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ABBTRACT

Catchment IX at Cattedra) Pesk 1n Natal has teen protected from
Tiis xince the 1080s. In irbasﬁ ‘1ts vegetation changes were ttuxited,
prisarily by resurveying Granger’s 1973 belv trensects and woody
plots. '

. Ip 1973 the sain species and plant rommunity gradient way from
stream zreas to ridge-tops. Detsendsa Corrsspondencs Analysis of joint
1873~-1908 data showed that ovarsa!l, compositional shifts in € X wers

1 Consunities on shellow sotl and contatning brecken wors thn
wost dramic, DUt successicn.was senerally not uni-di-actional #a
I aress of similar composicirn. Some incividuel apecres Shenged
' consistently, with L.sarfces increasing most in f'nmihn;.y and
T.triandra mcmsing most, but many changes {aa Pteridiu aquﬂfmn)
varied with Tocality. -

Pnﬂfppfl svansii stends had spraac in extent, but thinnhed out,
with oidar stands facilitating L.urfcu Bird-disporasd woody species
ostab!‘ls_,_.m near suitsble parch trees, bul thetr :W;?_t;t, SUCaNn

. Jiffered under differant canopy species. Evidence supgests that most
commuttities tn C IX will aveniually convarge to forest,
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ABBSTRACT o
Catchmant IX at Cethadral Peak in Natal has besn protectad from
“re since the 195¢¢. In 1968, ita vegetation changets wers studied,
primartly by resurveying Granger’'s 1973 helt transects amt woody

plots, -

In 1973 the matn species and plant community gradient was from .
straam arsas to ridge-tops. Detranded Correspondence Analysis of joint
1073~1985 date showed thet .veral}, compocitions) shifts tn C IX were

‘ame)). Communicies on shellow sot1) and containing bracken wers the

most dynamic, hut succassion was gonerally not uni-directional in
arees of similar composition. Sowe incividual species changed
consist ., with £.sericea increastng wost 1n frequency and

T, triandra docrouinq most, but mans changes (a3 Pteridium squilsnum)
varied with Igeality. i

" Philipp1a evansii stands had spread in extent, but thinneu t,”
with o'lder stands facititating L.sericss. Mrd-dimrm woody 'spociu
uubaishod npar suitub!u perch tLress, but thair subsequent success
differed under different ctmpv spacies. Evidence supgmsts thaet mt
commuriities in C IA wh! lvmtuany cohverge to forest. )
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CHAPTER 1 §
INTRODUCT TON

e

;.i
1.% OVERALL OBJECTIVES

The ovaiai? objectives of this study were 0
- determine tha nature and extent of vegetation changes in catchment
IX (Cathedrs! Pesk) from 1973 to 1488, and ’
- determine patie-ns of xwoody plant recruitsen®, growth asg morteitty
after withdrzwal of fite in the catcheent. |

1.2 BACKGROUND 10 THE STUDY

in the 19508, the protaction rom fire of catchment 1A (C IX) st
Cathedrel Pegk in the Natal Drakenshery was instistad. € IX wae
situsted 1n & region of catchantz winse vegetation was infiuesced by
n fraquent fire regime. This protectinm of € IX ailowed vegetation
changes tc occur, and provided the opporturity to docurunt and examine
the changes. Studiss in the srea wers donw i1 1953 by Killick (1983);
and around 1973, S‘Frmmr {1978) surveyad parmsnent transects in the
catchment. The: . 1i:rcwidcal the besis for part of this study. From 1950
up. to 1985, occastonal burns occurrad in € IX, Lut by 31988 it had basn

totaliy free 0. fire for st least 15 years.

Reasarch catchmant areas nf the Cathedral Pask arss are mananed
by the Forestry Ressarch briuch of the Department of Environment
Afaire, tieir goals being 17 the preduction of high quality weter sod
praservation F the soil mantle; 2} the saintenance of faunal and
floratl soecles diversity within comsunities; wd 3) the prevention of
accaleratend axtinction of any componunt specias {Bainbridge and Scott,
19%1}. Research 1s dirscted toward datermining the effasts of
management actions or the hydrology anc vegetation of the catchments.

Firs is the chiey managament tool, but the long term sffacts of
different burning rogimes on the vegatation are not wel undarstood,
Firs has of cotirse long been a dom nant influsnce on the vegetation,
Before man, .ping and swemer 1lighining Tires would have crested a
burning regime of varying sx¥enl apd regulsrity (Manry 1983), uniike
the extsnsive, rev ’ar rogime currently imposed.

* Mote: Administradon of this sres chanped (o the Natel Parks Bosrd after writsup.
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The qreatest affacts of this burning have been to maintain
grassiand over most of the ragion, with forssts and wocdy plants being
rastricted to altitudes beiow 18002 asl, or to isolated protscted
valleys or racky outcrops. Givan the witharawal of fire from these
catctwents, the extent and type of vegetation which would result 1is
opeT to question.

1.3. APPROACH
£.3.1. CHAVIER A "

In meeting the overall study sbjectives, a number of different
aime were s&bt up, sach presanted i csparate chaptars. The fi_t_'st: aim
was 10 uze Grenger’s gata to provide an overview of the “basaline"
vegatation of 1973 (Chapter 2). Granger’s 1976 tnesis did nol provide
this informé.‘ _,_;ﬁ in an es3iiy digestible form. The second aim wes to
dascribe the actual vegetation changes xlong the trausscts since (973
{chapter 3). The third 2im was to investigate (n more detail tha
pattsrns of recruitment, growth and morta’ity among “pionesr” woody
planis such as Lsucosidea sericea and Philippia savansii. and amo ng
“later” suc.essicnai {forest precursar and forsst) woody speciss
{chapter 4). Tha final chapter aimed to summerize ths gsneral featurss
of successio~ in C IX and examine tha exient to which the obssrved
pacterns of change foliowed thuse predicted from various successional
theories.

Finally 1t shtuld be noted that this study was mainly: at the
descriptive lavel, which does not provide detaiied insight into the
mechanisms of zuccessional changs (Finagen 1924). Instead, it was
hoped that by sxamining the patterns of change, hypothvses about the
1iketly underlying processes could be put Torward.

1.3.2. CRANGER®S 1973 BASELINE SURVEY

“Granger’s sampling design of 1973 formed the basis o/ much of
this study — essentialiy a rasurvev of ¢ IN. Granger surveysd the
catchment hy plscing a rumber of im wide transacts across it (ses Fig
1.3), and racorded tha nreserce of species in im quadrats placed
contiinuously or alternately along them. Unfortunately mist Lransects
werg not clearly marked in thes field, due to Tsw merher poles baing
placed along them or poles having vaafuhed 1n the intervaning period.



In this scikly only pari of transect { could he found, and the First
stretch of transect 4 was probably not located in the seme place as in
1973.

Granger used Normal Association Analysis, separately on each of
the transects, to identify the plant communitiss through which the
transacts pasawd. The result was that the communitisa defined 1k one
transact bore no dirsct relationship to thoses in another.

He aiso placed 25m? woody plots at some places along thw
transects, and recorded tha speciss, height and basal diameter of
woody plants in them, Thesa plots wera not permanent iy marked, but -
{for most) descriptions af their locations wers nrovided in bhis
thesis,

~ Granger usaed maps of the catchment solls, radiation Tevels and
topdgraphy ta intsrpret his findings. ATthough he studied speciasin
reiation tn s0il type at soil sampling points using Principle
Components Analysis, he it nct formaily reiste the specis
distribution ailong the transect to soils, radiation or topography.

Some inconsistencias wers found in the 1973 dalia set when
ralating Granger’s descriptions of comunities io his raw data, and
his gortrayal of community positionz to the contow" map and the field
situation. fach inconsistency was dealt with ana msntionad whare
hacessary it the Saxt,

. $.3.3. THE 1988 RISURVEY

In this study, the transects wera resurveysd at a reduced
sampling 1ntensity dues to time constraints. The original ain was €0
achieve 1/2, or »t Geast 1/3, the 1973 intansity (see appsndix i.1).
The final sampiing intensities varisd from this bacauss of field
conditions, and endad up at overall 41% of Granger’s,

Those woody piots that could be relocated were re-measured,
Bacausas mast sactions of the tiinsects, and ai! plots were not
parmanently marked, thwir ralocation over ths thickened vagotation was
not alvays very acourate. Additional woody plots were set up in some
arsas of C IX, representing & greater range of woody stand ages.

:
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Froblems occurred with species identifications in this re-curvey.

Many forb and sedge spocies in the seedling and immsture stagas w ers
difficult to identify, and conssquently did not form part of the
quantitative analyses. A 11st of speciss 1dantified n 198' fn each
communfty along the transects is given in appendix 1.2. The namcs
obtained from the Botanical Ressarch Instituts for sedges in this
study, are not simiisr to those given by Granger. Koelarfa cristata J
and Fastuca ceprips could not bs distinquishd in 1988, appearing to
grade into sach other rorphoiogically und being without flowsrs), )
Thess ware anklysed together ss F.caprins, Granger did not record
Oihetaropogon ampleciens in € IX. It is possibis that his Andrupogon
fhirensfs was this spacist.

V. .4 STIDY AREA
Noda 1, GEOLORY XS CLINATE

The mountains of the Cathedrat Pesk a*wa were formed from .
Drakensbery basaitic javas undsrliaid by Karoo sardston: . and shalss.
Prolonged rivar valley incisfon snd acarp srosion aculpturad the
blnfu: sscarpment of the High Berg (2000m asl) and tha >asalt-capped

- sendaione terrices of the L'Iti;lo Berg (£ing 1972). The Litila Berg

forms many first and second order drainage basins, one of which is
catchment 1/ (see Tig. 1.4)..

Rainfall occurs in sunmer and varies with altitude, from an

dnnual sverage of 1200em at 120Cm asl to 2000mm at 2504w asi. Summit

ratrfell is NOMi‘annm. Snow falls nccas‘lm&\\y on the Little Borgk_
during uinur. For 1 fuli description of the Little Barg ¢limate and
c.onditinns in ¢ I%, see Everson (1185) and aranspr {1078}
ranpectivatly. o

b



V.4.2, ONRITIERISTICS OF EQETATION 1N T8E C IX 4REA

Kitlick {1963} identified thran vegetation belts (climax
conmunitivs) in the Cathedral Pesk ares. These wers situated alony the
aititude gradiant, but subject to the modifying influences of Incal
s0i1 tyce, moisture status and fire regime. The vegetation belts were:

1. the Montane belt. ~ Podocarous fatifclius forest, 1280-181%m
asl, generally 1ving below the sandstone ¢} 3,

Z. the Sub~alpine balt - Passerina~-Philippia-Widuringtonia
fynbos, 1830-2865m asl, Jacompassing the bam!t.-capp_od terraces and
catchment 1X, o

3. the Alpine belt ~ Frica~-Halichrysum heath, 28¢5-3350m asl,

tncluding the basait scarp.
cahtcmm IX Tiex between 1800 and 2000m as: and contains four
domiran* vogataticn types: laucosidea sericea scrubland, Philispia
svansit shrubland, Piecidiue aquilinum (hracken) veld, Themeda
trianuex grasaland and Proiss savawnis. Froa observations, Killick had
propossd A geceral ssguances of community changs after withdrawatl of *
fire in the Sub-aipine areas 1ike ¢ IX which ended in Passarins- o
Phitippia-Kiddrington:a fynbos or L.sericea-Buddleia saiviifolia scrub
in moist sites (ses appendix 1.3). He considered the soil
characteristics and harshec ¢limate at this altitude to be hostils to
the davalop=ent, of Podocarous latifolius forest which usially
pradominated at iower altitudes (below the sandstone cliffs in the
ares). A successional scheme was also developed by Giranger,
incorporating many of Killick’s ideas but ajlowing for the possible
devélopment of forest, or more likely [.sericea~scrub forest (see

appendix 3.2.3),

The actual vegetation chenges cccurring in € IX would depend on
the propartiss of the constituant spacies. Spucies responses to fire
and 1ts withdrawal are relsvant to the intarpretation of successional
shanges in © 1X, and some studius on ths zubject hiave bean made (Smith
1982, Evarson 1379 and Everson, Everson and Tainton 1984):



Woody smin

wmith (1982) found that four cosmon shrub species, L.sericea,
B.salviifolia, Widdringtonia nodifiors and P.evansii, were adversely
affected by fire. However, By one yasr of sge, the first thres were
able to rc-aprout after fire. .ounm was more sensitive to being
burned, but uas abls to parsist at & 3ite by seed garmination unicn
was shhanced by Fire. Provided fire was less frequent than the time
P.evansii took to react meturity, or the other spscies to recover by
re-sprouting, these shrubs could remsin in an arew. In the absance of
fire thair populations could incraase, Ve

_ t.sericaa, F.evansi: and 3.salviifolis sre wind dispsrsed speacies

which parsist in motat siics even in frequently burned areas. They may
be expected to iavade areas ahead of bird dispersed species, and can
be regardect &8 pichesr woody apeciss. Such sstablished wind dispersed
species ay act as foct for the arrival of bird disperzed specus in
wi Ares, rnu'lting in pltchas of ! E‘qtation different in structure and
composition to thw surrounding ngufation (NcDonnell and Stiles 1983),
This procass (3 allad nuclearion (Yarrarton and worrison 1974).

Harbaceuus npecivs \ 3

The response of herbacecus species to Tire depends on its ssason
and frequency: Summer burns and no fire for some sessons cause a
dacreass in graases such as Themeds triandra, Trachypogon spicatus and
Hetervpogon contortus, whila Tristachya leucothrix, Harpechloa falx,
Alloteropsis semiajata and Rendlia altera incresse {Scotcher and
Clarks 1981).

Tha response of these grasses to abeahce of Tire may be caused
dimtiy,l for sxanple uhor"a T.triandra shows raduced secondary
tillering 1% not burnsd (Ever:m, Evarson and Tainton 1984}. Thay mey
als0 be an indirect responss to aitered conditions aftsr withdi-anl of
Tire, for exumpia chenges in sofl nutrfent avaitability or moi:ture;
sh&&insgu from psrsistent moribund grass tissus, or a chs -1 i1 the
ralative compstitive abilicy of 8 species whose neic'hr ing spucies
are declining in response to abssnce of fire. The irjusnces on grass
a’i*owt'h ano mortality of fluctuating weather appe- to be smail
(Everson 1985},



Oi:hnr herbaceoyz species include bracken - ‘teridium aqui’inum);
sany vernsl aspect forbs vhoss 1ifa~histor ¢ seem gesrad to flower
after spring fires; autuen flowering forbs =nd some semi woody
'fynboa-associated’ species (Xtilick ius3) . P.aqu?]inum occurs on
deep, moist 30!1s (Kil'1ck 1963} acda . fira resistant, having
underground rhizomes. t can irvede grassland in the abasnce of fire.
Evarson and Breen (1983) found soms evidenca that P.aquyiimm reducsd
the growth of 2. evansii and restricted iis invasion of nracken veld.

1.4. LITERATURE REVIEW : THEORIES OF PLANT SUCCESGION

1"

After a disturpance {such ss fire), several plant populations way
progressivaly come to dominate & site. This directional rhange with
tima of spaciss composition and/nr vegetation physiognomy at u site
(where climata remains efféciively constent), is called succession
(Finegan 1384). The und.f“ix}ng gimilaritiss of successional pattsrns
ih-.\nnv parts of the warld hase l¢d to a search for the underiying
machanisms controlling it. Two main but sesmingiy conflicting thecries
have beei: proposed to explain succeasion.

The first theary is that the spacies snd growth form changes that
occur during succession are a resuit of influetices which the
vegetation progressively devalops ovar site conditions (Odum 1989).
This s & holistic viewpoint, smbadied in Clement’s (1916) theory that
when plant specias sstablish themsslvas at a site, they alier site
conditions which then favour the estsplisiment of other species. The
succassive osccupation of a site by different spacies, resulting from
plants' inflvences which aiter the local enviromwent, are termed reiay
floristics (Egler 1954]_and autojanesis _ (Finsgan 1984),

The second, reductionist 'thaury. is that succession is merely the
ssguential dominance at & site of specien with differant 1ife
histories, growth forms and sizes at maturity {(eg Gleason 1917, Grime
1673, Eglar 1954). Autogenic changes are sesn as inhikiting |
sucression, not facilitating change.

Arguments against the holistic theory stem partly f rom £5ler’s
(1954) ohsarvatior that {in contiast to succeasivs oe:t}upntiml the
fnittal floristic composition of a. ®1te waz Important m dot.eminsng
the d'tection of vagetation changes, and that these cthou could be



“highlightsd the non-uniformity of the succesaione! process, and

1

- viewsd purely as the result of the presance of s~ecies with different

heights at meturity. It was also thought that the hofiatic view
implinsd a precictable sequenice ending in & stable “ciimex™ vegetation,
maximaliy adapted to the pruvailing climats. Much avatisble svidence
[
shifting mcaris and cyclical nsture of chenges occurcing 'a so-called
stable climax vagetattor. |

The ex’‘rtence of these siternative pathways and cyc!{ic phenamena
are not sccounted for by holigtic theory. However, ond of 1ts most
tmportent features has been saccepted in current thinking on
succassion: The influences that plants hsva on :heir neighbour’s
ehvirorment is ssen as !nteracting with the spacies’ life~history
properties to determing sucsession (Watt 1947, Woods and ihittaker
1981}, For exempls, Drury and Nisdbet (1973) recopnised that most of
the phenomena of succession cAn bs understood s 8 consaquance of the
growth, differential survival, and ptrhupa aiso the atfferent
colonfzing abilities of spaciss adaplied té grout.h st different
points on an unvimmntai geriunt‘., which varies
fautoganicaﬂ;") over uive.

. Connell and Slatyer (1971) hs ‘mwodeled succassion st the

. wit&-lwﬂ using the interacticns hetween plants' influsncas on
_ tl-_n'lr snvironment and t.hn1r Tife~hisinry propertiss. They proposad

threa interactions which Tesd to succesiion] change {Picketi ot «f

1987}, In a1l tkrae "machanisms”, the inféial =iages of succassion ars

doatnoted by species with coplous propagules, good powels of sesd
disparail, aﬁfa the abitity tu;-;pstabﬁ_ah and grow quickly te maturity
in unoccupled sites. They md'ify the sits to make it unsuitadle Tor

further recruitment of “esrly’ srscies. After this, the machantsm of

chanaa var ins:

In the Facﬂitaﬁm mdm, ur1y spacies alsa nodify thl
snvironmant meking it suitahla for other “latei” speciss to invade and
grow to mtunty. These in turn fecilitste the 1nva:'lon of yst other
spegian,

| (U .
G I the Tale, icn lrmh “rHtr s:nlciaa do not lffnct the rate of
r.cm’ ‘nnt or htor spei jes, Hh!ch sre simply those with iess rnpid

<
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) i.onditmns. herbivoras and pathogens.

dispersal or slowsr growth. Only thoss species tolara.t of the ¢

incrsasing environmental stress ceused by other nlants’ presence, wili )

grow. Thase speacies ca grow at Tower lsvels of revvurce avaiilability
than sariter ones, and 20 persist tc form the ne . atage in succession
(81thoush sny sffects of competition loweriny . s growth rates of
“tolsrant” species apparently nullifiss tnis mocel). Muny (a9 ©'nugan
1984, Muston end Smith 1987} criticize pure r~ erance as an far
unrsasonable mechanism, and ~ather view it as & special reaction to
compstition. Tolerance implies that turnover is realiy tne cutcoms of
plart/pliant influences on differances tn species’ iife-history
charactaristics ‘and natterns of resn rce yse, with esr ey spncjn
being less affective compatitors. )

in the Inhibition m;iel. uartier spacias inhibit the invasion ant
grovtk of later spacies. Only those able to parsist in the presence .f
sariier specins (a8 se9d or suppressad sinul ings) will form the nsxt
ataao in succession, when the aariiar species dis. Since sariier
species ars shorter-iived, tho:r will gradusily bs rep?acod by longer

_'" ivod specias.

\

The thrae gpdﬂ: diffar in the cause of datth of the earliar

" cotonists: In faciiitation and tolersnce models, L. ~ ara kilied by

cmpotidon with later speciss, whils in fnhibition they are ki jed by
old ash. or outside 1nflmm such as ax*-ume dnvimmntﬂ

Evidence of thess modals doss akist, but as Finsgen (1984)
sephasized, sl three mev affect the same individuasl successively o
simuite sousily during its 1ife. For example the humus condit ions under
a capopy trae may facilitaty a seedling’ s oslablishmant, but the 1ow
1tght conditiona may trhibil fts qrwth Any ons mchomm cannot
solsly sxplain the change from one succoaaioml' atage to the next.

Noble and Slatyer (1080} adopted an approsch o model
su-..\.nﬂoml sequences whish focusas +  the outcoms of species’
pr;)potf'iil, and is les. oxplicit about pravt interictions. Ty
approach mu \Tes & know!edge of the "vital attribites® of spactes: A
succensional seouence is sxplainad in the model by the relative

A

O
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&) abilities oY the apeciss tv arvive or porsist &t & site after
a diaturtence such &1 Firo,

B) sbilities of the species to establish and/or grow to maturity
after the disturbancs; and

':—'r
¢) time taken for thes to reach reproductive maturity; for their
propags” .8 to be lost from tha aroa; and the relative 1ife-spans of
the individuals.

== a

The ef "t of intcractfroha such as alleicpathy or shadirg {3 %o
mod-fy anotte: spacies’ vital attributes (Huston and S=ith 1987) - the
sxact intsractiun method nesd not be identified, only 1t s olitcome.

Altarrnstive theories hava concentrated on & rasource sed
approack, praviously only implicit in other ideas. It uses the logical .
presics that species differ in the'ir resource allocation strategies,

“each cne having 1ts costs in terms of physiological and mo:shologicel
tndo—ufu that prevant any speciss from being cptimally adaptas to
1Y copditions” (Huston and Smith, 1987, soe a0 Drury and Htsbet,
1972},

An example 1s from Tl man (1985), who Droposed that a major
trade-off was in allocation to bslow versus above-ground Tunctions:
The zoi] resource/iight rescurcs ratio rspresents a major gradient
along which species have differentiated., and the initial dynamics of
sacondary succession may depend on the "hanging ratios of thess
Timfting resources. Specias adepted fo ma. imizing so:I~rasource
capture ski'ly on in succes«ion, ara raplm.cd by spacies adaptad to
maximizing light capture, as Vight levels deteriorate dvring
gaccansion - the repsiacesant process Lherefore debends &n plants’
(relative) competitive abilities for Timiting resources, wvidernt 1n'
the different forms and gacwetrias of plant organs {eg Horn 1971),

]

[

This sxplanation of succession neglecix many other ssuects of
rescurce-ajiocation trade-offs which obvicusly conatrain a species’
position in a succe lonal dequence. Trads nffs in plant waintenance,
defanse. growth rats. .orage and reproduction {Qrime 1979). alung
with the responsses to temporal psttern of resoirce nvuﬂnbﬂiw (9ricer
1984), a1l act to detcrmirn & species’ ponition 1r= succansior A



_ mnl schese ratlecting species’ ovarall resource aitocation
~ atrategies, and also “he properties of speciea froe urly. middle and

late successional stages, 18 the r and K mtlm

At one extreme, characteristics that eonfor CCess n&(\\aﬂor [}
disturbance has ci~ared a sity, are high ratee of dispersael} nd\\
copious teed production, fast growth, smcll sizes end short Mfo-m
(r~enloctad), whila those conferring succest ‘ater in succesaion, are
large sizes at maturity and shade tclerance, wvhich sccompany slaw
rates of dispersal, fewsr saeds, slow groxth, and long 1ife spans (K-
selected).

