5 19 , 7 l J . 2 1). J 7 .5 S. 6 6 .6 6 .l , ;? • 6 J,1 .1 $ . 1 1 9 . s 
l.J 10 . ] 1 S . R 16 . ~l 14. 1 9 , 3 !> , 0 ., . 't l.i\ 1 3 . 5 ,s. , 6 . J 1 7 . • 
7.4 1 ll . 3 16. 1 14 . 3 4. 6 'I . ) 6.1 7 . S 7 . 2 10 . 3 H.7 1 Z . 9 16 . 2 
l.'i 1 9. 8 16 . ij 14 . 7 G. 5 9 l S .6 2 . 6 10 . J 10 . 1 17.8 1 ., . 1 1 7 . s 
26 18,0 16 . 9 I 4. i e. <t 'J . 3 ~ - I 5 . J ,., 1 3 . S 17 . 9 12 . l 21 . 2. 
n 11. 9 16 . 9 14 .9 Ii . ? 5 . 6 S . 3 6 . 6 11. 7 14. 4 e. e n . ,; U . 9 
~o 1 5 . 8 14. 8 14 . 5 ? • ,; J . ] 7 . 3 J . 3 10 . 2 1 6. 1 11. 9 16. 0 20. 1 
29 1 6 i 14 . <l -1. .l 1 • • -4. 0 2 . 2 10.0 1 s . a 13.5 14.B l? . 8 
.1 0 I 6 . 9 1 S. -0 4 . 2 0 . ◄ Z. 7 6 . 3 1 1 . l 16 .9 1 3. 6 1 5 . :. 16 . 1 
.1 1 I O . 3 1) . 0 1.1 <J.O 11 . 1 1 L5 l? .1 

11 '/B I i . J 11 .1) 1 S . ~ 9 . ,; 6 . 5 l. ~ 4 . 3 6 . 8 1,. 'I 1 2 . 9 1 ~ . 6 17 . 5 
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0 I 17 . 9 18 . 8 17. l 15 . 8 '-' · 9 
oi 16 . 7 16 . 7 1 J . 1 15 . 8 10 . 7 
v3 14 . 6 16 . 8 1 0 . 9 1 3 . 5 10 . 0 
04 14. 6 1L4 13 . 2 1 3 . 7 12.6 
05 16 . 9 16 . 2 16.4 11 . 4 10.5 
06 1 8 . 3 20 . i 18. J 12 . 8 10 . 9 
07 17 . S 1 g .5 1 7. 5 12.9 1 0 . 2 
08 17 . 1 20.2 17.9 14 . 8 9 . 4 
09 19 . 4 17. 7 17. 6 1 J. ◄ 7 . 6 
10 10 .0 20 . f 14. ~ 14. 6 J , 2 
1 l 1 1 . 4 19. !> 15 .4 1 5 . 2 o.s 
12 16 . 8 ta.4 15 . 4 14 .s l . S 
13 15 . 5 J0 . 4 1).1! 13.9 2 . J 
11 16 . 9 14.4 13.0 1 J. 2 3 . S 
15 15. 6 ;io .0 15 ·" 13 . 8 0. 1 
16 16 . 5 18. t 14,J 15.0 0 . 2 
17 19. 9 1 s. 4 15 . J 13 . 4 4 . 9 
18 2O.J 15 . 'l 15 . 9 10. 7 ). 9 
lg 16.) 14 . S 18, 1 1 0 . 2 l . 8 
20 1 8 . Q H . 8 n.1 9. 3 4 . 1 
2 1 lfj . 7 15 , 1 Hl.O 10.2 3. 1 
22 18 . 7 11 . a 11. 8 10. 7 3.8 
lJ 18 . 2 16.4 17. 0 13 . 6 6. 4 

24 17 , 5 17 . 8 15. 7 1 2 • .l 5 . I 
is IS , '} 1 7. 3 16.0 1J. 7 7 . 5 
26 1 7 . 2 17. 9 18 . 8 u., 5. 1 
n 18 , 0 1 S., 14 . S 10. 7 s., 
28 11 - 6 16 . 6 1 s. i 9 • .} 11 . i 
:29 1& . 0 16 . 4 10.4 0 . 6 
.lO 15 . 0 16 . 5 10.8 :J. 2 
.l 1 1 8 . 7 IS.O '5 • .l 

AVE 10.0 17.4 15. 8 n.a 5.5 
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The followlno codes ar~ u•od : 

NB 

•••*• - * i •einQ data . 
A•••• - no obaervalion ••de due t o accueulation. 
a•••• - no obaervatlon aado due to accukulation b~t r~Ln foll. 
, - val~e unreliable dQc t o niasing data . 
C - value unreliable due to accumulation . 

Tba lot.al for the y..a,r (lEAR TOT) Kill only b• for the 
no11t h & a ppeariJ>O on the report. Th is value ••Y be 
!noorrect if only part of a yea r'e dat a I.a eztraet-.d. 

l<B 

••••• - ontbrekendc data. 
A•••• - gean observaate gedDiln agv 0P9ar~na . 
a•••• - geen obaervaate gedoen agv oJ)'Jartng ••ar d it he t 9ereen, 
j - waardo onb1troubaar agv ontbre~ende data . 
C - waarde onbetroubaar agv opgarlng. 

