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ABSTRACT

The central aim of this thesis was to explore the environmental
determinants of the fynbos / succulent karoo boundary in the eastern
Cederberg Mountains, Western Cape. This work was carried out at
Matjiesrivier Nature Reserve (MNR), which straddles the boundary between
fynbos and succulent karoo. MNR was an ideal place to study the
environmental determinants of this boundary because it has a relatively
unique combination of steep climatic and edaphic gradients, and is free of
the confounding influence of fire. This thesis followed a logical procession
from an inductive vegetation survey with multivariate analyses, through to a
deductive experiment that tested the hypotheses generated in this earlier
work. A further chapter investigated the application of predictive mapping
using the survey results.

Seven major communities, derived from the survey using TWINSPAN
analyses, described the vegetation of MNR using both floristic and growth
form characters. These communities were incorporated into later chapters.
The advantages and disadvantages of floristic versus growth form characters
for vegetation surveys was reviewed. The proportions of shared and
independent variance attributable to floristic and growth form composition
were quantified using variance partioning techniques. Most of the floristic
variance was independent of growth form composition, while most of the
growth form variance was shared with floristic composition.

The environmental variables that best accounted for the distribution
of the major communities and the fynbos / succulent karoo boundary were
investigated using canonical correspondence analysis (CCA). Both species
and growth forms were distributed along two families of gradients: topo-
climatic and edaphic. There was a slow transition from fynbos into
succulent karoo that corresponded to a gradient of increasing aridity from
west to east across MNR. Within this climatic gradient, at a finer scale,
gradients of soil moisture availability (controlled by texture), pH and
conductivity caused separation of fynbos and succulent karoo species and
growth forms. These inductive analyses, combined with a literature review,

gave rise to the hypothesis that the fynbos / succulent karoo boundary was



controlled by gradients of moisture availability (mediated by precipitation
and soil texture) and nutrient status.

This hypothesis was tested in a glasshouse experiment where the
performance (i.e. biomass accumulation and survival) of fynbos and
succulent karoo seedlings was compared under treatments of precipitation,
soil texture and nutrient status. Nutrients did not seem to play an
important role compared to moisture availability. The physical environment
directly limited fynbos seedling survival. Fynbos seedlings were unable to
survive low levels of soil moisture, a consequence of either low precipitation
or of fine-textured soils. In comparison, the succulent karoo seedlings
survived under any moisture or soil conditions, indicating that they were
not limited directly by the environment. The fynbos seedlings did, however,
grow significantly faster than the succulent karoo seedlings under most
treatments. This suggested, but did not prove, that succulent karoo
seedlings were at a competitive disadvantage to fynbos seedlings. There may
be a biotic interaction between fynbos and succulent karoo that prevents
succulent karoo from expanding into fynbos. This hypothesis requires
further testing.

The application of predictive mapping and extrapolation of vegetation
units was also investigated during this thesis. I attempted to predict the
occurrence of communities, growth forms and the fynbos / succulent karoo
boundary using three easily-measured environmental variables (altitude,
geology and landtype). The results from the vegetation survey were
incorporated into generalised linear models (GLMs), within a geographic
information system (GIS), to generate models that could predict the
occurrence of a vegetation type with a certain probability. None of the
environmental variables were significant in any of the growth form models.
Although the models could only predict the occurrence of most communities
with a probability of < 0.5, maps generated in the GIS, based on the GLMs,
were very similar to the actual vegetation map generated during the survey.
The biggest problem with the models was that they could not account for the
transitional nature of the fynbos / succulent karoo ecotone. The models
supported the hypothesis that moisture and geology were the primary

determinants of the fynbos / succulent karoo boundary.

Vi



The results from the classification, multivariate analyses, generalised
linear modelling and seedling experiment all complemented each other. The
primary determinant of the fynbos / succulent karoo boundary at MNR is
topo-climatic (altitude and precipitation). Edaphic gradients of texture, pH
and conductivity impose further separation of fynbos and succulent karoo

within this topo-climatic gradient.

VIl



ACKNOWLEDGEMENTS

A number of people have been instrumental in the creation of this thesis.

My most excellent wife, Shelagh, who is an endless source of encouragement

and support.

It was a privilege to work under Richard Cowling, with his stimulating and

encouraging supervision.

Dave Richardson co-supervised the project, and thoroughly edited my work.

The project was funded by WWF-South Africa, Western Cape Nature
Conservation (CNC), Foundation for Research and Development, and PEW
Fellows Program in Conservation and Environment.. Mazda Wildlife Fund
made available a 4x4 vehicle. CNC also provided accommodation at MNR,
the use of a 4x4 vehicle and a field assistant.

Anna-Lise Le Roux acted as my liaison with CNC. Charl Du Plessis and the
other rangers from Algeria Forest Station always went out of their way to
make my stay at MNR comfortable, often at short notice.