Muston end Smith (1987) concliude that although tre approaches
outiinad adbove describe mady aspects of succassion, they fatl to
reveal the <omplss Tife-higtory traits and ccwpetitive mechanisme

' ‘oparating. They also tend to ntcributt,.,ind’lvidvai aroperties (auch as

height advantages in iignt competition) to the population. Because
succession is a p'iunt-by—n!uﬁt replacesmnt nprocaess, the 1np¢;rtmco of
1ife-history attribotes ara relative and depsnd on the specific
environmentsl conditions resulting from competition with other
individugis, as well as the 1ife-hiatory attributes of the other
irdividuals. An 1n~depth understanding of vegetation chenge »111 unly
come from viewing pfocum ac this level.

f
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CHAPTER 2

PATTERNS OF SPECIES AND
COMMUNITY DISTRIBUTION
IN C ITX I™N 1973

2.1. INTRODUCTION

Ths objectivas of this chapter wers to

$) describs Lhe districution of key species In relalton tc sofl tyoa,
altitudo and sverape annuatl radistinn levels in ¢ Ix

. 2) ionnt ¢ Fy vegetat: "‘“"&( {w m’\pp& of m coxmur it tes with

sinﬂw smiap mnm:“’/ b L 5

S
tf fr "":“; ‘Y. "j

,s o
o4 detatinine trs br,x'i‘!t’f'iaﬂ ® Lo raduced saat fing intenaity of
comunity {site} ored.ctect A58 1 SpEcies Ipace.
q Y
. The transect data froa 197% provided » bassline egainst which to
visw vegetation changes in £ IX. Y¥hers Grf__pngor’t thesis did not give

adequata ar easily summarized Jescriptiony of the 1873 vagetation, . /

aspacts of these bassline dava rv\-'dpd additionai sna7isfs to halp in
{dentifying and undermanding the pltterns uf subso};/ 'L sagetation
change. Three aspects of the 1975 dats were 1nwisyﬁga ted 1n this

Ch‘p‘t‘.f . Y . , /

b ; ﬁ
,2.1.8) Species gistributions in ra1utaon to ¢
envi mnmntnl factors | /£

Gt anger usad no formal lta*istfcal techniquas tq umim the
distribution of species or communities occurring nlong t.ho transects
in relstion to underiing environmental featurss, He did, howavar.
provige information on the cotshuent soils, altituds and radiation
ievelis, The relaticnships betwesn these shvironmental factor comp lexes

in catchment C IX, and specias distributions sjong the transects, wers

5

| fj

therafors obisctively Jdascribed here, using Binar; Discriminant
Analysis (Strahlar 1378},

i
) - [&]
a il . - -
) : i
- o
" . ;

i
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This analysis helped to interpret the baseline dist: ibution of
spocies and of plant communities identified by Granger (using Normel
Associstion analysis), and to intarpret ths subsequent vegetation
changes 1t C IX (in chapter 3). Soil, altitude and radiation ievels
were used becsuse each ;eflscts in some « 1y the sotl moirturs gradient It
in the catciment - a feature most likely to be the primary deterwminant /)
of species compoaition {eg Dix & Smains 1987, Kiltlick 1964). /

Because overall distribut if;n patterns ware being sought,
scattered, infraquent speciss which were uniikely to contribute to the
thesa pattarna, were not included in this snalysis. the chotce of key
species included.thuse of >20% fraquency in any transect, but aise .
those which Grasger had found to characterize diffe; ant areas of (\

iumtartm. s& .pposed to those (such as w2y foros) which occurred at

& Tow froqunncy chroughout most of & IX, 3

2.1.b) Similaritios in species composition betwsen 1973
plant comwunitieg Lo

The sscord aspect of the 1973 data invatisatod, wag the
similarities between the NAA <ommutities from difﬂlrﬁnt transects. LA
q_;uphimd in chaptec 1, communitiez had peen {dentified sepaiataly tn
sach transwct, and coemuriicies from ohe tre~tect bore no Atrect
;*olntions{;ip to thoss i anoihar (Qranger 1916) - it wes not the task
of this :iudy to vo—~do Granger’s ciassification, sspecialiy as the
cuuunit;n were in most Cuses quits Justivied), Cowmunity
similarities, determined using Detrs rrespondencs Anﬂv:is
{DCA}, flem usad to ideotify broader va f" tion typas fir use in
chapter 3. Chapler 2 Tooked at the pattjree of vagetation change at a
veristy of rcnles, ranging from thoas /in individual communities, to
those in vnsm.ation types. to patterns in the cailchment es a whole. /"' |
0CA also'aveslsd the main grudiants/in spacias and community '
d'lltt‘,\:lbuti:m which could be interpre’ -4 ades ot walion from the "
Binary 'Hacrinimnt. Analyets, and : ovided an ecologica) basis for
‘dantifying thl petterng of viont.:/ fon change 1n C IX, Again this

luding otheras which were freguent
snough 1n soms "communities” to pirmit Chi-squared or squivalent
testing for changes 1n species frequarcy from 1973 to 16R8.
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2.1.¢) Variation in t.hi OCA score of communities wich
reduced sampling intensities

The third aspect of the 1973 dats tnvestigsted was the effect of
vartations due to a reduced sampling intensity: The 1988 resurvey of ¢
IX used an averapge of 41X of the 1973 sampling tntsnsity. Becauss DCA
vas sed in the following chapter to determine succassionsl trends, it
was necessary to nt.iuio the samaiing vartation in tha DCA scores of
communities. Thess estimates provided ¢ busia for identifying -
significant differences in the ordina’ion scores, and therefore in the
species compositions of cowwnities  at different Limes after
withdrawal of firs (1.s. in 1873 and 1988).

2.2. METHODS

2.2.1 LISTRABTIONS OF XEV SPECIES In RELATION TO CATCHMENT SOIL TYPES, AULTITUBE AND AkiGA:
RABIATION LEWILS 'k Y973

linn?y Liscriminant Analysis (BDA, Strahler 1978) was used to
describe specivs envirorhent relationshins in the 1973 deta, This
technigus usus prssence-abaencs data and Factor Analysis (FA), or
Principle Comporents Analysis, to identify the major trends of
variation in Zpscies composition between environmental groups (sg
differsn. 30t} types), and to identify yroups of species with similar
pat:terns ,;gf presance-sbsence response to the snvironmental groups. DA
tnvuived & number of steps, givan in appandix 2.2.1 and outlinad
below. .

G

Using Granger's maps, the transects (excluding TA and T1, for
which full data were not dvailabie at the time of the BDA analysis)
ware divided into ssctions according Lo the above snvircrmental qroups.
(qudra!: groupings are givan in appendix 2.2.2})., Thras dats sats
resulted, one for sach snvironmental parametsr, Species fraquencies 1n
each group of an snvironmsntal paramster vors datermined, and )
convarted into standariized residuals. Factor Analysis was sonducted
on the matrix of standardized ruiﬁuﬂs for aach plrmtlr. -mode A
dizcriminatad batween groups of an .nvirmmnta'i parsmetsr on the
basis of -vogttat.ion travis, snd R-mode FA with varimax rotation
discriminated betwsen groups of specien with similar distributionnl
responses to the parametsr,

&

i



The snvironmantal paresstera (groups) usad hore (sotl, altitude .
and rediation) were intérrslated, in that soil type and radietion
often varied with t.oposrmy‘}md aititude. No attumpt was sede tO
statistically determine their unique effects on the vegetation, but
this was kept in mind during interpretation of the results. Because
sost levels of the snvironmental groups were replicatwd at different
positiona in € IX whete Gthar environaental features aleo differed,
soms variadi1ity could be exg-cted in the specfes composition of Lhess
replicats sites. This 1n turn could result in variabiiity in the BOA
factor pattern obtained with dif- erent sampiing of the replicate
aites. Aspecis of this variation tn factor pattsrn were investigated:

Yariabilicy im the factor puttars of replicete aites for radiativd and aititede

Gotfryd and Hansell (19853 found thet observer error (reflectad
as differencas in rnpli'catu {iald ssasursments in one site} resulted
in stgnificantly different vartable weighia being obtained on PCA
axes, when replicates were analysed mrutﬂy. In the sess way,
because sach section of Granger®s Lransects cn one group of
environmental prraseter was considerad ss a repiicate for thax group,
it was necassary to asses the variability of the factur patterns
sbtained with BOA.

An indicstion of overall vartabilfty was obtained by sub—saspling
21l levels of an enviromental parameter {radiation); and in sddition,
the variation in the factor patterns of individudl species was
estimetad by, haiding othar spaciss constant and sub-samgling thras
‘test” spacies only (Themeda triandra, Alloteropsis semialats snd
Praridivm aquiiinue) using the altitude data. "

Time Timitations did not permit the igvar'iabﬂity in so1} patterns
to ba tested, but tha principles derived 'rfm the other tests could be
applisd to interprast the resuliing patterns.

O

Sub-sompling T

) Two rancomly chosen mtfonsﬁ sach radistion level ware
omitted {by oi‘doﬂ;,ing the sections in a leval and omitting those
~corrasponding to two rendom numbers). Levels 1 and i;_.y:n represantad -
by one ssction only, and no dats were omitted from them. Date for the

16
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thres test species fraom randomly chosen replicate sections wers
omitted from the altitude data set. Altitudes t, 2, 13, 14 and 1§ wore
rapresented on one site only, thersfore no replicatas could be omitted
from them. The data sets that rasulted after nmitting replicste
sactions of transects were as foliows:

RADIATION HUMRER NUMBER

LEVEL OF . QUADRATS OF QUADRATS
ONITTED INCLUDED
o )

- ¢ 80

2: 7 228
3: 34 319
4: ) 44 il 1]
§: 102 . 785
8: ¢ 1
ALTITUOE

) .

3 ¢ 12 _ 148
4: - 4 154.
$: 194 £3

§: 14 105
T: 80 __ 117

: guo 3¢0
$: 108 133
10 |58 <, 96
11 n 80
12: 22 _ 47

2.2.2. BINIUMITIES IN SPECIES COMOSITION BETHEES 1973 NAA  COMMNTTIES

Datrande! Correspondenc: Analysis (rit1} and Cauch, 1£30) was used

in chapter 3 Lc examine the trends of vegetation change in C IX
{Austin 1917), so -1t was used hers to identify sinilnritins hotmn
NAA communitias Trom differsnt transects for um in chapter ? NAA
communities had to be modified aiightly to eliminate comunities with
too fauw qundrtte for statistical anal_ iis. Thess were essigned to
sdjacent communities with the most sinitlar specics composition,
detesrmired from Grangsr (1985). The medifind communities ars given in
appendix 2.2.3. For selected species (see below) the fregquency data
for aach community was srcaine transformed for DOA ant!ysio Althaugh
the sampls s1ze8, and thersforw, the variances, were not squal in all
comeunities, the data ware considersd adequate an use in DCA, which

i}

- 1\ ;

i
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i

2
i

_uses chi-squared distances (Mi11 19793 and not sum-of ~SQUaTes OF any

form of analysis of variance

The sslected species for this saction ware ‘key’ species pius

_ several less f;oqucnt ones. Theas ware onas of sufficient tTrequency in

some communities for use 1n chi-squared or Fisher’s exact probsbiltty
testing for dif;oma in species fraquency at different times after
withdrawal of fire. Senecio dregeanus and Trachypogon spicatus ware ”
left out, because the UCA duwrnweighted. them strongly (HI1] and Gasuch
1982). : :

‘Groups of comminicies g{ﬂth similar spacies compositions were
1dentifted from the community ccores on the Firat two OCA axes. The
critarion used to identify group mesbers, was that sny two member
comsunitiass should not be mors then half a standsrd deviation (ie 50
units on each DCA axis, or spproximately ona quartar of a specias
turrover, (Geuch 1482) from each othar. This critarion ensursd that
the vegetation groups would not have too faw members for statisiical
anslysis in Chapter 3, but would stil] represant. types with distinct
spacias compositions. The reziiting vegetation groups would aiso
raflsct the effacts of tha main environmental features yoverning
gradionts in spacias distribution,

2.2.3. YARRTION JM ORDINATION AXIS SCORES DUE 70 SAMPLIRG

1
i

Tha varistion in DCA site (conmunity} axis scurez darived from
Towsr sampling, intensitisx were determined so that stgnificant
differances batwean the community scores ov 1973 and thoss of 1988
could be dentified. To do this, repitcuin 0CA suores from §

communitiss in 1973 wors usad in a ons-wsy AN VA to calculate the

standard Error of auch scores (for axis | wij 2 separately}, and then
to d'rivn the Least Significant Differsnce :Rnymr 1987} betwesn
community scores on an adis.

< In transsct 3, quadrats from five randomly chosen communities
(3.8, T3.9, Ti. 14, T3,15 and T3.18) wars ayatesatically sub-semplec

thres times. Thit produced four sets of frequency date (3 subseis and

thoﬁ full sat, arcsina

-
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transformed) to provide repiicate OCA scorss for the ANOVA.

2.3. RESULTS

2.3.1. DISTRINTIONS OF XEY SMCCIES I WELATION 10 CtICItIE!I SOIL TYBES, ACTITUDE AMD ANNYA(
KAGIATION LEVELS.

2.3.1.1 Species distributions on soil ﬁym

Duﬂhn Q-mode PCA (see tabls 2.3.1.1), specian responses to the
eight soil types presant. in € X distinguished six "groups” of soils
from four factors (ratained i the i!no‘lm criterion > 0.5,
Stattstical Analysis Ssstem, Helwig and Counctl ?ﬁn).

Table 2,3.1.1, 8DA factor loadings of 301l types on four factors,
mtins in total for 88.9% of the uristian > the SR utru.

b L

S0IL TYPE FACTOR 1 FACTOR 2 FACTOR 3 ucfm 4 GROUP
Hutton Wets .94T9 L0676 -.0183 -, 0885 1
Katspruit 9310 - 0479 L0411 -2 1

Hatton ~I718 - 0782 L2147 A3 2
Griffin Shatlow - . ~-,7234 .2693 - &477 - 138 2
.Griffin Dewp © L2130 ¢ ,8608 -, 2486 231

Mispah ‘ -.4329  -,7281,. 3768 -.2091 4
Cloveliy Shaliow -  ~.0398 L1331 8082  ~.3143 1§
Clcvelly Deap 3265 -.5018 L1011 L6412 8, {4)
EIGEN VALUE 3.3911 1,169 11125 ~.8928 :

% varistion - 42.3¢ 21.468 13.91 ' 10 f
expiained _ - v

A oot s iy o Y Sy g - F

The n;t sails _l;lutton wetr phase and Katspruit. wars vary similar
in species composition, and wers most dissimilar to the intermediate
sotls Hutton and Griffin shailow phasa {factor 1),

- ek L - o —

¥ QGranger (19:8) nft.on used the term Hutton form, Farningham series,
hydromorphic phase for this soﬂ, which is & misnomer. This Hutton 1is
fn & footslope position, and is waet, racher than hydromorphic.

R
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N Fig;_;.a‘?-.ﬂ’iz.h!- wpacien and snii~type scarms on sofl factors, Soil

_t% Wat: -uit, HHeHutton suet « § BUnBriféin shallow,
s T M ot “ald) are correlated with factor i) BD=Briéfin Deep, i
: S | L], ¢ ST EOeL, =11y Deap (in noraal typa) aare correiated with '
Fackol 3 wrd the suil CBesClovelly Shaliow {in italics) is o

correinipd with ather factars. 8roups of spscies vith similer
Faaspongek to the wnoil factors are cnclosed in deshed Linex,

© Allnteropsiz senidisin {a5), dvasegen appeaicolater (a0, Merbheya

thapaetica 14r), Chutia mabalnngiz faad, toaneding atvicama (ead,

bielerapagen filifalinx (41, Saverching faie (0}, Reliciryinme

swrte-nitens fhasl, elicsteichn Iurgidulem (hei), Lawcoridns

ser1cen Lish, Siscomthes capnse fnc Pawicen antulisse ipnd, Fealippia
) y

s

wansil fped, Falypin sikimdarfivea (pol, Maridien aumiling iptl,
Roadisa piters vak, Budus dndwigii (rl), Seancin daplascaidas

i1b}, Sanecis drepraaws isd), Seavcin ixelideys (5iF, Bliburns
slvprcareidus {41), Fhvanda triwdra {11, Trechypopmr spicates 11id,
fristechmn Inzcotirir (1),



B

tn R-mode PCA (not shown). These wera

‘The soil Factar 2 aiitinwishod the species composition of
ariffin deep phase potls from that of stony. shallow Mispah soils,
whi's Factor 3 and 4 further distinguish Ciovally shallow from
Clovaily Jeen sotls, -

Li
' Species scores on the first two factors ars shown in fig.
2.3.1.1, indicating spscies prafsrences for the raspective sofl
groups. Groups of spaciss with similar rasponses to so’! were

19

determined from the:r scoras sna their fosdings after varimax rotatiop '

Katspruit (k) and Hutton Wet (HW) soils - Suiygala ohlsndorfiana

{po}, Clutia natalensis (cn), Miscavthas capense (mc), Leucosides

rorfcaa (1s). Hutton (H) and Qriffin shaliow (G8) soils ~ Themeda
triandra (tt) and Tristachya lsucothrix (£1). Qriffin daep (0D) soils
~ Senecic isatideus (s1), Rubus luowigii (ril, Harpechloa falx (hf),
Pteridium aquitinum (pt). Clavelly shallow (£8) soils - faflippia
evansii (pe}, Androgogon appendiculatux {as), Senecic dregeanus (sal.
8riffin shallow, not Clovelly shailow ~ Dikiateropogon filifolius (cF),
Allaoteropsis semisiata (as), Pteridium aquiliz:m (pt). Clovelly desp
{CD) and Mispsh (M) soils ~ Rendlis aitera {re), Trachypcgan spicatus
{"t#{), Biheteropogbn ¥ilitoliug (df), Stiburus alopecuroides (st).

- 2.3.1.2. Species distributyons in relation to a'ititudn"

Four different altitude groups ware distinguizhed by thair
spacins compositions. Although the Fifisen lovals of altitude were
grouped into savan ‘fTastors’ (minaigen criterion > ¢.8), they showed

high correlations {» 0.5) with cniy the first thres factors,

gccounting for 1L91X% of the variance in the 5% matrix of altituda.
Factor 1 showed that the Tow altitudes 1 to 4 wars most cisarly

distingutished from the higher altitudes 10 to i?\ ang factor 2 also

separated altitudes 12 and 13 cisarly from 8 and ¢. Factor 3
reprasentad altitudes 5 v 7 {see table 2.3.1.2).

"
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Figure 2.3.1.7. Hprcies and altitude scores on altitude fectors.
(Altatuds laveis ~ 1, Z, 3 wte - in bold are zeorreiaten with factor 3y
in normal tyoe are corralated with rtor 23 and ip itelics are
tarrelated with cther tactors). Broups of specimes with s:szllr‘rnupnatol
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Table 2.3.1.2. BDA factor loading of aititudes on three factors,

.

ALTITUNE FACTOR 1 FACTOR 2 FACTOR 3 GROUP
1 - 187 L 301 -, 366 1
2 ~,.132 241 -, 348 1
3 -.689 74 - 452 1
. ‘ ";5‘0 1315 ”lnno 1
t0 148 022 Lé%6 2
11 7Y 4 LA25 L0 F
12 Bas 608 -, 008 3
13 Ce as.?? ¢€'31 "".232 3
14 .73 s -,232 2
18 .11 .33¢ T 2
3 197 - B8 - 021 3
g L 494 -.708 - 117 3
s '..‘24 n"‘a .50‘3 4
& '1‘46 -2‘:’: aﬁsg ‘l
7 -, 062 097 BI5 4
ETGENVALUE 5.8194 2.9684 2.0508
% variation

explained . v .48 19.78 . 13.73

[T P - . -

 Species sf wes on the first two a?titude' F:a:tors, and groups of
specing with similar responses tc altitude are given in fig. %.3,1.2.
Theas were:

. Low altitudes - P.aguilinm , C.africena, H.caperse, P.evansit
yP.ohlendortiana, C.astalansis . L.cericsa. Migh altiiudes - M.falx
(hF), T.triandra {tt), T.Jeucoth:ix (L1}, T.splertus (ts), R.altera
(re). Lowsr-mid aYtitudes - A.appwnaiculatus (a2;, H.falx (ht),

20

&.bupTeuroides (sk). Wid altitudes - S.dragsanus (sd), &.rlopscuroides

(st). H.falx (HF}, H.turgfdu?dt (kh), &.1satldeus (81}, Rubus Tudwigii
(rid. Higher-aid altitudas - R.altera (re), D.fitifolius (df),
A.somialate (as), L.soricea {13). |

2.3.1.3 Speties distributions in reiation to rndi;tion

Three different groups of radistion wers distinguished by twe
factors {minsigen criterion, > 1.0} dur’ng PCA. Factor 1 represantad
Tow radiation lavels, R1-R3. Fastor twe repressnted a gradisnt from

[
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ridiation leval 4 to radtatton leve®s 5 and 4 (ase tab's 2.2.1.3),
. although R6 was not highly correlated with this second factor.

S

\,gigh!_g“g,_:;, 1.3. Loadings of radiation on two factors, accounting for

¢8.8% of the variation in *ha SR matrix.

KADIAT ION

FACTOR 1 CACTOR 2 GROUP
R 900 .D0B 1
R3 858 ~,024 i
Ra ~ 48T - 838 2
RS -.333 L7868 ¢ 3
Ré ~. 351 A04 3
EIGENVALUE 2.471% 1.5389
X varfation
axglained _ £1.18 25,85

-—— - -

Speciss scores on the factor azas, and-;roups of speciea with
similar rosponses to radiation. are given in fig., 2.3.1.3. These wore

Low radiation lsvels - P.evansif (ps), V. ludwigii {rl), H.falx
(h7), A.sppendiculatus (aa), T.triancra (tt). Not low radiation levels
- S.alopecurcides (st), $.isatideus (s1), b.a.'ra‘cam {ca), A.semigiata
(as). High radiation levels - R.aiters (rej, A appendiculstus (aa),
T.triandra (tt}, A.seminlata (as), 2130 P.aquilinm (pt), D.f1lifoltus
(df), M.copense (m), snd T.spicatus (i) . Hot-hish radiztion iavels
~ S.dregesnus (sd}, R.ludwigit (r1). H.turgidulus (hh),
8. alopmcuraides (st). \ '

2.3.2. VIABILITY I FACTOR PATIEMNS
Radiation ‘

When some samples ware removad from the rsdiation data, thres
factors ware obtainad. Table 2.3.2.1. shows the varisble loadings and

the difference batwesn these and the loadings found from the full data

zet. A
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Figue2,3.2.1. Spwcims scores on radiation factorscfor the partial
radiatinn data set (Radiation levals - t, 2, ¥ ettt -« in bpld are
vorrelated with factor 13 in norsal tygps are corralated with factor
and in italice are correfated with other fsctorsd). Broups o spscaws
with sistiar responses to radiation levels are snclnsed .o gashe? lines.



Table 2.3.2.1. Varishla Joadings on factors obtainad from the reduced

dats set, and the cd'fferances between them and {hose obtained usinz
the full data sst.

- - e

S FACTOR 1  EACTOR %
EIGEMVALUE ' 2.5884 1. 4360
VARTABLE FACTOR € FACTOR 2 ANGLE

differance difference

" 0,569 ~0.104 0.254 0.203 13.8°
R2 . Q,848 -0.054 0,358 0.354 22,7
-3 0.854 -3, 004 0.034 g.088 3.2
Re U508 0.525 ~0.96¢% «0.133 ¢t .50
R ~0 B iG -3, 483 0,33% ~0.454 44 Bc
RS ~. 389 -0.038 0,.42¢ «0.038 5,10
% variation 43,14 1.95 21.83 ok i
axpis ined

B L ]

RS was no longer correlated with factor 2, but becsme highly
correlated with factor 1. Ré Joat its nugabive correlation with 1. A
third factor rapresasnted a gradiest in species comoosilion from R? to
/8 (losdings on F3 for Rt were -0,539; for RS, 0,838, snd F3's "~
eiganvatue was 1.0077, explaining i6.8% of the matrix variaticil,

Tha factor pattern obtained from Lhe date wes variable. That is,
sited on simitar radiation levels did not always hove vary eimilar
spaciss compositions: other environmentai features wore distorting the
influences of radiation. Speciex which zppasr sensitive to radistion
levals were H. falx, R.ludwigli, P.evansi’, L.serices (lower leveis);
5. isatideus, Senscin bupleuroides, S.alopesiurcidas, #.aurso-niten:
(intermediate); A.samialats, C.africans, R.aitara, N.capsnse,
CD.filifolius. P.aguilinum, T.spicetus (higher ievels).