Die jaartotaal {JA~~ TOTI word bereken vir di• naand~ ~at op 
die •er&lao •erskyn . Biordi~ waarde ~an •erkaer~ W♦ fHI •• slega 
'n gedeolt• ••n 'n jaar se d~ta onttrek ie . 
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APPENDIX G 
BOTSALANO GAME RESERVE 
VEGETATION SAMPLING FIELD SHEET 

DATE: 
SITE: 

DIST SPP HT DIS SPP 

PERSON RECORDING : ----------­
SITE POSITI ON/ DESCRIPTI ON : 

HT DIS SP P HT DIS SPP HT 

C~NTS: (Distance to cultivation, recent burn in area, rockiness, shrub 
density, site distance from drinking pt, fenceline contr. , under big tree, 
protected/open 

-.-. .. r ..... _,... ,.... ~ ..... - ,..,-...-,I .-,,.~ t- ..... ,,c-= 
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APPENDIX H 

SPEARMAN 'S RANK CORRELATION COEFFICIENT FOR MODEL A 

SITE NO . BIOMASS RANK DEGRADATION RANK DIFF . DIFF2 

VALUE GRADIENT (d) ( d :) 

1 250 , 96 15 15 7 8 64 
5 261 . 12 20 19 15 5 25 
6 255 , 60 18 18 , 2 11 7 49 
11 219 . 12 11 18 , 5 12 1 1 
13 202 , 56 6 48 22 16 256 
15 60 . 96 1 89 , 5 26 25 62 5 
16 226 , 16 12 36 21 9 81 
21 276 , 00 2 4 18 , 7 13 12 144 
22 209 . 52 9 17 , 2 8 1 l 
23 195 , 04 5 20 17 12 144 
24 254 . 08 16 17 , 5 10 6 36 
25 265 . 44 22 17 , 3 9 13 169 
26 213 . 52 10 7 4 6 36 
27 258 . 16 19 7 , 5 5 14 196 
33 170 . 00 3 74 24 21 441 
34 142 , 24 2 62 23 21 441 
35 190 . 00 4 80 25 21 441 
40 276 . 80 25 19 , 2 16 9 81 
41 261 . 68 21 18 , 8 14 7 49 
49 208 . 24 8 22 18 10 100 
50 203 . 76 7 22 , 3 19 12 144 
51 269 . 12 23 25 20 3 9 
61 232 . 32 13 2 2 11 121 
63 277 . 12 26 0 1 25 625 
67 239 . 92 14 8 6 8 64 
70 254 . 08 1..6. --2..2 _J_ u 169 

4512 

r s = 1 . 0 - 6 X d 2 
n 3 - n 

Where d = difference between paired ranks 

n = number o f pairs of observations 

r s = 1. 0 - 6 X 4512 
2 6 3 - 26 

= 1. 0 - 27072 = - 0 . 543 
17550 



Significance testing 

The r , value must be tested for significance u sing the t 

sta istic and table available in most statistical books . 

Thus , 

t = r s 

J 
n - 2 
1 . 0 - r -

s 

t = - 0 . 543 { 26 - 2 
V i. o - 0 .295 

t = - 0 . 543 lo¼ = - 3 . 17 
V o. 7 0 5 

The value oft has to exceed 2 . 49 in a one - tailed test at the 

evel of 0 . 01 level . The t value fo r this model is - 3 .1 7 

negat ive correlation between biomass and degradati on g r adient is 

highly significant . 
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APPENDIX I 

SPEARMAN ' S RANK CORRELATION COEFFICIENT FOR MODEL B 

s ::: TE NO BI OMASS 
VALUES 

7 278 . 32 
1 21 9 .12 

18 225 . 76 
28 85 .7 6 
29 90 . 00 
30 238 , 72 
31 70 . 56 
32 100 . 40 
38 2 0 0 . 80 
39 193 . 04 
42 162 , 16 
43 246 , 08 
44 193 , 76 
45 229 . 28 
46 2 0 3 , 44 
47 168 . 88 
48 174 . 4 0 
52 1 98 . 24 
53 241 . 36 
54 171 , 44 
55 238 . 56 
59 170 .7 2 
60 229 . 29 
65 246 . 24 
66 21 6 , 32 

r 3 1. 0 

= 1. 0 

RANK DEGRADATION 
GRADIENT 

25 14 , 5 
16 3 
17 14 , 2 

2 70 
3 56 , 4 

21 15 
1 60 
4 55 , 8 

13 14 , 3 
10 14 , 4 

5 3 , 1 
2 4 4 
11 6 
18 2 
14 4 , 1 

6 3 , 6 
9 13 , 5 

12 7 
23 3 

8 0 
20 3 , 5 

7 13 
19 3 , 7 
22 13 , 2 
15 12 

6 X 3693 
25 3 - 25 

29262 
17550 

= 

RANK DIFF . 
(d ) 

20 5 
3 13 

17 0 
25 23 
23 22 
21 0 
24 21 
22 18 
18 15 
19 9 

5 0 
9 15 

11 0 
2 16 

10 4 
7 1 

16 7 
12 0 

3 20 
1 7 
6 14 

1 4 7 
8 11 
15 7 
13 2 

- 0 . 263 

DI FF . : 
(d2) 

25 
169 
0 
529 
484 
0 
441 
324 
225 

81 
0 

225 
0 

256 
16 
1 
49 
0 

400 
49 
196 
49 
121 
49 
.1 

3693 



Significance testing 

t = r s j n - 2 
1.0 " - r " 

s 

= - 0 . 262 ✓ 25 2 
1. 0 - 0 . 0 69 

= - 0 . 262 Jfu = - 1 . 30 
. 

~h is model has the t value - 1 . 30 , 

between bioma ss and degradation 

signi fi cant . 

the negati v e correlat i on 

gradient is o nce aga in 