A number of Undergraduate students, Vicky, Karen, Alex, Juliet and
Christine, assisted with the fieldwork under Cederberg winter conditions
with no hot water or electricity.

Dan Wilson and Nick Lindenburg (ITS, UCT) taught and helped me with GIS.

June Juritz (Dept. of Mathematics and Applied Mathematics, UCT) gave very
patient assistance with the generalised linear modeling and other statistics.

Neil Eccles commented on earlier drafts of chapters.

Janet Allsopp and other postgrad students gave encouragement and
commiseration when appropriate.

VI



LIST OF FIGURES, TABLES AND PLATES

A: Figures

Chapter One

1.1 Location of MNR in South Africa and western Cape, showing all the internal farm
boundaries and major landmarks 6

1.2 The geology of MNR: surface view and profile . 9

1.3 The topography of MNR: contours and profiles ] 11

1.4 The drainage of MNR: perennial and annual rivers ] 13

1.5 Summary of the monthly rainfalof MNR .16

1.6 The rainfall trend from west to east across MNR 1] 16

Chapter Two

2.1 The GIS coverages of altitude, geology and landtypes used to align the sampling
effort. Roads and sites are also indicated . 32

2.2 The floristic classification 39

2.3 The growth form classification 41

2.4 The vegetation of MNR: a map showing the distribution of the communities derived
PO T8 SUT Y 45

Chapter Three

3.1 The shared and independent variance components attributable to floristic and growth

oI COMM PO It O Y TS

Chapter Four
4.1 The four variance components derived from spatial auto-correlation

in CANOCO 93
4.2 Quantification of the four variance components of the floristic

and growth form data 99
4.3 Ordination diagram of the first two CCA axes of the floristic data ] 107
4.4 Ordination diagram of the first two CCA axes of the growth form data 110
Chapter Five
5.1 The actual and predicted distribution of the major communities in MNR 147
5.2 The actual and predicted position of the fynbos / succulent

karoo boundary in MIN R 148
Chapter Six
6.1 The experimental design used to separate the effects of moisture, texture and

nutrients on fynbos and succulent karoo seedling performance . 171
6.2 Water content of the shale-derived and sandstone-derived soils at a

range of matric PotentialS 176



B: Tables
Chapter Two

2.1 The structural differences between the three major vegetation

types present at MINR 22
2.2 The vegetation growth forms used during the survey and their

AbbreviatioNS 35
2.3 The similarity of the floristic and growth form classifications based on Sorenson’s

COBTIIC It 43
2.4 A summary of the environmental conditions averaged for all sites within a

COMIMUIIEY 46
Chapter Four
4.1 The environmental variables measured in each site during the survey, and their

AD DT OVIA OIS 88
4.2 Results of the forward selection of spatial terms in CANOCO to account for spatial

autocorrelation 96
4.3 Results of the forward selection of environmental variables in CANOCO for the

floristic and growth formdata | 97
4.4 Summary statistics from CCA of the floristic and growth form

D ata 100
4.5 Pearson Product Moment coefficients from CCA of the floristic

and growth form data 102
4.6 Canonical coefficients from CCA of the floristic and growth form data 103
4.7 Canonical coefficients of the standardised environmental variables 105
Chapter Five
5.1 The biomes, major communities and characteristic growth forms used in the

generalised linear models 127
5.2 The categories of geology, annual rainfall, aititude and landtype

used in the GLMs 130
5.3 The deviance, coefficients and standard errors of the community

and fynbos models ... . 136
5.4 The numbers of sites correctly and incorrectly classified by the community and

fynbos models 137
3.5 The probability of AFM occurringina site | 138
5.6 The probability of RSF occurringinasite 139
3.7 The probability of SSK occurring ina site 141
5.8 The probability of SKM occurringina site = 142
5.9 The probability of SaSK occurringina site 143
5.10 The probability of fynbos occurringinasite 144
5.11 The deviance of the growth form models = 145
Chapter Six
6.1 The four hypotheses proposed to test the role of moisture, texture and nutrients on

fynbos and succulent karoo seedling performance 172
6.2 The differences in soil physical conditions between the shale-derived and sandstone-

derived SOIIS 174
6.3 The differences in soil chemical conditions between the shale-derived and

sandstone-derived soils 175
6.4 Differences in seedling biomass accumulation between treatments 178
6.5 Differences in seedling survival between treatments .. 179



C: Plates
Chapter One

1.1 Views of the tilted Bokkeveld Group layers which create sandstone ridges and shale
valleys, and the fynbos / succulent karoo ecotone on the conformity between the
Table Mountain and Bokkeveld Groups XII