Speciaes "gmupé cbtained from the ridur:'d dats st ware:
Low_radiation levels - T.irfsndra (L8, f.faix (Bf) S bupieurpides
(sb); als> S.dregeanus (sd), A.appendfculatus (ss), P.evansii
(pe),H.falx (hf} and R. lucwiyf? (r1). High yadiation levals -
C.africany {ca), A.comlaista (as), aiso P.aquiiinum (ot), M.capanse
(), T.spicatus (ts), and 0.F11{foltus (df), P.natelensis (pn} (and
A dpperndfcuistur (2a)). Intermadiste radistion lavels - S.dregesnus
{sd), H.aurso-nitens (han), T.triandra (tt), S.alopecurcides (st),
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showing pasitiaons of test specir-  oessde triandra, Alloteropsis
sesiaiata and Fttridiug aquilinum 1n factor space. :
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S.isatideus (87). C.8 ™ -1cana (ca); and P.evansit, & buplsurnides,
R.altera {(re). (s fig, 2,3.2.1, and the spacies standardizisd
rasidusls for radistion in appendix 2.2.2),

Altitude

The scores of the thras tesh species on the factor pattarn from
the suo—nw}p sad F17 dats set sro given to table 2.3,2.2. e
position of thesa speciss in factor axes space is showr in fig.
2.3.2.2 Daspite the differences In scores, the speciss have retained
thetr ovarail positions relative to the otimr spectas, 3o that the
interpretation of the analysis remaing tha sane. '

Table 2.3.2.2. Scores of 7.triandra, A. swuidi& and P.agui]inwme on

Factors 1, 2 and 3 (Q-mode BOCAY obtained from the jull data swl and
che data ¥mt reduced for there spacits “

[, - - - - RS L I 74 e

DATA" SET | , i

EPECIES SAJTOR 1 FACTOR 2 FACIOR 3
.

T.trisndra ’

FULL 1.2151 -0.4435 . 0.5172

SUBSAMPY.E 1.5948 ~1), 5839 1.5111
A.semintata

FuLL . 0.8188 1.8058  -0.9748

SUBSAMPLE "0.8580 2.3147  ~0.5748
P.aquilinum

FULL ~1.218% ~0.3144  ~1.1734

SUBSANPLE - - ~1.2271  ~-0.2239 0.5832

In R-mode FA, rewoval of saspies From the test spacias resultud
in reverssl of factor 1 (teble 2.3.2.3). Excapt for F.iriandra the
tast spacias had ool substantially altered their refative positions.
Howaver, after varimax rotation to meximize the distinction between
groups of speciss, the tsst FA had more differsnces. The nain gspecies
gradisnt (factor 1) along altitude remained similer, with Tow sttitude
spacies L.sericea. P.avansVi, C.af:icana, C.natalensis,
P.ohlendorfisna, M. capense; and high altitude specins A, sesislatas,
H.aix, T.leucothrix, T,spicatus., T.triandra, D.filifolivs, and
R.altera bacame included 1n this high alvitude group. Féttor ¢ was
substantially diffarent, but groups defined by factors 3, 4 snd 5§ wera

_tha same. A sevanth factor was not retained, and Fanicum mt:?}msis

trensferrad from it, to bacoms asssocfated with factor 4.

Pl
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Table 2,2.2,3, Loadinea cbtained for the tast species on factors [ st
2 (R-mode BOA} using the full dets set and date set reduced for thasa

species. = ) '_:_f'
) DATA SET FACTOR 1 . FACTOR 2 _ ¢
EIOENVFALUE . full . 8.2048 F.007¢ T
., subsample 8.%62 7 8.0 P\ S
-—-} ~ar b . - ..t.":‘ {“ o - \V..'l
CPECIES : : & o
I.triandre w0, ”I“ 5= 0.307 '
sulaample 28 g0.214
. A.semialate ful1 ~ 205 -0.8560
subm!e (T -05 101
#, aqui 1 ioum : full 0.751 0.372 o
subammple 0,287 . U402 '

T g

T(hou changes raflect zho vide range of many spocin} rupmu to
n?tl‘ltum. 8o that sasll a";ongu in species abundances caussd larger
changes 1n speciss ymubw”rhu implicy that the veiimax rotation
group-seeking process cou'd not be reelistically &ppited to thess
speciss distribution patterns. In rYect, as in the cuss of radi&tion,
the best understanding of sﬁocm distributiong could be galmd from
studying the standsrdized restduals of such species, given in upplndix

2.2,1=8
2.3.3 BIRILMITIES 1N SPECIER CMPSITION BEIWEEN 1973 CHONAITIES

The scatter plot of comsunity scores un the first B0 DEA wass
is shown in fig 2.3.3.1, Ten groups of comunitiss, cailed vegetation
groups, were identifisd. The groatest diffarences betxasn the axis
scores of any two ‘Iroup members is shows in teble 2.3.3.1. Wombers of
saven of tha groups differed by not wore than heif-s standard
“deviation. Of the rast, groups 7 and & wers allocated cutiiers,
commuritias 2.3 and 3,16 respectivaly. Group 10 conaisted Of & mixture
of plots with high axis 2 scores, but were morn Varylny in axis 1,
scores. B |

%
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Niscanthus capense was confined to moist sail typss at the lower
altitudes (Xatspruit, Hutton Wet and to some axtant oriffin desp pghase
sotls). It appeared To do well upnder high radiation leve:is, although
it was also found In shades i.sericea woodland areas. Clutia-
natalensis, Comweling africens, Polyoals ohlendorfiana and Logs o
ahare 14 diaé;tbutinh. but havs slightly wider tolerancas of
radiation and acil moisture comtitions.

i
» muinm clearly favoured Griffin soils, snd was mors abundant

in sreas of Tower rediation and ¥ -er sltitude, Grangsi” (1% mote

" that P.squilinum sesmed confined to soils not shallowar thys 80GL.

sonditions mostly found low..  the topdgraphy of © IX. #.falx shared
its prefersnca for Griffin sov,. {and low radiation), but also
occurrdd at higher altitudas. Whiile A.snua}a also favored theas
soils, 1t alao occura on other o1l types and at high altitudes and
rediation Tevels. j

£

T.triandra, Rendlis alter-. “anicim nataisnse, Diheteropogon
fillfollus and T.301catus we., -8 abundant on shallow atony Miapah
soils, at higher altitudes ari radiation lavels. Stiburus
alopecuroidas, He ““‘iwtcl:ric) by turgiduium m Ha 1 Tchrysum aurso-nicens
all {avqprod avarage rediation and altitude ‘Jevals with soiis of
intermediate moisture and depth.

The standardized residuais of BOA provided becier dascriptions of
speciss Fusponses than the Factor Analysis snd varimsx rotatton. The
species groupings darived after rotation were sensitive to ralatively
wall aiterstions in speciss data, os shown when 2.aquilinum , .
T.trtandra sud A.seeigiata vers sub-sampled. Thi. sy be because wivile
the rotation aitampted to maximize the distinction betwesn the smcias'
groups (& more arbitrary procfu whan specigs show gradual changes 1% .
sf sndenty}, the standardized Tesiduals smphdsized the continuum asture
of spacies distributions. Presumsbly rotation is best suited to use
with vagatation whare species strongly prefsr or aveid the diffqmuth
groups of an epyiroroabg) v ﬂmta}"ﬂ. ' ' |

| .

o The yse of factor apalvsis in veoutation acology has beun

criiticized for $ts assumptions of 1inasrity in spacies’ responses to

2 : =
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CHAFTER 3

VEGETATION CHANGES AFTER
WIEITHDODRAWAL OF FIRE IN © XX

2.1, IN'!.{&JUC?IN

This chapter looked at the vagetation changes along trangsects
since 973, attempting to fdentify succassional trands, megsure tha
sxtant of changes, ind svaluate hypotheses about tha types of spactes
thanges occuriing sfter wichdrawa? of firs.

Vagetation chatiges can b4 dafinsd and messurad in & number of
ways, first, when viawing soeciss composition and abundance together,
changes ncluda inc-easas and Jdecrsases in amgont snd the Tose or ga'n
of speciss (termad <werail change). Thess “ypes of overall change car
be fdent.Tied from tha shifts of gites {wg vegetation Lyves and
cowmmnitier) from tuo ditferant times in ordinated’sste space, Auatin
{1977) outlined the sspects of sita-time ardinatinn which would raveal
succassional Faatures. If tre majority of gites show parailel or
similar traje tortec, then a general (sucuessional) trand i3 svident
If the alite trajectorias are orisnted at rondom, theres muy be
divargence, or differant treandg at differsnt sites. Tha extent of
overall crhavpe 18 irdicatad by thc distance batwesn sites From
sticassive years in ordinsted site apace.

Sacond, Fioristic chengs (Borrkamm 1981} 1rvolving actual
species turnover 1% anolher aspect of vegetation chengs. Thw
proportion of specigs not common to A site at both times (after
accounting for sampiing errar) indicates floristic disuimitarity angd
maasuyres changes in floristic composition.

Third, taking somciss individuslly, thelr incraases or decrease:
in fregquency {tarmed species Troguency changes) represents a Finer
scals of viewing vegstation changs. The significance of frenuency
changes ara testabie with chi-sguered tr aguivaient tests.



{celiculated i chapter 1 to detect significant ~“anges in the site
scora beatwean 1973 and 1986,

2} The detranding in DCA {’though over zealaus, Plalou 1984) is
kattar than olher methods st producing a meaningful sacend gradient,
#hen this is smaller than tha first, as 1s the cassuith thesedata.

3} DCA can brask down when & gradient is oo Tong or too shori;
hut this does not apply in this case,

4) An adequate general model of species response dosas not yet
exist (Kont and Baliard, 1988}, so that techniguas alternalive 1o OCA
%111 have thair maculiar Timitations., As this thesis was not
an exercisn is Lachnique comparison, 1% 1s the scological
inserpretation of tha rasults that matter. There i3 no "best”
tachnigue. Howaver, Ter Brask's (1957) CANOUD oo, .ter program,
tinavailable At the time - 7 wr1tn~up,_may prove mora than useful,

Aspacts of the DCA oroivation, corresponding to the above-
ment fongd levels of vegetation groups and comwunitios, wars avamined
as outiined beinw, Additional aspactis, railtinﬁ'bn tha—aven higher
jevel of averall rstrhmant, wore alsa looked at,

3.2.1.1. Ganeral trands in the catchmen!. vagetation

To determire whethar thare existed a . gensral trend of vegetation
changs in © IX, the trajectories of the vegelation group means ware
examinsd. Paralle’ trajectories OF group means ‘mplied a consistent
trend throughout the ¢ IX vegatation, wheareas non-parailel ones
implied multi-directional changes.

3.2.,1.2. Ffrands and the extent of overali changea witivin
vegatation groups

To determing whethar a rend occurred witnin an indivisua)
vegetation group, the trajectories of the member communities wera
examined. Again, many near paral!a? trajaectories uithin 4 vegatation
group indicated that 4t was snnuing a consistent trund. AS & measure

13
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Teble 2.3.3.1. Maximum difference in sxis scors bstween mewbers of a
vegetat ion group.

VEQETATION GAROUP . MI; 1 AXIS 2
1 0 17 41
2 . @
3 & 44
4 14 42
8 18 44
] W 68 23 -
7 54 17
] 15 22
. @ 48 4%
10 82 ¢ 28

£i{g. 2,3.3.2 shows the relattionships of speciss to the DCA axes.
The ra:tuit.s of the BDA’s wars usad tu interpret the axes as follows:
The disiributon ot ipocln along the DCA axis 1 was fror higher
altiiude and radtation, shaliow suiled sreas with §.alopecuroides,
p.altera, D.filifolius, §.bupleuroides, T.leucothrix, end
P.nataienais; through speciss ocaurrir;g aver a wider range including
niddie attitude- areas (7. trisdrs, H.falx, R. lucigti, :

& : .
A appendicilatis, F.caprina, A.semialata, SBerkbeya rhapontica,

Buchenroedera ivtononoides, snd Acelypha punctata); than spicles of
Jowe-mid altituse with despar sotls, (P.agqutiinum, festuca caprina,
Helichrysum umbraculigerum, Pellssa Jusdripinnata), domn to species of

“lower altitude, desp, moist w0ils, (M.capense, P.ohlandorfiana,

t.saricea, P.€£xansii, C.natalansis}. 1his «as shown by the teend in

. -“x
vegetation groups 1 through & t; follow the transects from the

drainags Yine: ¢p the siopea toward the rm’ of ithe catchwent basin,
asshoun in fig. 2.3.3.3.
_ ) .

DCA axi 2 appeared to by a gradient Trom the hesd of the
catchmant to the nouth, Thix {s shown by the greater prevalence of -
vegetaiion groups 3 and 10 towsrd the haad of the catchment, as
opposgd to graup 7 theard the catchment mouth, but this i not msasily
interproted (fig. 2.3,2.7), '

ri
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Species characteristic of the vegetation groups are given below,
They are listed {n order of their tmportance in characterizing the
vegetation efoua {ia species found more in that group than in any
others), with freguancy be:ag s second criterion:

1: ioucosioea serices, Miscanthus capense, Pellases quedripinnata,

Pi.111pple evansii, Helichrysum umdracu!igerum,” Pteridium aquf e,

Comwe1ina a‘ricana, Polygels ohlencorfisna. N
IS ” el

2: Ptecidium aquilinum, Niscantins capense, Leucosidee serices, Clutis

mn!gmu, Helichrysum umbraculigerum, Philippia evenst!, Polygais

ohisndorf iana. N

7

3: Andropogon appendiculatus, Acalyphe punctata, F.aquilinum,
H.capenss, T.triandra, H. qbrxcul!«m. L. urioul, C.afrfcana,
Harpechioa falx. : '

4: P.aquiTinum, T.trisndra, Acalvpha punctata, Andropogen -
sppendiculntus, L. sorfm. P.evansif, }ristacviya Jeucothrix, Sestuca
capring, mrpuchloa fnx.l

]
i

%: T.triandra, P. aqut?fnm. H.ralx, T. Iaucothr!x. Acalypha punctutl, :
A. lppmrfcuutus. Rublix Iudufyff. H ssbracul igerum,

1

o | A )
$: T.triamtra, 1. lmucothrix, Senacio bupleurcides, Stibutus

alovecuroides, Rand!la altars, Diheterovogon fiiifolius,,
A, appendicvdatus, H.faix. . . o

[+
-

- 2 :
Pk : .
N 0 PR P

T: P.uuf?‘nw, Eliorurys m\fcux, A,a‘.'ypha punctats, A?lotompsf!
somigleta, T.triandra, T.laucothrix, A mmmm. ’ .
H.umbraculigerum, L

'
E‘
o o S
. % ) .-'
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'8: P.ovansill, (.triamira, T.iscothrix, 8. buplavrotdes, Diheteropogon

Pitifolius, A.appendiculatus, H.falx, (Elfonurus sutirus,
P.aguilinum). -

€2 D.fi1ifoltus, T.leucothrix, T.triandra, S.buplevroides,
Allctaropais sewmialata, Eltonurus muticus, A.Jappendiculatus.

10: Senecic 1satideus, A.Mfcu!agus, T.triasdra, P.squilinm,

"Rubus fvawigt:. Nelictoti-ichon tirgick:lum, S.bupleurvides, Acalyphe

punctata, H. {Hx.

z.3.4 \"Hll\'-’!@ i DCA COMONET m\} WITH REMUCKG SANPLIYG IRTEWSITY

o1

~ The maxive d'lffomm batwean two sadpie axis scores was 0.3
utardlrd devistions on tha OCA axas (tnhh 2.3.4.1, atso sen fig.

2331)

~ Tabla 2.3.4,1. Full date set and subu.. DCA sxis scoras for tho fwt o~
cmitiﬂ tested for var{ation in ax'[s score with raviuced sampiing ( 2__“_.

\

i

intensity. . L
COMMRIITY FULL OAYA SET SUBSET 1§ LUBRBET 2 SURSET 3
135 - . _
anis 1 e 112 83 $10
axiy 2. 151 151 144 149
axig 1 83 1683 182 } 154
axis 2 144 144 1581 o 144
73.14 o i
uia ' 19 74 79 \\1 T8
“axis 2 53, £2 a5 -8
T3.18% . ° ' o
u-'s l; a . ‘2 - 5'30 2a 0o
- axis 2 58 - 59 C 80
fsc 16 it " ] " B B
axis 1 20 F{] 9 17
axin 2 o4 98 48’ 82

—-
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The 96% confidence intervals sbout a single astimate of community
scars were caiculated trom the ANOVA as + or - 13.256 units on the LA
ax1a 1, (5td. error = 8.8769), and ¢ or - 14.749 on DGA axis 2 (Std.
error = 9.87393).

2.4. DISCUSBION

0f the thres environmental fuctors sxaninad, soil type provided
Lhe best cescription of species distribytions fn C IX, Along with
altitude, it reflected the oversll moisturs gradients which have
patternad species distributions in the catchment.

while radiation’'s influsnce on the vegatation also acts through
datermining ha moisturs regime, only sowe species showed a clear
rasponss to 1, eapecially Ahilippis evansii, Marpachioe faix {low
lavals), and Dihateropogon Filifolius, Pantcue natalensis,

“Alloteronsis ssmialata and Rondlia altera (highar lsvels). The fact

that the radistion anaiveis ofd not produce & ¢ ~ar gradisnt from low
to bigh Yevels, further indicates that radiation's influence is
nodified by ci'jrnr factors.

P.evansii’a response to radiation has bsen sxamined by Evarson

“und Breen (1983), who concluded that its distribution ir south facimg,

low radiation eites is probably beceuse it experisnces more favoursbls
water relations thare, H.7alx's distribution under c:mdiu s of tower
radiation, is likely reutad to 1ts ability to mrvwn the 3 light
intansities of ahading, as shown by Everson (1985:. He also faund

T. Touccthrix and A. semia rm to be more shade toin-ant, but this was -

~ not"reflectad (at this scale of axswination) in thtir gist:ibu*ions in

¢ 1X (7. Taucothrix did nct show clear tolerance of lowsé radtetion
lavels, while A, smw?ata appuud > avoid sites with jess radiation
~ o8 sppandix 2.2.1.3). Msa. Evarson’s Findings are not reflected In

| ths dist ibutton of T.tr 'andra,/ which showed no avoidance of Jow

radiation Tevels z3 would ba axpected, Bhing more sengitive to Tow
Tight. than /. falx. However, Irachypogon spicatus did faveur high
radiation levels, and ao mors ciosely reflacts Jts sensitivity to lom
Tight levsls th its U IX distributton (ses appendix 2.2.1.3).



snvircrmental gradisnts. The resulting distortion of factor axes hes
deterres ecolugists from using FA, but the wanner :n which Strahler
smploys 1t (ty having snvironmentsl groups as of -arvations) alleviates
the mejor problem, which 13 relating distorted factor sxes to
envirdiment. Als0, the standardized residus's were invaluable in
reflscting dirsctly the species’ reaponses to environments]l groups;
and helped achieve a form of diract gredient .ll'lllyl‘ls. This 1»

- currently beat achieved only using snvironmentally constrained

ardiretton with the now Canonical Correspondence Analveig package nf
ter Braak {1987), a method not available at the time of writs-up.

Finally, it should ow noted that the results of the puitivariate |
teachnigquet uwd hare oid not diffar grestly from the "intuitive”
findings of vious researchers (Xillick 1963, Granger 1978). I¢
these iangthy procedures are being used pursly for hypothests
guneration, the time could ba better spent in the fiold using dimcz:
technigues wnich give insight into particuiar hypothases about
spzcies’ responses, and are genarsted far more quickly by "subjsctive”
field cbservations. B ‘ .

it
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Using the above nessurss of vegetation change, the main cbjsctive
of this chapter was to describe the patterns of change in ¢ IX at
diffuront spatial scalas, ranging from the whols catchment (viewing
the dxta from all arsss in C IX together), to changes in aress ¢~ the
same vagetation type (these areas ars termed vegstation groups,
defined in chaptar 2}, to thoss changes occurring tu focal sitss or
communitine (cerived from 1973 NAA communitiss).

The work of Grangsr (1378} and Evarson {1985} resulted i3 some
pradictions about which spacies would incrasse ur decressss in
dominsnce after uithdﬁguai of fire. A subsidiery objective of this
chapter was therefars to test their predisticns.

3. 2.1#&?“008
3.2.1. SUCCESRICMAL TRENDS AND TiF: EXTERTS QF G“i:llili CRANGES ﬂﬂ" IX

To determine Ltrends . nd extents of chargay in spacins ccmpas*t1qn
and abundance stnce 1973, the changa in sczttion of "sites” i
ordirated zite space were axamined (ag Austin 19??. Foran et ul 1985).
Sitey wers defined at differant ‘evals of prgenization or scale of
plant &;taciation: the lowsr lavel baing individual plent communities
. (NAA comunities, sed chapuer %), and the higher level baing
ulvqggtation groups means, derived from groups of commnities with
similar spacres compositions {idenuified using DECORANA on arcsine
transformad freguancy dats from 19?5~only}.

U0A was parformed on the 1973 and 1986 data sdats together,
using the transformaed data of specias fragquancias in communities in
tha two years. Its use was thought sppropriate for s number of ressons

(drawst from T%? Praak and Prantice 1988):

1) Unlike Corrasponcence Analysis, 0CA includes non-iinaar ia-
scaling of the n-es, which aqualizes the withir-gite variaice at all
points along t&ﬁ axes. A chigs of one unit shouid measure the same
difference in composition anywhers on the axis. This feature snsbled
tiaa uniform app!icatinn of the Teast significont d1fftrancu MRARUras

\l
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of the axtent of chang: in & vegetaticn group, ANOVA was used to
calsulate the 95X Yeast significant diffarence batwesn years in sach
group mean, ofi each axis. In addition, as a comparison with the use of
DCA, chi-squored tasts ware used on vegetation group data to maasurs
ovarall change in each group.

2.2.1,2, the extent of overall vhang. within plant
communities oy
The extent of changs in an Individus? community was ugq;dnu;f—

using the differsnces in axis score of s community (is a aiiu daf inad
at the communit - level} betwaen the twe vears, Yests for significant
dﬂffﬂronces tetween years wers madw using the least .ignificant
differances 9stablisned for wach axis in chaptar 2. Tre LSO for axis 2
was interpreted st the 93X leval, to account for Jifferences 1n axis
*diraction’ and spread in specier. spsce rowulting from grdinatios qf
the joint 1975~1988 data, as opposed to the 3973 data alone {le, ihe
distance batwsen two 1974 communitias on axis 2 was mors variadble in

tha joint ordination than tie 1973-only ordinstion).
3.2.2. CHINGES IN SPECIZS SAEQUERCIES

The changes in ipdividunl species’ fragquencies wers alsc examined
at three scales, using different groupings of tha freudancy dats. Tha
scales ware a) species frasguency changes in the catchnent, b)Y changes
‘within different vegetation types (groups), and ¢} “localized" spacies
fraguency changes, within individuml plant communitias. The corrected
G-statistic {Sokal and Rolf, 1981) was caiciisted to test for
signiticant dittarences (ie incrasses or decreases) in fraquencies
between the two yosrs. With smail sample stzes, Fisher's exact
probability tesf“ﬂis subatituted. The corrected & is slightiy lass
conservative than shi-squared corrocted for dlscontinuity, and is
othervisa aguivalent. Specias tested wers ones freguent encugh for
Fisher's or chi-aguared, as mentionsd in chapter 2.

34



3.2.2.1. Spucies frenuency change: in the whole
walchment
TH derarming »nich species iind inuressed and which had decrassed

their frequaficy 4 the catchmeni as & whole, their presence-absence
frequenciea in sech transeclt wei. summed. Addittonal species, not
inchitded fn the BDA r DCA in chapisr 2 or 3, were i{asted fnr ovarxll
Tradquency changs n thw summed gata from 11 tiransents, These spaciex
=813 infrequar. throughout the most parts of the transescisz, but Lests
for e2198 would be made on their sawexd data.

3.2.2.2. Spnuiaa fraquancy changess in vegetation groups R

Individusl species {requancy chauges within vegetation groupe
wara deterrised using the summad apeciesx frejuenciss of communtiies
betonging to Lhs groups.

3.2.2.3. Suscies feguency changes (1 commixtities

Changes 1 *hin somcaniting were tested using ipe Fiquency of
gach spacies in that community, Becar  tho sample sizes =F tha
various communities weie not the same, the smount of change that conld
be iduntified as sratigricaily stgnificzat (and therefors the power of
the test) varied. For'eich community (eack samplo size), the
parcantage change in Epucias frequency that wouid yive a significant '
G-statistic at P = 0.05 .avel iIs provided JAppandi- 13,228}, A cowmon
sensa astimata of the emcunt of change thal is blologrealjy
significant 13 perhaps around {0% of vha 1372 salue, hut snva samp]p
sizes did not always permit thiq Tevel of diffarence to be testad.

3.2.3. ‘THE EXTENT OF FLORISTIC CANGE STNIN COMERTTERS

Species taimovar within comunitisg was nstimatad Trom their
florigtic sirdliarity n 1973 and 1986 - the progortion of spacies
chared batwesn the two yoars. Again. only the major spacies as ussa in
this chapter, wera used in this test. The 1973 Florisie similarity of
differant vegetation groups was usud to show the iangs of diffarences
in spacies composition then preasht in the catchwant. Floristic change
over time in cne site could therafore ba viewed in relatyon tz

catchmant-wide Floristic differeancas, c
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Ssrensan’s (1948) cumwunity cosfficients (CC) usro calculattd,
with £C = 2a/bi¢; a= the number of spacies in the commu;*ty in both
1973 and 1986, b = the numbar of spscies in tha community in 1973
only; and ¢ = the number of specias in the cummunity in 1985 only.

06 waz interureted as a rough sstimata of specises turnover,
boaize some spacies which ware present at véry low fraguencies in
1973 woitly not have been recorded (even 1f present) with the lower
sampling intensities of 1986, and because not a%1 species 1n &
community wers used. Potencielly, the chanyga in DCA axis scorw of a
site as maasurad by the number of averags stardard daviations of
spocies turnover (SD) it represents. could ba used to measurs specias
turnovar. However, 0lzvig ot al (1983) comnared measuras of turn.ver
and coucludad that H111's aiganvector astimate of haif changs (HC~
(EVY) and 8D units were unrelisble estimates of this parameter.

3.2.4. EVWUATION OF HYPOTHESTIED SPECIES LUMTAANCE SEQUENCES

Some of Grangers(1976} hypothasiied sequences of species
dominance in the vegetation of C IX were tested, The teats were
restricted to particular temporal species sequences because Granger
did net distinguish ¢learly betweesn thase and supposedly spatial onhes.

The hypothesis that species A would “replace” species B in
dominance was tested by summing the frequancies o each pair of
species in the two vears 1n communitias whera both wera present.
calculating the G-statistic. This fested tha signilicance of a
differsnce in the preportion of tha two spesies batween 1973 nnd 1988,

v'Although Grangar’s hypothasas applied to specific site ceaditions
only, hypothesized trends involving speciaes in diffe ent areas were
the samm, so that all communitias which contained the initially
dominant spacies ware tusmd to make tha tests. Whars two co-uccurriny
spacies were sald to ba repla.su by some others, not all combinations
wars tested (e I 7.triandra ana /. appendiculatus ware to replace
E.maticus and A,somialata, ooy the changes in proporiion of
T.triandra and E.mutinus, A.appemdicnlatus |
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and A.zemialata, snd A.appendiculatus and E.muticus wers tusied.

Granger's hypotheses {(given In full 1n appendix 3.2.3) were as
follows:

i _:.{ .

On shallow soils, T.triandra rsulaces Dinsteropogon £ilifolius and
Pawll’ alters,

s stesp, cool, south~facing slopes with desp soil, 1.triandra
repla.as E.mutfcus, whila A.appsndiculatus replaces E.muticus and
A.sewislata. Phi 1fopta evanaii; hbf!chryam aurso-nicens, P.aquilinum,

- Rubus Tudwigii and Leucosides serices replsce 7.triandra, and Pullasa
quadriptnnata replaces A.semiglata. L.sericea replaces
A. appercdiculatus, -

D)

O

On steep, coal, south-facing ';ﬂapn with shaliow a0il, Serkhava
# . rhapontica replaces Rendlia aitera, T.triandra replaces Diheterapogon
rilifolfus, and P.evansii and L.sarices replace 7.triandra. )

 On warshy sreas and motst soils, P.evansii rqp'gacﬂ._\__&an‘ucio
‘Isatideus and Hiscanthus capense. R.1ludwigfi replaces P.aquilinum, and
L.sericex replaces A appendiculstus, H.cg}msa and P.aqyﬂmw.

. Other replacements tested were that H.falx, A.appendiculatus and
. Toleucothrix raplace T.trisndra (from Granger, 1978 and Evursm 1988),
3.3 RESULTS ,,
3.3.1. SUCLESSIONL TOENDS ARD THE EXTENT OF OVERSIA s 10 G I
Joint 19731906 DCA " |
DEA OF the joint 1973-1988 date resulted in the species

. urdinrtion shown in fig 3.3.1.1. Tha first axis showed 2 gradient from

Niscanthus cepense, Polygelas chlsndorfiana, leucosidea serices and
Qlutia natalensis o Stfbum;v a?aplcumidcs, Ditmtaropogon fi1l1ifolius,

and Rendiia altera. This nrf}d'lmt is sssentinlly similar ty that
obtained with " . . ° )

i

o i ’ o
[ : - n
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the i07%-only deta, only Psnicum nmmwn s He lichrysm surso~
nitens had sarkedly 1ncru..jld their scores and altered thetr mit‘lm
relative to the othar smim. Othar differances wars amsll md the

spacies had retainad their overall piacings along the gradtent.
) - - --

The ascond OCA sxis ;u reavarsed 1n the joint data ordimtiqn.
Although thers vers mcra differences to the 1873 axis 2, the -
overail gradient wes sistiar, with £7locurus sticus, Allotsropsts
samisiate and n.&inm having posittve axis acores &t one extrems and
’ H.aum nitens, M. t.:f;zfdum\( and §. /sstidous hoving negative scorss st
the othar. Meny smiu titared their {-lative positions on the uil.
 especiaiiv P.nateTense, Beriheye rhmncm and Aubus tudwigiy .

. The sbove diffcmms in miu miﬂms resultsd in
_ mitiu luing condenassd 1n spacies -splct. compared to ihe 1973-

only ordinction. Also on axis 2, inter-site {oommmnity) distances ware -
- more variebls then Lie squivalent distance in 1973 ordination,
indicat{ng that apecies wers ordersd differently along this axia. This
made interpretation of changes more difftcult. '

o

s.s.i.t General trends inthc catchmant vegetation

The most obviocus overall trend tn the deta was tis decresss in
axis 2 scores of the 1388 vcattﬂon group means (Fig 3.3.1.2, a) -
#)). This implied s mova in spacies empositf:m away from £.muticus,
A.semialats, Acelypha punctata and Buchenrogdera lotononsides t.burda_
more P.natslense, N.aurso-nitens, fFastuca cap:ina, 8.rhaponiica, "
H.turgidulum and Pa]leseiquaciripinneia. Trends on dxis 1 were not
consistant, m& ippearsd ta depend on the vegetation group. Groups 1,
2, and 3 at.one: mrtrm of the uxin |how¢d vary [ittls change, groups
4 - T, with non-extrems scores on sxis 1, showsd some increasas in
score, group @ anin slmnd Htt“. changs, while groum ¢ and 10
showed & decreces in axis 1 scors. -

B



o 3.3.1.2. Tromls and the sxtent of overall chmon u!t.h'ln
vegatation groupe

Trends of change within individual vegstation groups reflected
the conaistent deCrease in tha axis 2 sCores, with some sxceptions
(Y4.16 1n group §, T7.7 in group 9, 5.1 1n group 10, T2.12 and T&.4 in
group 8, 15.7 in group 6, and T&.1 and 77.3 in group 2). Trends on
axis | were again relatively inconsistent, with similer communities in

8 Wtstim group diverging. Howdver, tha bigger trond was toward an

increase in axis § score (see fig 3.3.1.2 8) ~ @)},
Only vegetation grwp: 5 and 7 showed ;1m1f1cl‘ﬁ§. difjerences in

group mean axis 1 scarss betwesh the twe ynra. Qroups 3, &, &, 7 and

9 showod aignificant differences in axis 2 scoros {(table 3.3.%. 2} The
| Sfreatust changas tn ui: 2 score wars in vegetation groups 7 (-B1.37),

9 (~20.83) and 8 -20 1!-)% A1l other significant changes in vegetstion

group mean scores H.N anail, partly a ref'loction of d1nrgcm:t in

species deaposition within groups.

. o o
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‘Table 3.3.1.2. Vegetation group mean axis scares in 1973 and 1988 for
DCA axis 1 and 2, showing leest significant diffsrence lsvels and

-

signiffvant diffarences in scores for the sroupﬁmm.

[}

VEGETATION YEAR NEAN " 8.E. £.8.0 +PC
. Q.08
o
AX1S 1
1 1973 304.5. -
1088 403.25 12,8806 . 38,7
2 1973 241.89 _ ' .
: ) 1083 258,40 11,3481 ., 3%, 9
3 1973 202.20° Ao
. 1988 208.00 i 491 0 39
4 1973 185,33 : oY
\ 1086 182.50 10,3602 29.2
N 19713 137.48
. 1088 16G.23 7.7304 19,8
5 1973 L 91. ao |
0 1. AT3 gi24.75
/’193! - 787,87 . 8,972 25.2
v 91.17
104.00 106.380% 20.1
§3.57
41,33 10,38¢2 29.1
174,25 L
iI8T. 76 12,8886 5.7
120.50
96,28 10,9283 0.6 NS
2 103,40
° 9,00 9. 7188 27.% NS
3 110.20 :
_ 82.20 8. 7755 21.% $
4 122.53 _
107.5¢ 8.9238 25.1 NS
6 119,62
- 91,48 8.08"5 17,1 $
8 1973 100.43 ; -
1988 77.00 . 4.2818 23.2 $
\ 7 1973+ - 481.38
1086 130.00 T.1282 21.1 s
a 3 ; 1913 104,83
1988 88.00 8.9238 25.1 NS
9 1973 130.83 . ,
1988 100.00°  B5.9238 25.1 5
10 a 1913 103.00
. 1088 87.00  10.9293 20.8 NS

&# 5 & ° % " & % 8 &

&

o
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fable 3)8.1.3. Significant changen at P <

.08 level in the DCA axts

$tors of individual communities, uith 1ust significant differsnces

calctﬂaud from AIIOVA. >

~35

VEGETATION SCORE SCORE  CHANGE
_apoup COMUNITY 1878 1988 IN SCORE
AXIS 1 L.S.D at P< .05 = 27, at P¢ 001 = 32%
) 12.1 ¥83 284 a1
2 T4.9 1241 208 | =388
2 76.1 234 288 azs
2 T1.3 282 - 033 29
>3 18.2 191 218 27
) & 73.11 184 202 aes
5 12,8 138 218 . 81s
s T4.10 145 218 EL
3 18.3 143 111 343
8 . T3.7 %0 119 29
8 - 78,1 118 151 158
7 O T2.4 180 198 a8
1 BEY. T7.1 188 '+ 220 A4
1 17.2 & 189 209 . 50s
7 TA. 1 174 218 A%
7 TA.2 138 171 39%
4 C TAL4 131 196 858
8 T2.12 97 125 28
8 T4.11 91 0 ~-91s
8 T6.4 o9 182 a3s
9 T2.1 81 S0 . -B8i2
Y ¥71.7 62 .0 ~02%

AXIS 2 L.S.D. at Pt .05 = 30; at P< .001 = 36%
1 TF. 1 140 9 ~42%
2 72.5 188 110 ~4B%
3 15.5 125 $¢ .. ~38
5 2.8 120 49 “Fiw
5 18.% 118 80 ~38¢
3 T3.12 140 1085
5 T3.13 4 . 113 -39
5 T4, 4 128 98 ~30
5 16.3 9 - 56 ~40%
5 " T1.8 72 38 ~34
8 T3.3 104 12 -32
5 T3.7 tiz 28 ~44t
8 T4.2 108 TA - =32
6 g . T4,.3 23 &0 ~33
7 12.3 182 123 ~33%
1 " 52.4 190 121  ~A3%
7 . 1.1 183 119 -84%
7 T1.2 174 124 41
7 TA.1 184 127 ~51s
7 TA.2 200 A3 -62e
7 TA. 4 189 438 7 o ~B1x
8 72.9 307 87 . —dlyR
8 T4.11 13¢ 13 -32
9 9 T2.1 178 98 ~82%
9 12.2 160 113 -47
8 13.1 108 46 ~ 40
! 338106 82 =43¢
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Chi-squarad tests f%r (:furaﬂ changs in specias fraquency within
vagatation groups wers mors sensitive than the tast dons for DCA gruup
means. In order of decresasing difference betwasn years, groups 3, 7,
10. 4, and § showed significant cnanges (Chi-squared = 17.8, 8.9,
8.U%, 5.9 and 5.89 respactively). The changes in group 10 and 4 were
“undetectad” by the tust on the DCA, and group 5 showsd no difference
using chi-squared, but was different on DCA exis 2 with the other
tost,

3.3.4.3. The extent o'l‘ overa'i'l changa within plant
commuri ties

Table 3.3.1.3 shows the axes scores of callnunitias significantiy
different at P < 0.05. The Liggest changes on axis 1 ozcurred in T4.11
(~91), T2.8 (81) and T4.10 {77), The biggest changes on axis ? wtre in
T2.1 (~82) and T2.8 (~71). Most of the axis 1 an¢ 2 changes werd
significant at the P < 0.001 Tevel, For axis 2, those not significant
at this leval ware gonsiderad unchangld bacausa of the ‘distorticn’ in
this axis. More cnmunitiu changad in vagetation gmup 7 than in any
other vagetation nmuﬁ, vhile cowmunitiss in vegetation groups 1, 3, 4
and 10 showed faw signiticant changes. ‘ . _ \ |

3.3.2. CHANGES TN SPECIES FREGUENCIES IN € 1iX

3.3.2.1. Species frequency changes in the whole
catchmant

There wars un sxcrema changes in the frequency (catchment-wide)
of any speciss in C IX (see table 3.3,2.1). L.sericea, Wahlanbergia.
rrebati, Dikelaropogon amplectens, H.turgidulum snwd P,quadripinnata
showed the biggest increases 122.1%, 21%, 18.9%, 17.9% and 15.7%
raspactively) and 7. Lirvandra, A.appendiculatus end O.Filifolius showed
the biggest decraases in fraquency (18.5%, 12.9% and 12\3%
respectiyaly). Table 3.3.1.2.1 shows the spacies with signifisant
Freguancy changas since 1973. P.aquilinum, C.paioiensts, B.rhapontic..
Fastuca costata, Stiburus slopscivuides, Polygaia ohlsndorfiana, ”
M.capanse, T.spicatus, Gunnsra purpansa d Aster perfellatus remaiced
unchanged. _ A}



Table 1.3.2.1. Changas in specles’ frequancies in the whols of € IX
since 1873, significant at p<0.03.. w

i~ p BT Py

SPECIES & % in xin . A 1 it
Fraguency: 1813 1988 CHANGE
TINCGREASES
L.sericoa . 8.5 30.6 22.1
- Wahlenbergia krebsii 0.5 21.5 21.0
D.amplectens 2,47 22.3 19.9¢7
H. turgidulum ' 3.3 21.3 17.9
P.quadripinnata ' E.& 21.3 18,7
P.nateleansa 0.4 10.0 9.6
C.africana o 18.5 24,2 1.4
P.ovansii 8.1 8.3 2.2
H. aurec-nitens 2.9 9.9 6.9
K. Falx Cod 38.4 45.4 8.8
R, ludwigid T 28.4 32.2 3.9
R.alters 10,8 13.9 3.5
Vernonia hirstuta 12,9 15.3 2.4
Myraine africana 1.9 3.8 1.9
Schistostaphiom _
‘crataegiflorum L 2.5 3.7 1.2
DECREASES
A.sppendiculatus 4z.3 29.2 ~12.9
D.filifolius - 21.4 9.2 ~12,3
S.bupieurpides s 23.4 -3, 4
Halichrysum glomeratuw - 101 3.0 -1
J-Wﬁctltﬂ 3?.0 30-2 =-§.8
H.contortus ) 13.1 8.3 ~8.8
A somiaiata 17.2 12.2 5.0
E.muticus _ 10.6 8.0 -45
T. leticothrix $0.3 58.1 i, 17
H.umbracuiigerim o 1.8 34.4 -3.39
5. fastideus 7.4 5.47 ~1.94

8. lotononoides . - 3.8 2.28 ~1,54

R LI Nt s e = 7,

13

3.3.2.2. Species frequancy changas in vegstation groupe

The most widely ocsurring changés invoived L.sericea,
P.quadripinnate, H. turgidulom, T.triandra, A.sppeirdiculatus,
P.natalgnse and O, Filifolius. Figs 3.3.2.2 &) ~ @) show changas in -
the % fraguencies of somp aspacies in sach of the ten vegstation |
groups, and in conjunction with fig 2.3.3.3 show how species are
distributed in © IX with respect to these 'vngetaﬁan groups,
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L.serices increased the moat in vegetation group T, which was
dominated by P.aquilinum and irciuded the oid fire-break ares esat of
the weir. Areas least tnvaded were in vegetation group & and 8 whare
P.aguilinum was infrequent, and T.triandra dominated. Vegetation group
92, on shallow dry sotls where D.f{1ifo!1us was most frequent, still
lacked L.serices. C.natalense increased in waturs areas of L. sericen
{vegatation gre.p 1), but decrsased in other arcas, espacially in
those vagetation groupe occurring toward the head of ¢ 13 (3, 10 and

(rto wome axtent 4). M.capenss decrsassd iff mature L.serices arvas (1
and 23, and increased in vegetation group T where L.serices was still
immature and invading sxtensively. ’

LE aquﬂinur decressed in va p;,f‘“wq ra\jm o ‘;urring tower down
in ¢ IX, m\encruas:i in qrt‘ug&/ ;\ .mich Joveurred at higher
attitudes. Th' s ppt,..am of r'hangq mﬁmﬁ. éhu outward clonal
Jrowth of P.mwlfnu» Cuiﬂﬂiu! t'ﬁ?wmw > eus and the dosunl ‘ation of
oldor parts of the zolonter {ug *m\ff, 447} which criginated lower in
the catchment. SN |

o.fi H’i"c:mnul’fI was almost lost 1"11 most vagatation groups since
1973, Only grouphs 8 and 9 sti11 had »2t% of quadrats containing this
species. 7.tlriamra decraased most 1n wore waist yegotation groups
nearar stresps in the catchmehl (3, «, 7 and 10), and leaat in {risr,
higher sitss (9, 8 and 8). T, Jeucoihria decraated only in vegetation
group 4, Although 1t aliu decreased uvarall, A.sppendicuiatus showsd
the oppsita trend to T.triswdra: It increaged in some mrn moist
s1tea {vegutation group 10), and decrmased most in dirfer sites (9, £
and 8).

M. turgidulum and F,capring increasad most in more moist
. vegstation groups (excluding L.serfces dominated groups 1 for
H. turgiduium ﬂd 2 for F.caprina ), whiis 4, falx increasad mttly in
drier aress (9, 8, 8) but also in some mors moist aites (7 and 10). It
;i decrwased in vegetation group 5. S.alopecurofdes decresysd in the
relatively dry vepetation group 8, and spresd to cther areas (7, 8,
9). R.altera and A.samialata both increased in vegetation groupi 7 and



48

2, but the latter also incrsased in 10, uh_tn R.alters ramsined
absent.

P.natzlense and P.quadripinnate appsarsd Lo increass throughout
most of the catchmant, though P.natalense murs sc in highar altitude
sites (9, 10, 8, and 8). Thes "fynboa" spacies Buchenrosmera
lotononoides showed & 31ight decline in most of 1ts range.

Changes in other spaciss are givd:;;in fig 3.3:2.2 erdd appetdix
3.3.2.2, which shows the avarsge parcentage frequercies of species in
the vegetation groups, with spaciss ordered as thay ‘occur along Lh
DCA axis 1, ' |

0CA showed that groups 5 and 7 hnd the greatest change fn 2xes
scores. “hese tio groups were th‘f‘lfﬁﬂ compared 1o more detail. In
both vagetation groupns 2, aquflinum was present at >75% frequency, anl
L.gsrfces was tnitially wirtualiy absent, but in group &, 7. trimdm_(ﬁ
dominated the grass lsyer while E.muticus dominsted in group 7. ¢ 1’
T.triandre, J.punctats, H,umbraculigerum, D.f1}ifalius, and a
A. sppendiculatue decreased in both, while O natalense, M.turgidulim
and L.serices increased in both. Notable differences ware that H.faix
decrsasad 1n]\group 5 and incrsased in group T, and “wmecio o
bup leurcides 1ncrpas¢d in 5 and decraased in 7.

3.2.2.3. Bpecies fr;qucncy changes within communitciss

1

A1l the changas 1n apscies frequencias in individual communities ”

could not he described, byt the rasults of tests for differencey in
froqunncics betwasn yeurr ara given in appandix 3.7.2.3 a; and b).

Some communities which nesd ahnun the grutnt changu f from the

" resulis of DCA (3 1.3) snd testa Tor species turnover - ses below)

ware chosen to agm‘lu in wore. datail. Parcentage freguenci- «f
species in 1973 aud 1986 wers graphed, with spactes orviarad vrom those
showing the graatest dacreases 1n overall frequency to those shw!ng
the grostest overall fhcresses (from £.3.2.1).

e

Sy
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Firstly, many communities cciitadning 560K P.aqufl#num hed lerge
changes. Thess were TA.4,.72.8, T3.10 and T7.1 (see F1y 3.3.2.3 a).

‘Thase four commitities 411 had low sampling intensities, which

undoubtedly contributed to the spparent changss. However, they were

8180 all gquite accurately relocated in 1924, being near marker-poics

1aft in 1973, s0 that these resuits do reflact the .fiﬂd ﬂtul*.fjan.

The two quitas simitar communitiss TA.4 and 77.1 showed differant

changu, K, fﬂx snd M. turgidulim tncreesing in TA.4 only, and

R. Judwigt! incressing tn T7.1. Acalypha pmct!ta and N.capenae
decressed in T7.1, whils A.punctats resained constant in TA.4, and
M.cmmud- an appearance (not significant), alongaeith
H. mbracu?!yrm. Thess differences may be partiy dus Lo the diffarent
7irs history of the sitas: TA.4 occurred in the old firs-bresk which
had previously had & higher fire fmumcy and less time since
withdrawal of fire.
© 12.8, which’occurred on the steep bank abave the stresm, showed
increases in N.capense, L.seiices, Pellass quadripinngte and otber
spectes, but F.aquiiinum deciined along with 7.triandrs and
mdfcuhtus 73.10 showed an increass in A, wmbracul igerus at tm
sxpense of A mt«ltl. and L. sericea did not colonize as in the othar

‘communities.

Secondly, communities occurring on the cutciment ridges in drier,
shaliower soil had also changed, including T3.1, 73,16 wnd T7.7 (see
fig 3.3.2.3 b). Those areay Jacked P.aquilfnum and were sach dominatelf
by T.triandra, T.isucothrix and cther grasses (F.capring and
0. {ﬂ,’ffa”m: R.altere; and A.semiclata respact.ivaly). The fcrb
S.buplsuroides vas also comwon in these three communities. T3.1 nud 3
big incresss in M. Falx md A.samialate and some foil specisg, T3.16

‘mainteined ut: dowinant grasses, unlike T7.7. A. aym—nftcm fncreased

1n n‘l thres mnitia. .

jul
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46



G

&

S o

&

v s
h!
3

N ’
_ "ﬁﬁ‘r;'ﬂ;s_ [0,
T ]

-]
.