Chapter Two

2.1 Examples of asteraceous fynbos matrix (AFM) at MNR ... XIII
2.2 Examples of restioid sandy fynbos (RSF} on both sand and gravel plains XIV
2.3 Examples of dwarf bedrock shrubland (DBS) in fynbos and succulent

Karoo XV
2.4 Examples of kloof thicket (KT) at MNR i XVI
2.5 Examples of shale succulent karoo (SSK), gravel plains and heuweltjies __ XVII
2.6 Examples of succulent karoo matrix (SKM) XIX
2.7 Examples of sandy succulent karoo (SaSK) . . XX

Xl






























sl

1E:1

4

SEl /1

ral


















18 val

rn

12

or ier
a  wel
1g
141
me






=C

™"

ke

ey

re

1D

1e1

s

I

[ =H

151

lerwe

te






bac a' lalle

bl g ccu =nt
- Zn

1Q



:5,

IITe

in

al



Sy

Lo







1d 8 Jst






=8¢

gc

Cc

1g

gl

32)

Cc

al






igel

1dan b rair

T™ yTLE

Cc 7

361






ot di strat fer 2ge tat






tat

m

ral

reg

Bre

i

10

les

Ic

9

a






T

Pe

-3

fere






15 be

el or the rare

LN inL

tlent T= 12

AL I St | LT e
— —







7

ar

=

ar

1a


















FTE

COE

nort

tec












-

FlaTall

By

=







e

art

cej

101






el

Pl:

1es

2-51

te

€ere

rge

. sl

WwWas






Res

ter 1s

ten ini

1€












i

il

irv

B






FLFriL

VeI

2-5¢

m






spec

5

re

ter

vel iies

.

-2 Bt roy

tec iee






R

et

gc

1€1






na: tec

e and

arr

lec 18]

ECipgc

= | to






1sc






art






1o

A1

am

-

ant

™

ani

iTe

red T






yun laa













17

be e

si




mi sec

arn

all



=70






1ler Ct 39! et LO¢ e\ ReE

lec












L

ar






[ o






all






er re,












Jer

far iro: 1ier

igr car s1 ven ta sets.


















and

LITYE






alt tuc

I

ge



















3LIC

1a

te:






is tes el

lay, oLLE 1gk

:5
-

1<



Jari

LI

st

1al

ort

ami

. at

ap

1€1

et



1ere

Vel

0

1

and

186)

tac

as

rec






SDeE

ies

ire

tec

HisH

s (St

rer en

ge, h

shru






1€ 5eN

Briv

am

ant



id

18

m

1le

e I

lai
d
M
d fl
e

18



T

CCy

nmn

1Q

cet



s

ic

14e

in

1mc

ims

ia

bl



e

=3

ﬁ_l

T

7



all

tiv

g

e

Ced

e

1el

wcC

g ™

dy an

H e

tie



T

e

loce

aci

R-12:

parti



re

iro 1me

:di

1sl

ent

ibu
m
2n i
T
imi 1b
d



lel

1irc

-gr

101

rarr

e

&



1l

[re

131















1d

=

=d g1 m

1ac

ite

nin an

et

1E€€

Agc

3ol

mayj






(= |

SNVIrc

D+

il

iris

ie

n

1e

15€

the

mine

Vs Z€

arns

for






31

€r

ol

(ec

™



Ine

ite

AF

5L

o5

ab

— —

<ar



























0T












im

cE

tel

1€

fes






S.

381

g1

Ic

15

ler ts

T



Is

rti

ler

nat

i









Si

Sl

19.

lan

me lel

fec

L



=V

&1 in.

e

-m

re

1b



ami




151



tal let

ATW

et

s

ies






rec

art

Fses

rest gar

e

1.






28

in

e

R- 163

led

tat

ter

alt

anl em:






3. Jut 1er

1gs

mat

tes

an le-s12¢ acl






S5pEC

1z

5S¢

5C€C

wnl

6-167

1e






1€

1air

ist

6-169

is

e

e

ec












AR-172






Lot

=ni

Agr

128

(2¢


















Fhe :nc aul *e1

Ig s, al ac ted.



S€

oule

ZE1

an

la

e

IEE

ng

e

re



Bl

b,

jest

31IT

BB |






ree

LTEn

T

DC

=ni

79)



=1

etr

lea

ler

1at

1C1

tec

Aure

fic

zat

ies

;01

AL CC sty

11l



1d1

s

3Dc

81 CCu

in

irme

das

e

e

is

ibc

1© s0i

ial






Js.

AT

lss‘.

1d

5]

2cC

1at

le

\pe

umeu lat

n

=1






Jet

igc

15

Isc

fro:

28€

25

VeI






st e er

1€1

i

102

mn






1€ jec ve 1g m
tatic  er 1st ree

=5






rest

™

1g

11 an

1€

P

ge

1be

1ge













































.

Jer

4|

-al