LJPR P

2
I3

;g
3 .!‘..".l----"yﬂﬂﬂdnu

-

l
i
Kot ‘l“l \ A
| P& Fro besk -

&

- : v I
| 1|
I ‘f-' o I’ R
”,,p‘d T

R

\.ﬁ : n £

+ -
. e,

B eI : N
. . ‘\\i £g=r .
BRLITTT M ISIT R ";f\'it:'"i:"o_atant 6! spacies turnover in C IX cassunitiss sirce
" {973, 0 = no turnover, aore than %0 X aé spacies ware prevent in bath
years) © » slow changs, &3-%0%; K.» rapid change, 35-643F V = very
rapid, 0-343 of sprcies - were presr ‘% heth ‘years. &




)
i

2N

47

3.3.3. THE EXTENT OF SLORIEVIC CNANGE NITHIN COMMUNITIES

To mdicltt the inttial unne of d1ff¢roncu in spoclu
canposium in € IX, ths Tloristic similarities of vegetation groups
wuls deternined. The most diffarent vegetation groups in C IX (groups 1
varsus 10, § and 8) represented a total turnover of 48.7 \?ﬂ 50% of
their (major) smiu. Flortstically, most vegatation urn!ips wbre
simiiar, sharing more than 75% of their species, indicating that
vagutation differeances mainly inmfwf the relative frequenciss of
spacies,

As sxpactad from vugotat':ion group differencas, most communities «ﬁ
did not have a high leval of spacies turnovar -~ they contain similar

- apecies in 1973 and 1688 (most sty ates of XCC wore feom 85 +oU0%).
Howsver, twslva communities had a greater degres of turnover, with (¢

= 35 w64%, Three conmunities shared 3Ux or mors of thair spaciss at

both tiwes, and ons community showed dramatic changes, with ;nly 4.6

of iix key specles 1n comwon butween the ysars. |
Fig 3.3.3 shows the positions of the commurizies in C IX and

thetr axtent of speciss turncver: Many of the aress ahowing greater

turnover are toward the rim of the catchment, 1_'n grasslands on

shailowsr soils. Othars are in forést margins (TA.8), or in

P.aquiTinum areas with [.saricea tnvasion (T7.1; TA,4, 72.8). Areas

‘with no change {0} were tdjaclnt to drninagu Hies. Community 1, 1

which showéo tho greatest change, hag ‘lost’ T. trfandra,
A.appendiculatus, A.punctata, E.muticus snd k.capenac and geinad
L.sericea and R.ludwigif. Although the sample si2e ;mgf” ™, s

community was Tocated st the original marker /)v m/mf i th o
swples from the twa, yeers would have bssn, in the d!ﬂtig\\ﬁla‘!éﬁl

N
3.3.4. EYAATION OF NYPOTKESIZED SPECIES DONINANCE sz_f:usncfs | S,

~ Most of the hypothesized dominance sejuences wm <upported by
the data. Those not. supported. involved the spacies, A.amm“r ufctm.
R.alters and P.aqu”fnm. [ N

P
T, e
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Tabie 3.3.4. Té & for significant changes 1n proportion of two
species 1n hypothesized replacement sequences. 1f a hypothesized
replacement. {of sp.B by $p.A} {s supported, then the propartion

(3D.A/3p.B) 1n 1988 will be significantly greser than in 19i;. The

nimber of comunicies used 1n sach test (and which containesd both -
gpeciss), 13 given in brackets.

REPLACEMENT SEQUENCE Proportion of A to B
(A roplaces 8 = A > B} 1973 1986 P
T._trfmdr?n > .

D.f1lifoltus {(42) - . 3.8 5.8 £.00t
~T.triandra > R.altera (29) §.37 3.08 <. 001
“T.triandra > E.muticus C{1#) 2.88 3.51 NS

A. dppendicuistus : |

A.sominlata (42} 1.78 C 1.43 NE

A.appendiculatus > : .
E.muticus _ {18) 1.77 1.59 NS

H.aurso-pitans > :

T.triandra {23) 0.08 0.31% <. 001

K. Tudwigii > T.triandra (52) 9.37 0.59 <.001

F.oaquilinum > T.triandrs {50) 0.85 0.87 <, 0ot

-hasaricea » T.triandra -~  (A%) 0.12 e.713 <. 001

: Pdivansit > T.triandra (24) G. 18 0.33 <, 00t
b.quadripinnats > f

A.ssmiglata i29) G.29 1.32 <. 001

L.zericea » : ' "

- A.topendiculatus (43) 0.21 1.15 <. 001
B.rhapontica > R.altera - (14} 1.24 0.88 .01
P.&quilinum > M.lepenss | (14) 1.96 1.84 S
P.aquilinum > | , )

5. 1sat ideus | (28) . 3.5 4,73 <. 01

R. luowigii » P.aquilioum | (50) g.58 0.87 .01
L.sericon > P,aquilinum i {48) Q.22° = 0.19 <. 001
I
i.sericea > M.capsnse | (15) 0.73 . 2.04 <.001
. faix > T.triandra 1 (58) 0.49 0.18 <. 001
Py 1 I
T. lsucuthrix » . -

. T-triandrs / 1(58) 077 0.94 ¢+ 01

A.appendiculatus > d\x ' ' :

T.triandre 1§ (87) 0.53 0.48 NS |

i) P
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A.appandicustus showad an unpradicted reiative deciine, while
R.nitera showed an unpradmliid ralative increasa, 2,aquiflinum did not
replace M.capenss: Both specias dscredsed their frequancy in the
pressnce of mature L.serfcea. P._aquifmjp did not rsb!o',.. 3. isat ideus
in dominance throughout its range, but did sc in communities of
vagatation group 10 {gwe Fig 3.3.2.2 &) and b)}. Tabls 3.3.4. shows
the proportion of the species pairs in 1973 and 1986, and the
probability of the observed difference in proportion vccurring by
charcs,

3.4, nxscussmn
aoraral succassional trerds

The g-seral trend of vegstation chenge in catchment C IX was

. shown using DCA, ms & shift tewards more of thoss spacies scoring <

100 on axis 2 of the joint 1973-88 DCA (see fig 3.2.1.1). Yiswing
1ndiv1dua'l spenius changes in the whole catchment confi md this,
shunng that L,sericea, H. f:urgfdu?m, P.quadripmmta, F.mf.ncnu,

P.evangii, H surac-nitane, R.altsra had fhereased, while rany spou ms

with higher scorss on 8xis 2 had decresses {E.muticus, A.smm?ata{f
T.treandre, A.appendicilatus, D.F1lifoltus, A.punctata, . ;\
H.ompraculigarum, S.bupleuroides). Spacias not invoived in this tfend‘
wers P.aquiiinum, C.africans, R.ludwigii, S.isatideus,

S, alopecs. Vdes, M.capenss, F.costats, F.caprin, snd P.ohlendorfiana.

“ipis 1 of DCA did not reveal changes in spscies composition as
site shifts along 1%, This was because spscies which increased after
withdrawal of fire oscurrad &t either oxtreme of axis t, exertiny
"puﬁ“ in opposite diractions, {(for sxamples, see appordix a«a.z.‘b,
where spacies sre orderad along axis 1 and the diffarences in species
frequsncy betwesn years are shown}, Cacresses in axis 1 s:p $
generally repreasntey grester incranses in P.natalense and w.alters
and smaller incresses in L.saricas, ¢.africeny snd P.evansiy, us would
ocour in grass-dominatad comminities situated h‘l.q;haii dp the caﬁ‘;hg:ant
ridges. Increases in axis 1 represent the opposite tiend, with a '

14

graatur incraass in !.sericea "swaying’ tha balance”. o
H e

o L

(b X i)
\\\_-'; .,:,"/}‘ : . o

0o .
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Conclusions
rhar_t have baun few marked ovarall vagataﬁ& changss in C 1X
transects since 0. ;. The most pronouncad changes have involved

L.sericsa’s 1nvasion and T.triandra’s decline. Species rasporses afier
~withdrawal of Firi were varied, many spicies raacting to different

site comiitions in differant ways. Only & Tew spacies snowsd

consistant patterns of change irraspactive of site differences. The o
datails of succeswion at » site ware thersfore not pradied, although
soms ganaral trends wers discernsble., e

5K

R . o - 3
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CHAPTER 4

WOODRY PLANT POPUILATION
CHANGES TN C XX

4.1. INTRODUCTTION

The mati &im of vhis chapter is to provide & batter insight into
the patterns and processes of woody vegetation changes in C IX.
Bacause time did nol parmit experimentation (¢ detarmine the iife
history characiaristics of spscies whicn infiuencs thair distribution
and abundan:: during woody stand development, a mars opportunistic
approach w:i: adopted instead.

 The most cbvious veagetaticr: changes since witihwirawal of fire from
C IX, had involved the woody siecies Philippia evansii and Leucosidea
serices (Granger 1976}, In 1953, these species wars resiricted to
areas about watarcourses, as shown in fig 4.1.1, By 1973, both had
spraad their populations onto the flat lowaer arpsas of tha catchmont.
In addition, P.evaiis?ihad advanced on the steep south facing slopes,
while L.serices had spread through the moist areas around strasm

origing (fig 4.1.2.) ;

~ Such charges wers previously observed elsewhere in the Cathedral
Paak area, and had lad Kitiick (1963) to proposs that without
recurrent burning, P.evansi? (alonyg with other fynbos spacies such as
Passerina Filiformis and Widdr:rgtonia dracomontans), would form the
dominsnt vegetation type in subalpine regions 1ike ¢ IX, with
L.suricea formieg a parsistent shrubland in moist places.

4l

Granger (1978) had a differmnt 1dea of what would happen. He
hypothesized that the L.serices would eventually dorinate rast of ©

- IX, replacing P.avansii shrubland and invading Miscanthus capsnse

grassTand, Preridium aquilimm veld, and to some extent Themeda
triandra and other grassiand areas. He thought later succssaional
(forest and forest pracursor’ spacies would be restricted to moist
areas, where localized patches of I.sericesscrub forest wouid
develop. Thase pravious postulations sboul woody piant succession in G
J

.2 3
{4
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IX had basn largaly fres of svidenca of how or why thase woody speciss
should come 1o domirate C IX,

Tha approach taken in this study vas to make use of 5m? woody
plots from 1973 (Granger 1986) dénd surveys of additiona’ wooded sites.
The avqral! aims wars then *

1, a) use available information from present and past surveys {in
1963 and 1373} to determine "qualitative” changes 1o the dominant
vegetation of woody plats since 1953, and

1. b) determine the overall amvunt and type of woody popuiation
changes that had occurred in the resurveyed H\oks since 1973; and
finally to

2. use data on the esxiating (1986) stand height--class utructures
and Gpecies compositions to identify the patcerns of seedliing
recruitment, plant growth and mnrtality that ococur during woody stand
devalopmant. The woody population patterns wers used wherae possibls to
drav 1uferan=as about processes of woody vegetation change in ¢ IX,
(og Watt 1947, Smith and Goodman 1987), and to pradict future changes.

To aid in mesting Lhe ovarall aims of this chapter, a number of
guastinas and hypotheses were posed, which axsmined specific sspects
of the woody populations. Firstly, hypotheses about the patterns of
P.avansii and L.sericea sesdiing recruitmsnt (developed from field
ohservarions) ware avaluated: Thess were that

_a) L.ssrices recruitment in soms grassland areas is "facilitatad”
(hy some unknown mechanism) in stands of P.evansi{ which are aenescing
and winere the biomass .of the grass 1dyer 13 reducad; and |

! : . i
b} convarsely, P.evardi’ soadling racruiiment decreasss in such
shands,
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Despita being weefuli for tdentifying overail shange, ths ICA
alone couta aot siarify tra neturs of changes. hg rdetailed spproach
of testing indtvigual spaciss in each vagetitior group for Frequeaty
changs conld., Yok <57 7 Danefit of OCA, wax thal pstiesns °F changsn in
an individua?! spe.- 23is1d e related back to the me’r woetstioe
gradienis identifimi in chagter 2. 1o hindeight, the ne of the © /%
only data to der--ming confidence intervals far comunity scors
changes was aot ;..3t1flec’, and the joint 1971 (986 data shouid have
been veald Lo give mors accurate rasulis, Altwriative sethods of
dascribing overyll change may have haen mors gens:iive to chamges, but
also have thair limttations (ey using "weightings” Fiom tha basei na
{1973} data on subsequant data (1986); «r by wiing the spaclas x Lime
corrplation matrices for each community {stand: in Principia
Components Analysls (see Swaine and Graig-Smith 1980))

fratterns of species freguency rhangv within vngetation
yr.oups and comnunities

bPatterns ad trends of change within ore type of vegetation wets
pastially obs¢urad by varfations in the diraction of changes 2.1 the

‘species concarned. Divergence in species compositian and apundimca had

takan niacs.

There wers however some genaral patte:ns of species chaitge in the
catchmant., opacles showing the most cungistant directions of ghanga ~
no macter wha, raﬁﬂunity they occurrad i -~ were those which changed
tiw most in ftequuncy\ (T, trizmdra, D.Filifolius, P.quadripinnata,
&.serfcm\, P.natelense, i, aurec-nitens, snd 5.amplectens).

favery] patteris of chaugs 1n veqetsti .. groups partiy retlected
Tndivigual l=ii¢ species responses to the influsnce of soil moistura
énd depth, Some spacies which showed a “prefarence’ for relatively
drier, shallowat solis higher up 1t the catchment bocame incressingly |
restriﬁtedntu thesa sites (D.Fi¥ifoivus, T.Lriandra, acd H.contortus),
while othars increased their firesancs there (R.aitera, and Lo soms
axtent A.semialzta).

a
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Species prefarring intermed.ats conditions of modisturs, soi?l
depth and altitude also showed some pattserr co their changes. Somy
st {fted their distribatica . om drier to more moist areas
{4, sppendciulatus, A.semr2iats, S.bupicvroides, F.caprina), whiie
H. falx {and passibly R, Tuuwigfi) spread from aress with older
L.serices stundy, both to more moist areas with younger L.sericea, and
to drier, higher s1€itude sites. Poacuylimm, M.capense and O.africana
gucurring on more moist sites with mature L.serices also deciined,
while M, umbraceiigarum incigased in such arey .

Floriatic chande

Floristis chingo since 1973 has been siow in most communities of
€ IX. *lais sugges & tiar 50 far no species will have beer lost from G
IX. Soma nf the graatest turnovers had ogscurred in P, aguilinum areas,
wirich ware also characterized by a decline in soms grass species
(T trisr. o1, A.appendicuiatus. A.semialata), ang an increase in many
forg: (83 Hhumiscaculigerum, S.isatidens, R. ludwigii, but not
Apunatacd: and selncted gtacses (eg H.falx, H.iergidulum, ", copense);
and sometimes the invasion of L.servcea, tven within these greas, the
changas varied depending on the communi. les’ Tocations. The ridge top
communities with greater spasies turnovars also showad variation in
the neturs of their change, with increases in R.alters and M. aureo~
artens boing the only consistent changes. Rivarine communitias ware
tha most stable,

Predictions of henge from Granger (1986)

Unpredicted spacies deciines and increases occurred in € IX, end
dringer’s hypothesized pathways of change ware not always
identifiabie. Besides the general differences mentloned in the
results, some avents at specific sites involving obher spnties, were
not pradiciad (see appendix 3.2.3 for Granger's full pradictians)i

Ly

L.sarf&%a did not inurease at stisam bank sites (eg fi.Q), and

Morxmueliera macowsnii {(previsusly Danthonia mc&wanﬁ) parsisted. In

the viei araa at T4.8 which was ¢aninated by P.acuilinum 1n 1973, thia
- spacies daclined while A, appendiculatus pevrsisted. snd L.serices beran

(e i S B

e ‘5 . Lo b
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invading., On motst flat P aqui7inue and M Capense arens, L.3ericea
invaded directiy without P.evans? 7's presunce {ihis was sugussted by
Grangar and Killick}.

On the conl south and easy aspects wish daeper suil, the details
of ncrhbal change veried from Grangsr's pradictions. From examining
T2.9 and T1.4, T.triandra snd A, appe:Jiculatus did not repiace
E.nuticus and A,semialata, * . T.triandrs, A.sppendiculatus and
somat imes A. sesYalata, dec' ad, while aither A, falx (72.5) or
H.turgidulom (17.4) incraased. Although 2. aguilireem invaded in T2.9,
it was still fofrequent, and P.evansii apd L.serican invadsd the
grassiand directiy without ihy initial intlusice of bracken. in 77.4
whara bracken was dominant, no increose Gince 1973 wes Jdetestad in
these woody spacies, P, quadripinpaty and R. Juowigii did increas=, but
ot in the predicied seqience.

Ruchanroedera Totenonoides did not deciipe as much as Granger
pradi ted it would in the absence of fire. Finally on shallow soils,
T.trisndra did wot rapiace D.Fflifolius; rather R.alters, H'.”fai'x and
A.semialafa aid,

!I
Othar m“udicticna

Evarson \1985) suggested that 7.triandra, M.contortus and
f.spicatus decraase with tims aftar fire, while 4.sewislata,
7. ?auaa”."hrix and H.fa'x increase. Although predictions about
", trmrdra_(dccreasaj, A.somialata (relative increase) and H.falx weru
verified in 3.3.3, additional vaatures of some grass species chnngﬁs
through time wars svident in other resulls. Although A.semialata
incraasad relative to T.:irfandra as predictad, it decrwased overall
(sen 3.3.2.1), @ faeﬁtum shown in Evarson’s work but not discusssd.
T, lsucothrix slso unoxgactedly decrassed, while 7, spicatus remained
um.canged, and did not decrease as suggestat, hut Heteropoyon

contortus did, | ‘
n
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Figura 4.1,1. Nap of C IX showing the distribution of P.evansii and
L.sericea in 1953, after 7 years of partial withdrawal of fire (Froa
Killick 1943},
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Figure 4.1.2. Maps of £ IX shomsng the distributicn of Poevansis i) awd |
Leserices (B} in 1973, 8 yeary atiwr total fire protection (and 29 yeers
afver partial withdrseal =4 fire),
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Sltundly,trtgarding Tater successional spacies ang their
ralationship wi.n current canopy dominants {"picnesr woodies” such as -

'L sorices, or other speciss which sxisted i: € IX befors and soon

afteir withdrawel of firs), thess questions were posed:

" a) what 1s the potential of later successional species to replace
L.sericea canopy plants? : _

b} What is lL.serjced’s poient!a1 to be salf-replacing and remain

-dominent in the cloced~canopy situations which occur later in

siiccass fon?

¢} Mare generally, whers, and under what canditions of woody
stand age, canopy species compomition and structurs are ?atnr
sugcessinna] apaciea 11kaly to succeed in & IX?

Bur1hg thase investigations, the apportunity”aas taken 1o sesk
evidence for or against xil&ick's and Granger’s hypothesss,

ol

W L AR iﬂ?ﬂ%ﬁﬂﬁ
4,.2.1 OHMries !R THE DOMINANT YEGETATION CF ¥OODY PLOTS BINCE 13K3

]

identitication of the main vegetaiion changes since 1953 allowed
the woody stands to be roughly aged for Jater use. Woody p1bb'
positiohs in € IX are shown in fig 4.2.1, and described 1in 4.2.2 and
4.2.3. The dominant vey. ' present in the plots in 1953, 1973 and
1686 was determined from o “ |

a) Ki?lick's 1953 vegetation map of € IX and hie fleid notes,
g1vun in Granger (1978). '

b) Grangar’s 1973 map and transect data, and 1§}3 woody plat data
{in the case of rasurvayed plots): and

¢) 1988 transsct and woody plst data fb* resurveyad and

ndditiunai plots {sse 4,2.1 for a duscrintian‘bf additional plots).
cn
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The main trends of woody stand change ware identifiad from
diagrams of each saries of plota in the thres ysars.

42,2 OFNERALL TRENDS CF DENSTTY anh SEAN heIGHT CHAWGE 3IMCL 1873

The only woody plot date avaiiable from 1973 wars o ihe
densitias and mean haights of apeciss in each plot. Quantitative
descriptions of woody piot changes wers therefore confined to these
varigbles, "

Fisld techniguas

The Sx8a'woody plots surveyed in 1973 were re-located where
nasaiblo}fron information provided by dranger {19781, Rucause 29 did
not. actually marx the plot positions thars was .- ™ srror associsted
with the resurvey moasurements. The following plots from 1973 wers
rezurveyed: transect 1, plota 1 to 14; transect 2, plots 1 to 24;
transect 8 plots 1 tu 5, and 7 to 10; end transect 7, pioti 1 to 9.
Thess plots ware contiguous except in T8 top saction, where the in-
iutwaen pipts ware also surveyed {plots 11" and 12°), and 77, whers
plot fﬂiaa not relocatad But plot i* was surveyed instead. Other piots
surveyso in 1973 wera 1eft out, oecause sither their positions were
not recorded by Granger (transsct 4, transect 5}, or their positions
could not be at 311 sccurataly relocated (transsct 7, plots 10 to i6;
transect 2 pilots 24 to 26; transact 1, plots 15 to 25).

Within sash plot, the height and speciss of wach woody plant

© taller than 3om wax recotded. Plants smaller than Scm ware not

fnchu'ed hecause a) {.sericea produced copious seediings, most of
which died hefore 3-5 Jeayss had been produced. wian they were still
<fom tall; and b), P.evansiy seedlings smaliler than 5Scm were extromely
difficuit to find in the thick sward - none were found in the 4 plots
sexrchad. Although nol statad *n his thusis, it seems svident from Lhe
density/ nean height data that Granger dis not count s& Tingx Jelgw
tem t&ld,

87
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Pata analysis AR

-

To test whether the mean hdight or density of the (. serices rnd
P.evansti in & group of plots had changed significantly since 1973, o
the Mann-whitney U test was used. The groups of piots wers based on "
transacts and the dominant vegstation within transects (swa 4.2.1.).

Heceuse forest priyursor &) forest (later successtonal) spacies
ware sti17 rare n 1973, any increass 1n abundance was 3o obvicus’ that™
no staristical tes. was required.

4.2.3 LOCAL THANGES IN WODOY SPECIES DENSITIES ; AN WWE POELFX( (1DBG) HEIMT CLASS

STRUCIURE OF W0ODY PLOTS
o
Variatfons in direction and extent of densafity changes in“thw
resurveyed woody plots were tdentified, by dascrining th&"ldcnttonl of
"changes” along a series of piots. Ho statistical tests of the

diffarences in spacies dansities n individual plots from 1973 and.
1386 wars possible. .

P

o . !

To describs the prasent (1986) vartibal structurs of all the
wocily piots, tho.spogjds height-class fraquancy distributtons of the
resurveysd and 37 sdditional plots were graphed.

et L

The. additional plot positinng were dusigned to provids a caﬂtfast
to existing plats and to test hypothases outlined in 4. 2.4, and nof to’

‘provide & full record of woody changes throughout ¢ IX. They wers °

situated as Tollows:

Seven contiguous pints were placed in the north west of C IX

 {henceforth referrad to as the NW plots), within a clump of L.serrcua

bushas that had oxiatad at least since 10?3.

Thres groups of lii(lht'. sontiguous plots (plots 4, B and CJ wars
situated on the south facing slope of & 1X, in the proximity cf " ﬂ
transect 2 and transect &, in varying abdd stands of P.evansii.

: © o : 0
8ix plots were situnted 20m €rom the end of transect 7 {77 Zop
plota), in & mixed age stand of P.avansiy.

—
v .
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. Tha height-classes used in this apcti&n and in 4.2.4, were as
\\*unm plants & to 49cm tall (<5G} wers classed as seed!ings; olants
suer ty 605 Xx1Y (150 wers .I&LQH as amall plants; plants 151cm

250cm tall (<250) were middie-yized, and plants grtutar " oan 250cm
'>250) were {11 plsnt, or senescing plants in the casa of F.aevansti,
These haignt-classes rore chann ts roveal thy Min “tifa a..agen of
the woody specids. Planis Jass than S0cm tall were wmul)y '
aproduct,iuly ismature: In a survoy of 90 P.cvansiy plants, ;)H those
»80cm were in flower. While 9 out of 1) plants butwe (&7 and BCcm
tall ware flowsring, all 37 plants<S%cm talliwera wi i1 7 owers,
Altthuugh no survey was made, L.sericea was thought to show similer
pattarns of flowering (Smith, pers com). Small and mic -le-sized plants
of all spesiias wars considered reproductiyely mturn, while tall
planks of P.evansii were sanascing. “~ali Lants of L.serices and nt.heﬁ")
species wera conyidered &s oxert.ing t.hg}%r_ “mﬂuonc:c as canopy plants.

4.2.4  DaTINS OF RECRIITAERT, GAONTN ANG WORTRCYTY OF L.SERILEA, P.EVANSIE Mo
L4TER SULGESEIONR, SPECIES MASHIN WOOBY PLOGS

This uctinn attemptaed to tdentifv. the ptttaml of woody piant

- aeadling recruitment, growth and mortality that occurr‘d during the

developmant of stands of woodv nlants. To do this, the raiationships
b-tmn the locations of diffc. ent densities of seadlings, -amall,
middle~sized, tall and desd plants of d'lffarin: spacias wars '

investigatad, ﬂrsnmmry svaiuatiaons were mada of the hypothasas
Y

ceriyved from observalicus during fisid work, using a subsample o’ 247

plois (5he A, B and C plots). The hrpotﬁcsgg were specifisd as
fallows:

In grassland on tha south-facing slops of ¢ IX,

/F\

0

1) i:3arices sesdling density is positively correisted with dead’ '

ami sm;eing P.evansii dansity, and nspatively correiated u'l{,;*il__gra‘is
bionesy and P.svans!i cenopy cover, arnd o

,} P.avansii *.*'.udlina dtnri*v is positivaly corralated with grass
hiomass and carinpy cover, and mrtivﬂy corralated with dead '
P.avansﬁ density). )

v

1
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L.serices seddlings was investigatsd in 4.2.3. The ground-projectad
canopy aress of all canapy plants, sxcept Protea species’, were

& .imjted ¥ om canopy dismetars measured in two directions. Protes
plnnts\lhad sither aparse and disrnntimtoul canopies, or nore, having
recent 'y died. An average canopy cover of 7.07w' was presumed for
thaue plants. '

The locations of the semple troes are shown In fig 4.3.6. Sampie
sizes were a3 follows: For L.serices thicket, 10 placts; for scattersd
L.serices, T plants; for Individunl L.serices among P.equilimm, 10 -~
plants, for the east ridge Protos, 12 plants. = M

nody plote (4.2.1) with arous of closed woody canopy wers also
usad to provide adgitlona'l astimates of forest and precursor species
ssedling denaities under canopies.

Date analysis

The maant densitias of under-canopy species wera caicuisted as;
and!'ing denaity = total no, of sesdiings for Lhtt ‘species
total arax sampled

Qﬁostion:s on aspects of L, saricea, precursor or forse® seesdling
¢ stribution weie analysed as-fol Tows.

(J

a) To mtamim the probuhihittaﬁ of “later’ s;m;ioa nod!lngs
~nlacing L.serices canop: plants on their death, difrerances in thl
-atid> of L.serices to later spacies aoodeas wera axaninsd. The
survival baneath L, verices canoples, of a highar density of 1fown
mediings than precursur or forest seedlings, impllad *hat there was a

' greater chance.of L.sericea continuing to domipata that site. A higher

dangity of fores or foragt pracursar sesdlings, impliad chat one of
these plants has & grestur chance of becoming & canopy dominant (giwn
that "L.ssrices and nthc{' spaciss have squal suﬂhnu { >5~.n) aurviui

rates},
N

-t

-t
..‘_’

¢

3

b) To see if L.sericea’s rocmimnt. rlta wWas mintuined during
utund development, (and therefors whcthor inis. species wis potentiafly
salf-replacing m £losed rnnnpy situations and ahﬂt to repin dominant
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Fiald technigues . o

in all jesurvayed and additional {4.2.3) Llots, the haight and
species of anch plant was  -crded. Datu on other aspeyts of siand
structure ware obtainad in s.  areas: Plang busa?{ﬁ?f:umfarancas at
2ocm (far tﬁbb& Yants grester Lose Sem in circumference, and deed
F.avensil) wers (sasured in the 4, B and € plots ang the NE prots.
The cnnnﬁy arsas of planty in tha A, 8 ang C platy warn measured {by
recording the canopy dismeters n two Jimensiong ab cight nqgins-ta
each other). The grass hiomass present in each of the A, 8 ead C plots
was sstmatad, by harvuooing all Yiva biomass 1a four G.16Tw circular
samoie arap” in aach plol feversor 1983, The samples were oven dried
at 80¢ { for two aavs avd tlen watgnél. The mean dry naight uf the 4
samples provided sn asfiwate of .grass biomiss for wach plot, Canony
covar asd ast imated gras % biomass are glivar 1n $.2.4.

Deea analysin
Rateusimant

o cdennafy the carrelavion beteesn the Jensity of a spesies’
sgedlings (<50cm tall) and the dens%ﬁ# of other Qbeuieséneight~clasﬂas
in the lots. the log (x + 0.1) transfarvec. oata frow 411 woidy pfotsr,
waire 3ubiact 10 the erploratary data techniquas of correlation ind _'}
partiatl correlatoh naiysis. The ing {x + .1} transformation wae"
used to obtain data suftatle for use lo muitivaricta analy.’s: a!tar
“fransfonnln; the date, the distribution of rasiduals of mu1t1;:ﬁ
vingl argsion anslyses ware found nobl to depart greatly from {ihe
assumptions of ) nerma ity disbributed dats.

Once pnssihﬁa relationsiipg ;otuaan the pluy varfnh1es'had baen
tdmtified, iy wera firiner ﬁhﬁﬂaufﬂr"ﬂd using multiple -aqress:uq
and additive elements analysis (whﬂitaker 1984), AddH:dve a1aments
aids in the fntorcretation of fitted statisticn) medals, such as the p
gsnara11’ad Iiraa. modal, by full part3tin~1nq af the muximised ing- :
1sklihaad ratdo vest statistic (affactively the residua’ sums of '
suadras} o addit fve alaments. Lnithke stepwite multiple rograsssion,
which produces diffarent o 23ion squations depending on the ocder

“in which tha variables are antecad, 1 15 effeotive 1o selncting from
a\hambﬂr i pods'bly varishies, those witih tha grestes. explanatory
pouar T1. #1sc accounty for co~linearity of varishles, a common ™
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Vo
‘Featura of biological dats. The reliabitity of the explanatory power

of variabies was alsy teated, whare nacessary, using ridge traces,

For A, & and 0 plots, data on grassz biomass and O evansi¥ canopy
cover were inciuded in a separatw analysis, {o test the above-
ment ioned hvpothases.,

[
Spgigtion Jiowth and wgroality

£stimates of tha distribubion of ».evansii nortaiities amons
dis‘orant 3ize ¢lasses ware made, 2nd comparsd beaiwsen stands Pf
diffarent ayes (ss deduced f7om maps, 473 aerial rhctnqraphs)hnd tho
stand cir(umtaronce and haight-class structura), the rs?atiuﬁéﬁip
hatwaan F.evensy ' pasal circumfersnce and plant height was described,

Patbterns of 1. vericea gravth and mortality were dadhced from
stiapd harght class strocturas. Furthar data on sesdiing martaiity-
pattarns were obtained from frequencivs of different sized seedlings
in the vacinity of *parent' plants in various locaiities. '

Bacauaa_?atar syctassiongl spacies of taller size-cliaTses wars
not yet abundant 4o ¢ IX, few quantitativ - descriptions could ba made.
Duscript ions uf observed frerds ware yiven hare possibla,

4,25, FERVIANT PHITERNS OF L SERICEA, ICAFS! RLCUPSOR AND FOPEST SPELTSS SEEDG ‘H3s
BENEAZH EINCTY DLANTS - . !

fhe amall sanple sizes fn this seviion precludid rigorous testing
uf the uhearved differances in seadling densities, huft allowsd the
a;am1nat1an of 30ma Yeaturas of tha spatial patterns of seedling
Qacruitmont_which wolrid ravaal.passible successionsi trands.

Field techniques

A survey was mads of the woody spacies groming under the
cantpies of a sampla of “canopy” tree wrowing i € IX. Canopy plants
which had woody . isnts o9 precaraar snd forest sphstas growing bereatn

“ them were of the following species: f.3ericea, Phamius prunoices,

Protes caffra ang F.roupellise, end Buddleia salviifolya. Evidence
from 4.2.4 showe. that P.esansii did not actively influence the
recruitment of farest. or pracursor species. and its influence on
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fn ¢ IX during later succession), diffsrences in L.sericea sesdling
density during stages of L.serfces stand development wers tested in a
Kruskal-Wallis one-way ANOYA. The stages of stand developmant wers
from shrubs scattered in grassiand aress, to individual shrubs more
closely spaced in & P.aquilinum arss, to clossd canopy L.serycea
thicket or scrubland {data from the scattered [.serices, the [.saricea
thicket, the indivigual L.serices and Y1 (5 plots), respectively),

¢} Tu determine vhers latsr successionsl splcins“'arn 1ikely to
succesd in C IX, areas with Qiffarent dominant conopy specles were
sxamined for differences in the density and diversity of later
successfone] >peciag.

4.3 RESULTS
4.3.1 CONMES I THE DOKIMANT VEGEIATION GF YOO PLOTS STNCE 1953

Fig 43,9 shows the groups of woody plots and their dominant
vagatation in the three ynrs, 1953, 1973 and 1988,

Granger’s woody p'!ots ;mf bnn placed in areas of tal hr existina
woudy plants, so that his Samples ware rastricted to the lcmr south
Ishpn of © IX and areas sbout the streams, and did rot reprasent. the

“ whola of € IX. the additionz) piots inctade soma situ which wars not
‘woodsd in 1973, | \

LY

There wera four main sequinces of .hange: The first invoivad’

' gfass?and ATRAS ahpvc the mair? stream in C 1X {sew map of plat

positions in fg 4.2, 1), ubare P.ovansii (and somatimes P, aquilinum

invaded apd graw 1o I'producl mazure stands, wnich ware then tnvaded by

vL.surices. 847G subsequently forest and, forest precursor species: The.
Jecond sequence invaivnd Ffscantf'us clmsl dmine*ed arsas where

L. nn::da invaded, with or witheut v.amwf i hﬂng prasent. “Later”
sucu{{saionu spacias then appearsd. The thi;d equancs involved thn
diredt invasion of Theweds grasslands by L.sarices, snd then later
successional spacius, The fourth sequence occurred on the stewp barks

" sbove streams, whera L.sericea axisted before 1953 {ses fig 4.1.1),
- and continued to dominate, nlthough sume Tates mccnﬂma! woady

p!mts apwaroﬁ. ustimtas of stand agu are givcn tee appcndu 4.3.1.

a
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4.3,2 OCERNLL TRENDS OF DENGITY MD WEAK HEIRHT CHANGE SIWCE 1973
4.3.2.1 Changes in ovarall densitise

L.sericea increased sijpnificantly in overslt density in T 1, T 2
bottom and top ares, and T 6 top aras (P>= 2 are 0.028, 0,005, 0.013
respactivalyy. P.avansii showed no signiticant overali changes in
gensity in apy.of the araas. R.suits of Qeurs4hit- 1y U t-sts ara given
in appendik 4.3.2 a) and 4.3.2 b). §

4.3.2.2. Changas in overall mean numghfs of spscies In
. woody stands .

In T 1, and the T 2 hottom ares, the 4,serices stands dacrsased
in overall maan haight (P>= Z are 0.815 and 0.018 rnéﬁact1v¢1y). ;n
other areas, thars were np signifreant changes, P.svansi! showsd no
nienificunt chances in ovarall aﬁand‘ 1ght, sxcept for a marginy]
inchwees in the T 8 toi arsa (P>z-7,0.051). Results of Mann-Whitney U
tntts lro given ‘n appendix 4.3 } ¢) and 4.3.2 d).

F

4,.3.3 LOCAL FARRIES IN £000Y $PECLFS BE!SI‘!ES, ARD: THE HESEEIT {1900) HEIGHT LlaSS ~
STﬂlIbTHEE OF w600y #.018

&

Fig 4.3.3.1 to fig 4.3.3.4 show thi denaitiss of woodv plants in
1973 and 1988 1n the resurveyed woody plots; fig 4.3.3.5 to fig
4,3.3.11 show the hutght~glugs airucturaa"of the resurveyed snd
additional plots. Descriptions of height and dnns1ty changes, and of
1984 plot hlight-;Tass stiuctures are givoqlin appendix 4.3.1, |

Changes in the dansities of species other than the two pionesr
woody onas are given In table 4.3.3. Riamnus prunofdbs has increassd
the most, with, Rhua dentate and ainspvwos austro-af?fcana next. Cuunta
of Juddieia sa?viifh?it may be 1naccurats: In transect 1 this snecins
produced new sprouta vagatatively, nid individuals could niet be

separated. 1986 counts in plots 33 and 14 4nvalvad plants taller then

tm only. Nevertheless B.salviffolla did aob appear to decreasa in

wpvcrall density in transect 1, but rather. qprnad to piot 12 dnd plot 7

Chnn fig‘i.& 2.13.

“ W

@

84



Table 4.3.3 Densities (no. per tranucl:} in 1973 and 1888 of '!uter _
successipnal amiu in resurveved plots tn ¢ IX.

e

SPECIES YEAR ' " T2 1
Rhasnus grunoides - '15 1 0 0
’ 85 20 0 24
D.austro-africans 13 8 -0 g
: 3. 24 5 11
 Rhus dentata g . 0 2 0
| cras b 18 1 4
Euclea notalense 13 0 0 0
) ‘88 [ 9 1
calpurnia spp, ' ’?3 . o1 G- 9
86 <0 0 0
Halleria lucide 73 o 4 0 0
» '88’ a 3 ; 0 u
Hatsromorpha ' ' .
trifoliata 13 0 0 o
*88 2 0 0

‘Scolopia mundt it 73 0 0 0.

- ] - 1 0 6Ny,
. . 7 Z7

" D.whytsana 13 LI g 0
£.U 10 0

e - Yt 4

© 4.3.4  PKITEWS OF RECRUITHENT , CROWYH AMB MORTALITY OF L.SERICEA, P, EVANSII AN
- LATER SUCCESSIONAL SPECIES IN MOODY ALOTS

The results of carralation analysis of the logio height-class

'danaitios of 211 the plots is presented in sppendix 4.3.4.1,, and for

the A, a, and C areas in appendin 4.3. #.2.

4.3 4 1 L.avricon ~aud1ing racruitment
LA, HH piats

" From a1l 4he woody plot cata, it aJ\L found that L.seifces
seed]ing density was positively corralated with the denwity of dead r
P.avanst! and sanescing plants (Pa»250cm), and nqgttivlly corralated
with ssall P.svansii {(Fe<is0cm), It was also pasitivaly;horrniatnd
with the density of L. serices plants of <160cm and <250cm (appendix
4.3.4.1) - . . ' &
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Altogether thase five variabiss sccounted for 81.88% of the
vartation in L.serices reediing dengity. Additive slaments snalysis
howaver, indicated that none of ”thm had any great unigua sxplanatory
powar {table 4.3.4.1.1.). In fact, ths sum of variation untquely |
accounted for was just 23,398%, thersfore most of the modal’s
variation {38.491X) wvas shared in some way batween the Tive.
Nevertheisss, usiug & ridge Lrace it was shown that with the exception
of 11250, the variables neld their sxplanstory power through changes
in theta, c':nff‘lfiﬁ\g the above ralationships and i’am.ttfyjnn them 48
suitatle for 1nc’iusmn in the model uxp'lt'ln‘lrj L, saricsa seediing
density. . ' '

Table 4.3.4.1.1, Parcentaje of the total variation in L,serycte

Mhng dona.ity (Lss) accounted Tor unltguely bs each of five
pr?anatory variables.

punp— PRF—

EXPLAMATORY VARIABLE PRIMARY ELEMENIS:S nf' variation
in La<s0 uriqualy oxplninﬂ

nud P.mvarsit o 5.152
Senesciny P, lvmsgf . o 2.458
Smail P, evansii , 5.236
Middle 3:vsd L, sarices o V.594(N.8)
Small L. -aricea _ 8,955
MODEL: . 8 8BT% of totﬂ\\varution

L__

- : - 'B -

Th’rn 1% no évidence here that, in gesheral, sud!insldmsitiu
are lowar in areas with tall L.serices’s (closad canopy shrubiand).
Neverthalass, [.xericea seadling recruitmant heneafh 1ts OWht canopy
investigated in 4.3, 5. )

' ‘ila‘i‘lgo A' g ‘“ﬁ c ﬁiﬂt‘ &

The correlation matrix of dats from zreas A, 8, and C indicated
that L.sericea soaadling density was correlated posxitively with that of
de-vd P.avansil and regatively with that of small ones {Pe<150cm).
How:var, because P, evansif cenopy cover and the deh:ities of small sid
middia 3ized P.evansiyi were all inter-sorretated, partial correlation
shalysis was used to determine which of the thrss to include in the
nodel nxphining L. serices sesdling density. 3mall P.avansii (F1150)
was thl ‘wost highly carrplata with L.serices seedling density and
with stand canopy cover, so it waz chiosen to include in the regrassion
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wodel. P1150 ould be substituted by either of the other twh.

» variables, with only 2 small loss in axplanztory pows?,

The contribution of dead and smaill P.evanafyf to thin variattion in |

i .s0rfcea seedling density is given in tabiv 4.3.4.1.2. The smount of

variation in L.serices seedling density (73.24%) accounted ¥for was
Targe. The lack of either variable having a large unique expianatory
power indicated that tiare was colirearity betwasn them, is they had °
the same ralationship to L.serfcea sesdiing dinsity ~ they could bo
substituted for sach other. Dead P.evansii hwwur, had the Inrgtst
un'lquo contribution, ‘ang could more reasonably be used {n “sxplaining” "
{.s9ricer seedling density. N

Table 4.3.4.1.2. Additive $lsmeits obtained when régrefsing dead
P.evansii, small P.evansil and grass biomass on L.sericas seudting

density.

Source of vartation 48 : % of variastion
Residusi 33.73 26.76%
MODEL 92,31 73.24%
Primary slements (UNIQUE):

Dead P.avansiy 16.77 : 15.20%

small P.ovans’ti 4,82 8.48%
Sscondary eiemanis (SHARED): i

tead/small £ evansi! 63.20 - ) A%, 58%

TOTAL

126.04 100%

From this analysis, it s avident thet L.sericas seadling density
increases as the density of dead A.evansif increasss,

4,2,4.2, P.evansii seadling recruitment
43401, A plets '

i .
- The corrslation mairix showe that P.evansii seadling densitisa
were positively aorrﬂated with simall ‘and middle s12ed P, avansi’.
Howevar, only 31,12% cf tha variation in, P. svans i saldhns density in

-l the plots was accountad for by thase two varishlss - 1E.88% by

ssall Re, 1.68% by middle-sized P.a ~ and 13.77% is shared. Of the .
vartables examined, small F.pvansii cmaaitv. ar @ cnn?btmt ion of the
tvo size classes (plants of %0 to 260cm tall), would provide the best

o
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T - e A el e Al

"explanation” of P.evanait’ seedling censity, but clsarly cthar factors
not studisd hars were_slso determining seedling densities.

(5]

L.4.222, A, Band £ plots

¢ P.avansii seadling density in the A, B and C plots was correlated
pos tively with grass biomass and the density of amell P.avanzif, and
regatively with the density of dead ones {appendix 4.3.4.2). Elements
of the sums of squarzs of the regresaiog of these to variables on
P.evansi! seedling density ars in table 4.3.4.2.2. GrasZ’biomass had
the greatest primary slemeat and 5a smallasi secondary slament,
identifying it as a variable wit: ‘he oSt sxplanstory power.
Colinearity hetwesn dead and smail P.evsns?’ was shown by their largs
secondary element; and only one could be used.in the regrassion model,
The best choice was small P.evansti which had & soull secondary
element with grass bimss. and thersfors had some additions) effect
U u. sxplanatory pmr) ol P, evensii asedling dtnnity.

ragrusum of 1099«! dead, and ssall, P, ovansﬁ on P.avansii gaedling
density.

Sourca of >S$ % of variation
vartation _ _ .

MODEL - 28.08 44.5%

Residual 35,02 55.5%

PRIMARY ELEWENTS (unique)

Dead A.avansi. 1.74 2.78%

" Small P.evansii 2.58 i.18%
grass biomass = . 4.92  7.04x%

 SECONDARY ELEMENT (shered)

Dead/smsl] P evansit 9.7 15.42%
Deagd P.e./gress 5.14 8.15%
"'"”. P.a.{gnn ~1,26 ' ~1,.98%
TERTIARY ELEMENT (shared} . P
dead/mmall F.a./ §.44 | 8.62%
graps siomads \

WAL 83.108 100%

. Ay f "
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4.3.4.8. Forast precurscr and forest upoé?tt ieod!in;
reacruitment

The density of “othar” (forest and pracursor) speciss seedliings
was positively corralated with that of tall L.serfcea {13>250). It was
also positively corrslated with middis-stzed L.sertces density, and
negatively correlated with total P.evansif denaity (appendix 4.3.4.1).
Thase threa \artables accounted for B7.7% of varistion in the danmity
of "othor” apecies: Uniquely, tal) L.sericea accounted for 19.18%,
middle-sized ones 4.76%, and tota) P.evansif density accountad fa-

“4.24%. Tall L.serices shared Just over 1% of che vartation with both

tote} P.evansti density and with middle sized L,serices density. while
only A vary small amcunt was shared batwean thase last two varinhlis
(0.002%}. This impiies that tali L.sericea on its own could bs used to
axpiain most of the modei’s variation (47.9%).

) 4.3.4.4. Growth and mortnlity of P.evanaii during stand
devziopmant

The correlation matrices (appendix 4.3.4.1, 4.3.4.2) showed that
the densities of P.evansi{ sesdlings, small and middle-sized plants
ars corrsiatsd, whereas thass height-classes sie un-corretated witk

E the densities of sanescing and dead P.svansii. From this it was

hypothesized that in ¢ IX, P.evansii stand development procseded in
“phaseg” nf stand initiation, growth and then stand moriality. In some
areas & nev cohurt may hov; been inittated among tha remaining live
[senescing) plants end dead wood of a former stand, resulting in a
plot. height-cisss structure where intermediate helght classes are
missing, and whare the dansities of older plants &re un-correlaced
with those of the naw racruits (sg T2 top area, fig 4.3.2.8). In other
aran: of oid stands, & new "wave of recruftment” would have not yet

occurray (300 fig 4.2 2,11, Ares A). : Lo o

Evidence of thix phasic simid ey
data of tha A, B and C plots. Fig 4.3.4 shous how young e.tands m, B
B) have high densities of smaller plants, lows: censitin. o lnrgurﬁ
plants and a virtual absence of mortalities, which dre confined to
smailer plants. Stands at a later phase of development (Aresx C,

' nxcluding the first plot) have higher densit ias of larger p!unta.ubut

sti11 hava many smz1l plants. Mortality i3 st1l! restricted. The lasf

ok &



10

cnase (Arsa A, Tirs% plc. of Arem C) is characterized by massive stind
mortalition 1n all size-uinases.

This type of stand development ssemed to occur in areas inveded
for uhe First tims by pure 2. evansit. In mixed L.sericea-P.evans1i
scribland whers P.evansi{ po,au‘lntions are older, they appesrad to be
- seif-replacing at low densit.ips, or udwindling at & slov rate (eg 71,
T2 bottom arex).

The reistionekip Latween P.evans?i hmht and base! *|rcm‘mm:s

The relationskip betusen IP).annaH hetght and basal circumfersnce
- fitted & muitiplicative model, r;ircunfemncn =8 x haight. x b. The
corsatation confficinnt was 0{&

1

HESOHT_  CIRCUMFERENGE

50cm est.1.8%cm )
100cm 5.01cm - ' _
150cm 9.08¢n P _ _ 5 \
#00cm 13, 8%cm Rt : I
250cm 19, 2!1:1\ PR : : . Ch
 300¢a 26. 143 ?
/

4.3.4. . Growth and mrtu'l‘lty of L.sericea during stand
developmant

In contrast to P.evanstl, l.serfces stands did not show gudden
mortality at lster stages bf stand deveiopment, but rather & Stlﬁldf '
decrease in the mortality rate as plants graw taller and the stand
th!rﬂhd out. During the survaying of the plots, only four dend plants
(tm <150cm, two >250cm) ware found, all ia transect 1. The vas?
majority of é{nths in L.serices occurred during the nt&b‘iismm
phase of the plants’ life-cyeles. {Counts of sesdlings <50cn tan, _
inctuding those less th n Scm tall, wers made under the canopies of 5
L.sericen bushea. tﬁ--f‘cu_inns t6cm qeourred at an average density of
17.8/m, sbout 30 tii ,ﬁ denser than sead?ings above this stze). Desths
cont.inund o ocour amng mlior plants as the stand ages, resulting
in & L.sericea shrubland wfth a rc'lativ.ly Tow densi%y of tali plénts
which can % quite Tong lived.{a L.serfcea 3rova in ¢ X contnins
_plants older than 40 wars) IIIII '
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4.3.4.8. amth and mortal ity of ister nmmionnl
v epecins

. " .. Excact for 8, u?vﬂ:‘oi!l. fow cmopy piants of later.succossional

sp.ciu ware found in t‘n woody plots. Either nuffieiont time has not
alapsad for tham to grov. ‘or thetr growth hes bsen slowed by under-
canody conditions. Low 11ght would prabably be one: raason. In & ltu_c‘ay
] of the Hshtnrcquirmts of neotropical trea nidlinu (Augspurgar
(] 1984), it'wes found that of fifteen species, nons survived better In
" the shade than 1n the_sun, although shada-tole:anze varied. Ouring
- these survays, no mortalities wers recorded among smalisr later

successional specias, but in c'lb;ad canopy arass about Td.and T1, zome
desd or ‘dying’ Dicspyros austro-sfricans were foand.

4.3.5. RICHITWM DA Of L, GERICEA, FOVNT n":‘cuisa& D FORERY SPECIES SEEDLINGG
BEAFATN CANOPY MLANTE y

4.3.8.1 Tha probabilities bof forest precursor or forest
speciss replecing cancpr L.sericea

The: ratios of later nmuﬁglj_»mul species seediings to L.sericea
scadlings 1n diffarant sged stands wers used to indicate the
probabilities of & L.services being reptaced by & later succesaional
lpocin on its geath, Thep ratios are presented at the snd of tabls
4.1.85. 1 Most stands hnd a ratio aboys or near one, indicating it 'ls
Tika1y that o species other than L.sericea wili ~episce a canopy
L.soricea. Scattered i.sericea and the semi~clossu »eﬂn-.ation of

" transect 7, kottom saction, showsd the reverse ’rlnd L.sorices is
more 1lkely to replace itself in th.u sites. i
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Table 4.3,5.1. Densities of senilings bunesth L.ssriced canopy trees
fn vegetations of different physitgr amy:

11 = transsct i, piota & to 8 ~ closed canop mature leuvcosides
scrubland;

LY = [mucasides thicket, 1) ir.d‘lviduﬂ tie9s in closad canopy maturs
ieucosides scrubisnd;

NWC = North-western bush chm, plots 1 €0 7 ~ clossd canoky mature
Leucosides clump;

TT = transect 7, piols 2 10 7 ~ almost closed canopy mature [sucosides
scrubland; _

ILP = 10 fndividual trees in, open Leucosidea-<teridium veld; i
€L = Scattersd Leucosides inrividuals, 7 treed n MW of C IX and on NE
ridge below the wa' ; :

T2b = transect 2 bottow s .~tion, 8§ ploty - almost closed cancdy
Laucosigea~PhilTpeia scrobiand;

RT = rwmnue prunofdes thicket, 2 piots 'in ciosed canopy Rhamwius—
{aucosidea shrubtand.

P o - 1t o -

71 LT  HWC Tr ILpP St ”b BT
AREA SAMPLED m2: 126 106 175 150 9% 84 150 50

PHYSIOGNONY G F+ o1/ 0 0 t2¢ c

Sendling species
{ <&0cm) Seedlinyg dansity (Ho./m2)
Diospiros :
austro-africana 032 028 .71 .03 .3% .284 026 .02
Rhus dernitata 104 909 vy D007 00T .08
Rinmnus pruncides .032 047 114 127 .074 4. 46
Euclen natniensis 008 03T M «36
calpurnia :
serices 084 069 .01
Hallsria Tucide 084 028 .008
Hataromorpha
trifolinta ,016

Qlinia smarginata § g

Scolopia mundtii 008
Diospyros whyteara 008

Celtis africana ~ L0038 S A
Sum of densities: 12 188 32 134 474 341 032 5.24
Proportion of .

orhar spp. to L.Ssericea _
. sg, llings: 1.28 4.0 1.89 1.43 1.04 0.4t 0.05 8.00

e _—naay. . . ». s " {;I

4.3.5.2. Nifrerences in L.sesicaa recruitment rate
during stand davelopment

The dansities nf L.serices seedlings benesth closed canopy,
L.sarices vegetation were s1gn1f1cant1y 1ass than thosa heneath apan
‘Losaricma vegetation (df = 3; H = -amas, p < .0001). from the
Kruskal-Nallis one-way AHOW« of four areas of L.sericaa vegetation
{two rlpnsant.in_g later Isuccus'loﬂnl closed canopy scrubland and two



reprazenting earlier successionel, opan vegetstion with scattersd

"

L

treasi,

Mean i.serices seodl&ps densities for each sam; o area uﬁr’s us
¥

foillows:

Trarsact 1, 5 plots:
"L.sericea traes tn thicket:
Isolated L.sercas

smong. Pteridium
Scattored L.sericea

in grass:

SEEGLING DENSITY
C.2i8/m -
¢.157/w

.45/ "

0.83/m

»  Mean L.serices seedling dansities fo. othor L.seri¢es areas ware:

CLOSED CANGPY AREAS
M L.serfces clump:
Trangsect 7, § plots:
Rhampus thicket:

SEM1-CLOSED CANOPY AREAS

Transact 2, hottom agction:

. SEEOLING DENSITY

0.17T1/m
0. 113/
Q.08/m¢

0.63/m

4.3.5.3. Densities 5F for~st and forest precursor spacieu
seedlivigs in different arsas of C IX

Tabla ¢.3.5.1 shows the sesdling densitias of forest and forest
pracursor spacies banesth i.sarices canopies, in aress at different
stages of succiﬁsicn and with dif"arent vegetation physiognomies.
L.saricen areat with & closed = opy had higher divarsicins of toress
and p: Rcursor sypeciss seﬁdHngs, but Tnwer total seedling densitias

Jor thase .pecies (no test made). The area with the highast density of |

forest and pracursor spacias was the Rhamius prunoidas thicket, which
had a mixed canopy of this specias and L.sericea. A seadling.of the
forest spacies Pogeocarpus latifollus was found nsar this site.

~An other areas where L.serices uaé infrequent and nol a cancpy
dominant. la..r successional species also occurrad. Roadside verges in
the catchmant, ortginally supp:- ting B.salviifolis, showed the
abundant presence of other spacias (no records taken), mrinly Rismus

e S

U L



g

prunaides, but inctuding Fuclea natalensis, Haytmlus spacies, Olinia
onarginats, Hallaria Jucica and D, sustro-afritena. The mean seedling
denaities of forast and forest pracurso: ssedlings around Protea
traes, and under a Buddlefa sslviffolia cominsted closed canopy arsa
of transect 1, werq higher than any-of tha pravious arass (axcept for
the Rhamnus pruncides thicket ~ ses table 4,3.5.2).

Tabla 4.3.5.2. Mean sesdling densitiss (plants -50cm tall) of Forest

and forest precursor spescies under 12 Protaa tregs bn the tast ridge
of C IX, and in threa closed canopy duddlsia salviifolia dominatad
plots of transect 1, The mean density of all later successional
spacies in these sitas are giv:.n {total mean deinsity)

- - -~ T ek el e bl o

canopy spacins: Protea Euddieia
spp, salviifolia
Seedling species mean Seudling density (No./m2)
Diospyros
austro-africana A12 227
Rhus dentata - 141 04
Rhamnus prunoides 17 ¥g D28
Euclsa natalensis 047 D8
Maytu,us spp. ’
Calpurnia
sericea 587
Halleris lucida 04

Hatsromarpha trifoliata

Oolinia emarginata

Scolopts mundti 012
Diospyros whyteasna

Celtis africans

Rhug tomentoss 012
Rhug lucida 047
Rhus spp. .12

. Total Maan lensity 1.284 1.347

The irends in pracursor d forast speties seedling recruifment
benaath canopias hypothesized from these observatione, wers that

1), areas of vagetations having tha nighast sesdling dans}}tias
and diversitiss nf furest and forest precursor spaciss, are those
whare L.sericea is aithar not dominant or absant,

4
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Figurs ¥.4.1. Haps of C 1) s!tﬂluinq thae distriburion of P.evansii 1) and
L.sorfcea TR) ia 1984, 21 years sfter totel firw protection (an_d 42
years aftar partial withdrawal of fira), :
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2) aites with more avatiabia space and !Iss cﬁﬁpetitinn for light
{eg rosd verges and beneath Protes Spp) providé adwguate conditions,
for precursor and forsst spscies; the presence of a ¢losed canopy 2 se
{ses Frotea 5pp) does not facilitate higher densities of later
succsssional spaties.

4.4 DISCUSSION

The sequence of wbody vegetation change in C IX variad with r
difterent initial dominant vegetation. L.sericea was slower to inveds
Themada. triandra grassland.ﬁraas, but quicker to 1nvadetu?scanthqg
capen: rassiand sreas., Aé;absurvod by KiT¥ick and Granger, boti
F.evansi] and L.serices Tavoursd moister sites and invadad them first,
but clearly the species diffsred 1n thnir raguiremants for ssedliing
establishment and growth, |

Since 1873, P.svansii has continued to invade the moister south
slops of C IX. Stands in the ro-surveyed plots which eatsblished
betors 1973 have shown no overall decrease in density, but within
~ individual plots therd were changes in density resulting in Josal
\ spatial shifts in ﬁpc population (eg. Transects 1 and 2, figs 4331
and 2}, P.evahsif dominance alsa appaardd?to be shifeing, away from
older stands whare L.serfces has increased to become dominant or co-
dominant, tc new sites higtar up on the south stops, a featurs visibie
in fig 4.4.1. '

P.avansi?’s decline in dominanc_ 1n indislly pure P.avansii
atands was partly due to the pattarns of stand deveilcpment exhibited
by thig spsciss, and partly due to the "facilitation” of L.sarfces in
daeclining oldsr stands characturizad“by stand mortality. A mono-
specific stand where P.evinsi1 18 anﬁarént1y maintaining its dominance is
in the T2 top area., Here the stand development is patchy, with mixed
older and younger stands. l

The details of how L.sericea is Facilitated in grassland arsas
during P.evansii stand decline ware not resolved. Although no evidencs
for a relationship was found in this study, there is still the _
possibility that the litter of sanescing ».evansij causes a decline 1a
the grass biomass, which incraqses the survival of L.serfcea sesdiings:
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the densitias of desc P.evansii wers nogatively correlated with grass
biomass, and positively correlated with L.sericea ssedling densitias.
ither possibls reasons may oxisti A study involving Baccharis
pilutoris {Hobbs & Moonuy, 198%5), a spacies which showed a similar
growth~form and 1ife history to P.evansii {(though meybe not as fong
tivad), found that the sbundances of all herbaceous species dectined
greatly after ths plants formad a closed canopy. This was due in part
to shading, but also increased hurbivory by smail mssmals on
perbaceous spacies sewds. Further fieidwork on P.avensii stands s
required to resolve this issus.

%,
"

L.sericea has invadsd other a,eas of C IX, as predicted“bv
Granger. 1nvas1an has bearn faster in the mixad Miscanthus capsnse~
pteridivi Yilroum area in the flatter, lowsr-lying ares of € IX, and
much sloué*"n grassiond areas away from streams. Whather it is the
tack of moisture in these grassland sites, or the grass sward itself
which inhibits this {nvasion, 1s not known. '

There 13 Tittle quaestion that [.sericea will dominata most of €
IX, but its continued dominance as the Jast, seif-replacing vegetation
is not cartain. !.sericea seudling racruitment is much lowar in clcosad -
canopy L.sorices-shfub communiities than 1n Tess developerd stands,
implying that in ths iong teim, L.sericea may not be able to replace
iteelf in € IX. suadljngs of forest and other forast precursor specles
ware growing in tha L%ssrfcea~shruh communiéies, and probabilities are
that when a canopy L.sericea dies, ono of these spacles will 111 the
resultant gan. Howaver, ihere are also indications that the L.servcea-
shrub vesstation does not provide the idaat environmant for the growth
of later successional species: The diversity and density of later
species ia grester in areas whare L.sericea s not dominant, a.g.
under Protea species, B.salviifolia trees and in the Rhamus prunoides

LY

thickes. !

Thera are two pussible reasons for this. Firstly, il may bs that
L.sericea shruhs make comparatively poor perch sitas (though batter
than P.evansii) for frugivotous birds bringing seed of forest
pracursor and torest specias. The Protes trees, prominantly situated
on the ~idge of the catctwant, may provide good perch-sites for birds
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who have come €rom & meal of fruits in the forest patshes below ths
wair, or in the forests of N’dedema gorge below C IX. L.Jerices
comminities wera lass prominantly situated for visiting birds, Also,
established jater successional plants such as Rhamnus pruncides are
themselvas sesd sources, and provide food for frugivoras, who also
deposit the sasd of other spacies at that site. l.sericsa provides nu
food for the carriers of bird-dispersod seed.

Secondly the L.sericea snvironment may have som@ inhibitory
physiological effest on ssediings. Circumstantial evidence of this
comes from comparing L.saricea scrubland with adjacent B.salviifolia
casopy plants. The B,salviifolia supported more later successional
saadlings, even though si*r3 vere ¢lnss togathar“and the same in
overall envircrmental foatures.

The amsliorated moisturs climstes of closed canopy situations per
e did. not resuli in higher densities and diversities of forest and .
forest precursor seediifigs, but canopy plants may have raduced
harbacecis competition beneath them, enabling seedling recruitmant.
Sites relativaly free of compatition such as the road verges proved
suitabla for establishment of some forest pracursor species, even
without tha canopy infltence of a nagriy B.sg?vfifb?fa. Speacizl local
snvironmental conditions (basides a'bertain fresdom from compatitic)
may tharefore not be reouired for the establishment of such spacies.
The reason for later successional species being late may be mostiy
bacause oﬁ thair method of seed dispsrsal.

Whatovar the effects of site conditions on later successional
specias seadling satablishment, the availability of suitable perch~
sites for frugivorous birds was tha most important factor in
determining the presanca of thass spacies in ¢ IX, They ware virtually
confined to under- or near-sunopy sftuations (excluding thosu of
P.avansit, vhich make insubstontial perches)., Their future role in ths
catchment depends on their xpility to replace the canopy dominants,
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Tha patterns of wobdy vagatation change aposér ta'bc proceeding
Targsly as Granger pradicted, excapt vith rughrd to later successional
‘species, The populations of thuse species should increass faster in
nun-L.serifcea “woodlands?’, 1nc1hding the road verges. These zites of
nucleation {yarranton and Morrisor 1914) Tor later successional
spacias should expand into adjacent vegetations, coalescing with the
smalier populations already vccurring thara, Although the distinction
betwesn forast and forest procur3ps. spscies has nct been clarified
previously, it may be predicted tial precursor s;gﬁiQSf?fgh as Rhamus
prunoides or Rhus dentata which prpduce coplous fryit . 4 attract
Frugivores and may acceierate the evéinpment of populations of Foreat
spsbins such as Podocarpus latifolius and Scolopia mundtii.

“

This study of woody plants depended partfaily on a sample design -
initiated by'Granger, and highlightad the uses and deficiencies of
such an approach. Besides tha lack of plot boundary markers, a major
Timitation was that the plots were posiiionad to meraly document the
changas at a site, and did nol represant all situstfons in the
’ ¢atchm$ht. Nor were thﬁy rapiicatad in one area, resulting in problems
of pasudo-replication, so that they did nok pruvidn dapa on woody
piant changes which would enable the Yasting of hypatheses.

4 ’

T

This study hss expanded the design s&ﬁpwhat ¢ includa other
areas. Their positioning provided & esntrast to existing plots and
allowed the preliminary testing of certain hypotheses, but was again
not. designed to provide a full record of woody changes. Despite
iimitations in saﬁp1e dosign in both yaars and in the data recerd from
1973, & number of woody plant popu1a$10p characteristics wers
jdentified which gave insight Into the patterns of woody change, and
prompted hypothusss regarding their pracessasﬁ

Conclusions

1) In the surveyad weody plots up to 1987, thare were four
differant patheays of wocdy plant suscession in ¢ IX. These occurred
at different sites., Three of these {nvolved L.serices in areas of
vagatation without the inflcence of P.avansi¥; and one, nccurring on
the south stope of € IX, involved P.ovansii being the initiay invader
of Themeda triandra grassland., Forest precurssr and furest species
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ware ‘uat starting to bacome abundsnt in L.se~icea and selectad. ciher
argas, but not in P.evansii stands. ' '

2) P.avansii populations are still largety rusﬁrictf@_ta tha
gsouth~facing slope of C IX, but were expanding Lo new areas of the
slope and onto the East ridge. L

3) b.avansii populations were decraasing 1n“thuir dominance of’

existing areas, although mintaining their vvarall depsities. The rate

of recruitment in alrsady-colonized aresas, and in new areas of C iX,
appears slower than the inttial invasion of the scuth siope.

4) L.serfczea populations are maintaining their dominance in.
sxisting stands, and “neraasing 1t in other areas - (in crder of rate
» of 'lr_qvasion), mainty Miscanthus or Pteridium areas, tha P.avansli
stands on=ﬁhugsuuth slops, and the grassland sdjacent to moist sitas

5) L.coricaa irvasion of grassiand areas on the o .uth slope is
facilitated in the daclining phases of PF.evans?? stand development.

8J) L.sarices seadiing recruitiment decreasses in situations of
closed canopy t.serfcea, whiis {he divarsity of forest and forast
precurasr gsesdiings increascs, If_saed?ing survival rates are agqual,
* these plants have s greater chance of replacing a cancpy L.serices
than one 1tz own seeclings does. :

7) Righei densities and diversities of forest snd forest
pracursor seedlinns cocur in areas whera L.sericea is not dominant.
L.sericea may have some inhibitory sffect on tater succassicnal
specias, i

&) The behavior of frugivorous hirds has the greatest influence
on the distribution of later succeasional spesies in ¢ IX. Subsetuent
effects pettorning tlhiese speciss may involve inhibition by L.serices
and competition for resources {especially Tight).

o "?9



7 ' 80

v CGHAPTER & p'

F=lEJIC1'LJF!E5€§ QF VEGETATION (;}4JKF¢CBIE
IN 3:)(

5.1. INTRODUCTION °

This chapter axamines the population pattarns that occurrad during -
posi~-firs vugatntiun.chanqa th ¢ IXe It spsres them to those
patterns suggasted by the successional thaaries dixcussed in chap.er
1, The aim 13 ta reveal some ganeral faatures of vegetation chenge
after withdrawal of fire in Lhe'L1%t1e Berg.

P

To aid this discussiop;’thaories rslating to varinus aspects of
vegatat {un rhanﬁu-ua*u t' ilntad into a number of questions

i+ % Ware sﬁra1 stages (r1emcﬁ $ | 1918} evident in € IX, uith uhole
spacien asgembiages repiacing othear.., or did spacies change
indepandently of others in time and spnce (Giaason 1936)7?

* Whet, ware the roles of the. 1n1t1a1 floristic compositipn, and
ralay floristics (Egler 1958) in ¢ IX? . X

* Was succession uni-~ (Clements 1916) or muiti-directional?
% What was the role of autSganic change (Clemsnts 1916) in C IX? -

* How did the ratas of floristic chanye (species turnover) vary
in € IX {Bornkamm 1981)7

* Whet popuiation interactions (facilitation, tolarance or
. inhibition, Connell and Slatyer 1977} occurred?

* what population patterns woare found to reflect 3p¢¢103“11faﬁ
istory characteristics (Pickett 1982, Noble and Slatver 1880, Drucy
and Kisbet 1973)7 |
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5.2. DISCUSSION
5,2.1%. WERE SEPAL STAGKS EVIDENT Ik € IX VEGETATIOR CHANGE?

in succession, a seral stago (Ciements 1916) would thuorntica11v

\haructtr1zod by a grqvp of spacies whoss relative abundances in
;Ea;i and time varied in similar ways. As one species in the sere
iﬁéruassd, st should t4a others, and 80 on. A sere is thus comparaile
to Clemants’ “community unit”™ (Whittaker 1975}, and depends on the
oxistence of discrata piant nummun1tiss rathar thanh an
“Individualistic” plant rasponsa, or gradient in spacies composition
{Gleason 1938, Mcintosh 1087). As discusasd in chaptar 2 (p £9), Dut
not explicitly tasted, imany s,scies showed gradual abundance changes “
along the zatchment gradiem:is, white a few had particular sita
praterences and mars discrste distributiors. Shiply and Keddy (1987)
propose that naither the individuaiistic nor the communiiy unit
concapt alona, refisct actual plant distribution patterns, and that
other descriptions of communitvlﬁ*ructura shauld be snught. Futurn
studies of sucnass1cn ghould, addegé this aspast.

Of the spscies groups axamined in this study, few clear seral
stagas wurk idantified. Rathar, each species hac its own diatributiqﬁ
patter:: in the catchment, and its localized increases and debreasos
did not track those of any other spscies (see figs 3.3.2.2 aﬁ§h) For
exampla, the 1573 distribution of Acalypha punctata wes quite s\m11ar
to that of Pteridium aquflinum, but it did not consistently decrease
when P.agui i decreasad, Nor was its increase in soms areas _ IK\ﬁ
paratieled by an incresse in P.aquilinum (this is clearly seen in Tig.
3.,3.2.2 b) and c)).

Howavar, whon viawad with less attention to details, there.vere
bruad “physiogromic groups” w':ich formed crude “seres” or replacement
gequances 'In some areas. Theza ware from grassiznd to a) bracken veld
than L.sericea-shrubland and scrub farest, or b) to P .avansiy
spr?b?and then l.sericea/P.evansii shrubland, then sorud furest.

”&.
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B.2.2. WHAT 9T THE ROLES OF RELAY FLONISTICS A% T3:ThL FLONISTIC COMUSITION

In relay floristics, factiitation ¥ new arrivals (invaders) by
the 1nitial sitn cccupants 1s implicy (Egler 1354). The influsnces of
the initial Floristic composition includes spacies charscteristice
interacting w:. sach othay and anviromment in many ways. Tha
appearance of sither pattern dspended on the spatial agnlm at which
the vegetation was viewsd. At the broad scale of the It:ttﬂ‘t catchment,
and among most specios, the inittal floristic composition of the
vegstation (its21f influwnced by inftial site conditicns), determined

the observed paiterns of vegetation change. N

(7

Oniy amony the woody spacies was thers the possibiiity of relay

Tloristics at this broad scale. Yet aithough forest precursor species
had “invaded” L.sarices, 8.salviffolia and cther areas {ses section

4.3,5.3;, they had not 3531; reaplaced th: original plants present there

© {a% would occur in relay floristics). Also, initial occupants may have:

racilitatsd their arrival (as discussed in 4.4) by providing pcrr-h
a1tas for aad-ﬂispnrsars. but in aomo araas t.huy have wpprvssld‘ {800

4.3.5,2) the growin of such species,

At a Finar 3ate, particﬁ'iar sites dispim& possibie signs of
relay floristics. They wers 1nv$dnﬂ and later dominated by spacies
initially prasent elsewhars. The most obvious examples of this are
P.evansii, L.sericea (ses maps n fig 4.1.1, 4.1.2 end 4.4.1); and
P, aqui 1inun, wirich invaded areas away from straams {ses Tig 3.3.2.2
B, Alza, the grasees D.omplectans, H,iurgidulm and P.natalense
{section 3.3.2.1, fig 5.3.2.2 &) and Fig 3.2.2.2 )(frsspaci.ive‘l,') ha
invaded and become ccr-dominama in some sites. Howevar, barring
tozerices’s facilitation in declining P.evansii stahids {shown in
section 4,3.4.1), the roie of facilitation in these changes is
unksown.

“Many cther witiospread specias did not shown signs of rep‘lacinﬁ.
or being raplacari' by, othar specias. Thay merely alterey thair
relative fraquencies in differsnt arsas (ey A.punctate; R. ludwigii,
Tr.trisndra, H.Falx, T. Ioucathrix. A.appendiculatus an j

1
H. m:wuh’gnrm, ses figs 3.3,2.2 a)-a)). /

|
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.The greastar sffect of the initial flotistic compasition during
the first few decades of vegetation changs is not urexpecved (Noble
and Slatyar 198%). The majority of available flora in the L!ttigiﬂers
(exciudias forest procursor and forest species) have svolved under the
influence of recurrant fire regimes. Yhey persist (even at low
frequenciss) in the wizinitv a*ter a burn. Non- or poos'y firs adapted
soacies include thoss associsted with forests, which only "invade”
arsas later on is thé'ub:au g +f fire, Yot to shew the pattarn of
relay flo istics, facilitation of the growth of (base invadars must
stiil be demonstratad.

5.2.3. 150 uNiDIRECTIONAL O ML) IDIRECTIONML SUCTESSTON GICUR'?

Succession 1n € IX up to 1985 wax largslv multidirectiocnal,
without foilowing predictabld sequences as susgested by Slemants
(191¢), Over the timt period examined iz this study, most sitas of
similar specias composition diverged (see section 3.3.1.2 and figs
3.32.1.2 a)-e)),

This may ba the result of many species with roughly squal e

sompetitive abilities being present from the start. =mell locel
differsnces in uvsironmenial conditions and compatitive balances could
have resuited in differert dirsc; 'ns of changs.

Howavei', a few spacies imposed a slight dagrha of
unidiractionrality on tix overail vattern of chenge (eg Kolichrysum
aureo-nitens, Panicim natalense, Hulfcggtriahan turgiauium and Pellaea
quadripinpats incrassing in most places; Elfuimrus muticus, Themeds
triandra, ffhetoropogun-fi?ffb?!us, and Auchenraedera Jotononoides
decrzasing - sea asction 3.35.1.2). Also, the invasion of L.sericea
plus associated speciss (ground forbs and craepérs), and the
appearance of forest precursor/forsst species, wiii lead to
convargence toward forast fater in succession, even in jnitially
quites different communities. )

E.2.4, THR ROLE OF AUTOGENIC CHANGE

F‘c1]1tft1°n througih enhenced 1nvasion, or {ncreasing rasource
avnilabi!ityh(Pickutt ot al. 1987}, are gigns of autogenic change. and

., Are discussu& “ger. Many workers (g Horn 1971, Facktam ant Ha:ding

1ﬁf‘, P1ckntt ot al. i1987; hut ses Huatun and Smith 1987} think that



during succession soil . moisture concitions ameijo ate at a site &
Iight cond'tiora worsen 1his is because tha devalcping vagstation
canopy intercerts light and reduces neat build up rear the 3011, and
alatg with stam-flow and Titter, improves rain's infiltration, This
amatiorat 1on supposadiy directs successiod,

Specias distributions along gradients from dry to moist
iexclugding squatic or marsh speciss) and high to 1w radiation leve .,
o wuyfthprafors broadly reflect their position in a successionel
aeaudﬁca fag . Iman 1985, Drury and Nisbhat 1973). Spacr ey
distributicns o £ IX from the stream to the ridge tons, from stesp
gputh-fucing to flat areas or north~facing slupss, and from Katspruit
ta Mispab 2oils repfuscnttﬁ thair maisiure and radiation preferences
{see saction 2.3). Evidance of amelioration of site cenditions 1n the
dstermant would theorstically come from observing successional shifts
of saecies pinng thase gradisnts. Megic, 1o 1ight specles should
iucresse, while “dey”, hign 1ight ones should decresse in most areas.
Intermediate speciss should decreass in low-iying, moist soil and
shaded areas, and fncrease in medium altitude (not dry) and'high
Cidriar) attitude sotls,

. Speacies fragquency changes {determined <1 section 3.3.2.2) which
rufiaétud this pattern, were L.séﬁfcca, (to . me sxtent C.africana)
snd P.evansty (oasic; T.triandra aod D.Filifo. fus (dry); and
A, quadripinnata, H.falx, £.agurlinum, R. fudvigii, S.afopecuroides, &\d
K. urgtdulum {intermediate), |

i Gther spacies showed patterns of change at odds with those
grpected from their positions along the gradients, Indicating that
‘gitm anslioration wes not necessarily a dowinart infiuence. 1! mesi:
zpacies C.natalensis and H.itmbraculigerum wmcreased in many aress.

A, sumialata, R.alters. P.oaiziense and H.aureo-rnitans, whiitch ncoureed.
rove Fraguently in drisr 2ites in 1973, often increassd in both molst,
dnd dry areas. Ths intermadiate species A aspper.!Iculatus, F.caprina,
Fomunticus, S.issatidens and A.pinciata had varying responses (for
uxample, A.sppendfcuistus and F.coaprina Jecraa-ed in dry areas and
Incrassed 1 the moist vagstation group :N; while F.auiicus declined
in maay places). The masic spacies M.capenss’s varied response was
parhaps due te its psi. o aler prefersnce for highar radiation isvais,

s



cauying 1ts decline 1n sheded sites. The “drier™ S.bupisuroides
decraased 1n dry si1tsu and incraased in Tess dry sites, including -
vagetattion group 19.

Latar luccussjpna! fareat pracursor and forest species 3 urred j .
1h moiss, lowsr light sitas, but were also prolific in exposed rirge
tcp areas, with lowsr maisture and higher radiation levels. This
showed thet amelioratlon of Site comiitions was not sssentia: fur
their sstablishment. lather, thetr population patiern was highly
reliant on the vagariss of their bird dispersars.

;.

A rsason Tor tha unprgdféfﬁbia rasponse along he light and
maistuﬁgrﬁiadicnt of wany g-ossland apoctes, may be that they have
avolved under the mejor seloctive force Ymposed by Firs. Other factors
Tika shade tolerance, may not be as important in detarmining grassland
‘ species composition when Tire s fraquent (vogl 1974). Rather, changes
in the grass Tayer may result {rom differential tiliering levals and "
storage (Everson 3985) in sosciac with growth optima a differsnt fire
1't'mzmanc.'i;.;_:\~

Curraﬁt Eﬁoﬁiadgq is also piased tow&fd grass bahavfor under 4
regime of fire, Legs 1z known'ibout grass reactiona 1 its total
ghaence. Manv aspecty of hypothesined emeioretion duriny sugcessis..
ara based on ubsurvatnons of woodland comeunities, where the species
have very diffurant‘;*fuﬁhiatory stretegies to grassas. vl may axpact
§rass spacies responcas to withdrawal of tira to by Iass predictabile
using criteris usually spplied to woediand specias Indead many
grassiand ~hanges in ¢ IX were not predictad by previous ressarchers.

Changes {including autogenic cnes) in the post-fira ahv1fnn agt
have piayed a greater rols in the avolution of woodland species ?gi.'
history propsrties {ag the developmant of shade tclerance, or aqﬁ '
ability tr miximiza Tight capture in cunnpy sdtuations). Such speciss”®
persist only when long firn—froqlperiuﬂs o¢e . Yat avan among poorly
fire-adapted woody spacies, the }nf1utncns of sita smeiioration in the
qarly stages of woody stand development ars doubtfy!, (‘u fa-tognnic)
riie of perch sites in datennining thetr distrinution ix prcdom1n|ht

ya
“
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5.205. WATES OF SFECIES TUNOYER |

B

. The rate of specias turnover ) the 13 years from 1973 to 1936
(saction 3.3.3) was siowsst in commun it 1es rsprtunt*!ng Tatar '
successional (woody) atages (ie tha maturu L.sarices arees). It uaa
f “est in areas with commniiies not yet dominated . saricea (8g
ridge top, and open P.aqui)fnum areas). Ths slow change in wooded
areas could be becau @ woody speciss are alowsi growing than
harbaceous ones, promating the prolonged coaxistence of associated
soecies (Huston 1979), It may also indicate the tlnacity of L.serices
in theso sites, :
5.2.8. POPULATION THTERACTEONS (mri_xf‘mon. Tﬁﬁ.itﬁlﬁ?“lio ummmg}
I
Faciiitation of leter spacias by the initial site iccumnt: waS
“found. Senescing stands of P avansif facilitate L.sericya racruitment
{section 4.3.4.1). L.sericea stands faszilitate (hy prov dlng pnrch-
sités) the arrival of forest and forest precursor spact s (4.3.4.3),
Protea spscias and 8.salvi‘folia facilitate forast pm'rsor ng
forest spescias’ arrival and perhans thetr aatahlishmntf 4. 3.3.3).
Forest pracursor and forest types also facilitate the qrrfvﬂ ‘of other
such npucus. '

Some eyiilanso of inhibition was also fourd. L. sﬂ*‘caa saems to
1nhibit the sstabiishmant of forest precursor and forlm' sracies
(4.3.5.3). L.srrizea (and parhaps ssnescing P.wansif ?) inhibit
grass (this is obviously visible beneath i.ses/ces s_[grubs).

P.aquilinum inhfoits P.evansii (Everson and Sreen 1983). Although
there 13 no direct evidence, the sparsity of L.ser(;}aag forast and
forest pracursor syedlings o purs gras: and s‘!tes.\r{:my mean tha®
grasses supprnss' tivese spacies’ astnb‘iimncnt {th;'jougte raot T
competition 71, '

/

Evidence of tolarance, whers later apoc'lot are successfu! whather
or not esrl{dr specias have praceded them, wes circumstz.at 1ul.
P.ovansii was abla t3 establish and grow to matdrity 1n grassland
(section 4.3.4.2,2), while L.z8ricen rm{a?y did sa. P.natalense,
P.quadripinnata M, au~ao-nitens, . ‘mphd ;ens and H.turgidulim may heve
exhibitar tolarance in thet thay iny. esed in many areas, frrespective
nf the othar spacies occurring there fioctienl 3.3.2.1 and 3.3.2.2).

'. _ / _ _
.! /
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Their incroase may also bs axplained by a fors of compalitive release
after withdrawal of firs. : “ o

" The dominent effects of the initial floristic compositiof in € IX (
alan sugpests the "Tolarance mechanism”™ (Humphray 1984). Most spagias E}%q
{aspacially herbacecus ones) ware pressni since withdrawal of fire in %ﬁ
¢ 1%, and changs was largely characterized by local shifts in thetr
dominance (perhaps reflscting Horn (1976)'s conpn*itive hierarchy”,

specific to tocal site conditionm).

A
B.7.7. POPULATION PATIERNS AXG SPECIES LiFE-SISTORY CHARACTERISTICS

: 2
The 11fe history charactaristics of 3 fow spucres ssemed to he
rof lacted in their changing populaticn patttrrs in ¢ £X. Only soma of

these are discussed here, i : &

1"

One obvious pattern was 2 rasult of the cional growth of
P. aquf!fnuu as clarificd by watt (i1547). Tha currant survey showed
that brackan stem Traquencies wera ducrtasing in the low~lying, moist
areas in T IX where it extsted befors withdrawal of fire (ie in the
.older parts of the colony). In newer parts of the colony at highar~
Tying, loss moist.sites, bracken was increasing {section 3,3.2.2).

Anothar spacias showing clonal growth patterns which hava allowed
its sprgad in the catchmeat was Helichrysum aurso-nitens. 1ts ¢oclonies
have extenged, but hecoms more diffuse at their priginal contars.

' ﬁ.avansff’swpapulatiun pattern revealed the estahlishment, v -
grpntHL and relstivaly sudden mass mortality of its stands during N
{nvasion of new grassland areas (Fig 4.3.4, saction 4.3.4.4). Also

‘evident wax its relatively low competitive ubility in establishec
stands of other woody specles (eg. L.sericea). This may he duo to ita
needle leaf charasieristics and many~layered branching geomotry. which
does ﬁbt suit vary low light lavels (Horn 1971).

t

L.sericea's pattern of invasion of C IX refisctad (besides the
spafta? Jpattern/of wind d‘spnrsal uhich way not 1nvastigltad) 1ts
respons to a), the motsture cistribution, and b}} o 1?vnit of

shading and competitionh during iLs establishment. Thie is shown by ite:
. N 1 !
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prasance in moist, old P.aqui!inum srgas with an opan frond structurs:
in senescing P.evansif arsas, possibly whero the sward ha) hecoms loss
vigorous: and in its reiative slowness to wsiablish in closud-sward '
grassland areas and beneath 1ts own cIPsod canopies.

The application of the vital attributes scheme (Noble and
Slatyer, 19807 in this study is Timited by inadequate knowlxige of the
spectes. Aleo, (he schemm is unable to account for situations where
the dktributes and their relative strongths differ, depending on the
¢°ﬂﬂuﬂit¥“°€ aite context. Some sxamp’es of the fow peneralities were
as folious.“

Most pcrenn‘ai arasses and farbs hsvy She U rl*r‘bwtn of baing

largely unsffected by firs: thoy spraut 570 Y g telaid re grow
vary raptdly, This ullaws them to "’$T/ EN\ 4ﬂht Ahant, types 8
when ¥ 're is ro!attjply Fraquent. ang & Ay, ufba,J; burv. he

sxtent of seed dispsrsa) in nany qrsaﬁrs T l.m.t.u 10 A faw mater
from the parent (Q’Conner pers oam). s-eu '1»- FLGH 1pec1ls 1s
unhikely to arrive from outside the aree, aﬁd * o alvays fresly
available as required in vital attribute’s N attrinuts of long
distance dispersal. Thae axistence of Tung-iived seet stures (and
th=rafors an 5 aitributs) in parennial grasswd nﬁd forbs {s unknown,
but rodent sesd predators must zeverely liait zeed stores in

Pty

grassiand ereas (Adams pers com). .

L.sericea sxhibits the ivagetative, aitribute of siyrouting
after firva (Smith 1982), but requiring time to grow to thair pre-fire

} form. Seeds may dispers¢ quite large dictances (D), but s»em uynabla to

eqtabl1sh 1a grassiand aresas. In vhese ciccumstances, Lwo differsnt
actions can promote its spread. Oné is the facilitating action
{section 4.3.4.1) of senescing P.evansi{ stahds (resulting 1n an R
attribute); the othyr ts the slowsr spraad of this species by
establishing in siies at ths adgs of its canvpy influence, where
herbncoouawépucius are lasa vigorous, but vhare the infl aiice of the

“ parent. plant ts waak snough not Lo inhibit the sotdlfngsh The

possibilityhthat L.ser/ces i unabis to repiace itzaif uﬂdur closed
caropy situations
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(see ssction 4.3.5.2) givas it some 1 sttributs m'uct.orht‘lc_l__ as .
well. 1% has s life-mpan between that of woody forsst species and the
shert-lived shrub P.evansiy,

P.evens!i! cannot n—-wmt. but - its soed ts stimlated to
germinate after fire (G n\i.tr'ibutﬂ (Smith 1982). Further recruiiment
is dalayed unti) sature plants produce seed (possibly at -2 years
0ld); and ssads may d sperse over long Jistances (D). The continued
sprasd of this spacies in T IX since fire pricection ahwi that
garmination still occirs in t.ht absence of fire. Its astalmt:"mt in
graseland aroas suggests it i tolerant (T attribugs) of comoetition
from harbaceous specius 1n1t1ﬂoly piresasnt at tha site. Houovnf-‘.‘
mdhng resruitment Jrops off In maturs and senescing stands oi\
P.awamrf as shown in 4.3.4.2. This feature rasults 1n an I )
nttr1butu. where P.évansii is unable to continue recruitment under

. the incresasd influsnie of woody plants. P.evangii 13 short-iived

relative to other miy specisa.

tru iR
\'\ i

Koody spectes with hird-dispersed seed (ias {uin'ly foriét and
forest precursor spsciles) do not peraist at a site through coppicing |
when fire is fraquent, In a fire-free period, theugh, their seed may
arrive through frug1 1ory, given them the “D" attribute of 1on§- A
o havce ﬂsmraul. T e svailability of nerch-aites appears to act as
u"'qun!tftn\k to this Rtribute. These specias swen to estabiish
nnyti@n nekr parch tries, They ara tolerant (T-atiribute) of
cmti\‘\ion from some species (eg 8.salviffoliz); but may be ﬁ.?:ibitad
(I-attrioute) by othou (og L.sericea, se8 soction 4.3.5.3). (These
attributes sre surpriaing ~ the arigina‘l vital attributes scheme never

. encompassed tte influance of bird-dispersal on the population patt-rns

of these speciss, nor the influencs of different conopy specias),
Other attributes of Farmet and forest precursor spacies, ars a
relatively long life-3pan; and soms dagres of tolerance of (shnde™

. compatition from adulits of their wn or similsr. kinﬂ Hul mn.ms ot

of (roat?) canpet.fﬂ:h‘m frog grassiand specias.
i



Further spsculations can rmt be made in appﬁyfnc the vital
attributes achems. The attributes described above do predict some
averall succession pattsrns in ¢ IX: from grasaland, to P.evansii

- shrudiand, then L.sericea shrubland and finally soms Torm of forest.

However, a battar knowledge of speciss’ 11fe-history characteristics
would be required, to axpizin in deteil thc_abanrvoﬂ patterns of

vegatation changa at a wechanistic leval, where strategies of resource.

use and plant-plant. interactions are considered.

(-~ 5.3. FINAL CONCLUSIONS

- _
This astudy has byen mainly at a descriptive level. It &llowsd

hypothoccs to be developed sbout the nature of some of the main
pattearns of vegetation change in C IX, but did not provide strong
evigsnce of the underiving processes invoived. Some inadequacies of

] tﬁ& study were & result o the retatively brosd scale at which the

changes were viswed; but it seemed cisar thaf answers to many
quastions posed by succussional thﬁbrﬁga did vary with scalse. Tha
finer detaila of species rasponses and interactions would batter hHe
studied with a Harparian-population biology approach (Harper 1877).

In summary,'tha main %éafuras of vag«tatinﬂ dhnnga found in this
study wers as follows.

x Species changas were individuaiistic, Oniy in bhroad
physiognor : groups could seral stages be observed.

* The initial Floristic composition govarnad tha dominent
putterns of change. Clsar relay Floristics, involving grasses,
P.avansyi and L.seérrceg, was ohly found in somo sitas. r

& ”
* Most sites similar in 1973 diverged in spscies compusittion,

A fow speciss with consistent, widespread changes, caused a.
sma?l'U|nrat of unidirectionality of changa. The futurs spraad of
L. sorfcll and fores: and forwst precursor specias will, hnwaver, load
to convnrbsnca. avert in init{ally different sites. °

. most wern influarced by other factors.

4
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* Site amelioration may have influenced some spacies changes, but ‘



& Changs was fastest in areas fres of L.serices, e slmt
vhere this spacies was domfnent. o

o

>

& Evidenoe of facilitation, tcloranéo and inhibition was found
]

Each machanion was important in determining some pattarns of change |
s operation of al) thrae complicated other

but. the posetbis 3imi)

‘patterns.
& Changing mpq'fnnti patterns in C IX reflected known species

l1ife-history charactaristics.

s Spectes intocagtions at particular sites resuitad in smail-
scale varistion in the pstierns of changs. These interactions md to

be understood to fully deacribe succession.

o

4]
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BPPENRIX 1.1, daopling intansitien of ia widn traonsacts in 1973 and
§98¢. Tranvect langths wore esliinated fros saps or fron Beasuring
along 198b transwct routea. Only part of transect 1 was rl-lncatli in

19%6. _
TRANSECY estisstumd SANPLING INTENRITY fropertion

: lengthin) 1973 1984 of ‘73 int'nsitv
A 137 AR 49 1.t
H 1 I 40 19 .48
2 781 724 o 208 .28
3 80! 1%4 233 53 .
4 423 : 403 217 .59
8 213 195 . 88 49
& 115 ) F-] - NO 77
7 470 332 .11 A7

g

[l

AEPENDEY_ L. 3. Pathways of comevnity :hanq- prnpncud by Xillick (1943}
tor Sub-zlpinc. arsas like € 1%,

. :
K bt | &
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APPENDIX 1.2, Species identifisd in plant communizies

along transects in € IX in 198e.

TNAMET &
.1

dcelysha paactate
Alvpr cphrvdiy
Antrogogen appeadicuiatus
jatar ue.
Shamaste poactata
Bachenroniary tF utoaensides
fulbautilis of aritrapms
$hatin wetnlnngis
Toameting africam
Jitmtarepopsn apleciont
Flioauits mouions
fastuch tapvIsd
sarpechion falx
Hetichryssd pabracnligerya
Walichryssa nerfiscim
#alichryan Kiacystarsn
Malictatrighox tergidiiv
Melaropogon cantartas
Konlarit cristata
{egcasidan sericut
Riatanthes capenin

< Jrghis obitguifelia
Follaan Ontdripamata -
Phitizpie teaast

~ Polygala ohlandorfians

Prarigins mpuilinge
Rabdosia calycine
g disealer
bz wodit
Seille o i
of Scheenoxipnive lahwaii
Sonscic 10, (Crosper)
Theaads Srisgdra
Trachypason spicatus
Tristackyn Yucothrix
fornonin hirstata
Wehlenbutgla 2ayhnri

Wl

Acalypie punctata
Andropogen appandicuiats
gtar 3. .
Duchenriudara TeSonongides
of Buldaritly oritriphe
Cosmliak africest
Dihatarssgs amsiscions
Elioaurus I!HCII
Egtlobim cobense
Harpachlon fala .
Nelicheyny sistyolarm
sgiictoteicton turgiduion
He smbracklpersg

MULErOpegeR CeRto. it

93

Kyparicun sathitmicen E
To]aria cristatn _
Dagiis Hegifoite

Praridue agetitn

kabieriz calyomy

Rebiz Iudwigii

Rymex voud 11

oMt 3.

Srhistoscaphivg Iratasgfcion

of schonresiphing Iadmanit

Scills am. 1

seilla . 2

Semcia 43p. (Sriepir)

Tristacnyd Teutothrixs

yacaonie hirstute

3

Acuiyphe punctata
Ailotarodais sestalate
hadropoger Rapepdiculates
Mranasiy punctste
Suchnroslers Toteaoncides
Dinatarepogan ERgiectans o
Eliongres sticns ’ )
Epitobism capansa

Fastuce cprime o
Harpackion falx

mlichrysan plaiypteri
Meiizhrysen wabrace) igetw
Hnlictatrichon Lurquiviun
Hypericus wathiopicen
Latsattin Jeransans
Laucosides Serici

Mersshisn zafts

Dagiie obliquifalin

fxalis swithiang

Srhisum matelease

Prartaiue aquilisee

Rakdasia calycine

Rhus diseslor

Runay iukvigii

Ricex woodid

Sehistestaphinn cracuyifaiiun
iy, 1

Seilia spp, ¢

Thamde {iamirt

Tristachyn ioucothrin
Farmanta Rirstule

Ill‘
Aualyphn pRactits

Ay opheyits
Rrdrosemn agpeaticilates
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L ster .

S Athanasia pucteta

&

Comtliae Africasy’
distereopen amplectins
Bistpyres sastio-atricame
£lroanres mtitu
Fastaca smpring
Rarpechiog 4ix
fatichrya latptern
] échrysun sekraguligerue
Melictotrichos turgideiun
dqruama iy wool i1
fparicun sethispcem
isdigeforn Torgibarinte
+ ARAIRTETE ATORNANS
Lhvcesides marices
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L for any group of an gnvirongea

i The drwguency of pressuce und absente of sach key specsies in
gach nectinn a¢ transect was determined. -The freguencies from”
a:éierent sectinns which fell in *he AR sivironmental group wl

o

“ sumbad. This resulled in a contiongency tasle for each speries,

containing the fremisancy of pressnce and ausence of the specie ;n'
rach environsental group. :
4) Esch cell of the contingency tables was then tonveried fras a
frvequency count injo A stancirdized residual, S8, 535 that each
spetins could s’ chepared on 40 eguail footing. The 5R of 2 omii
expresced the number of standdrd devietions by which the count
departs from a count  expectediif the spetirs.shnwed ne preference
1 parampter. {t taus quantx{;nd tha
ecien to & parfiicular

8. " ¢

presance-abyznce response pé oo
s irupampntel group (Strahlar $90

Stacdartiznd residuals were caiculated s rolionss
k'The ancorrectss standardized resiJusi, Mety is
ohat RUJM "..ﬁ*‘].:' i saropt f’\'gg; '

where A i the obsarved frequency ia the h row and +th
tuivme of the table and evy,, 18 Lhe prpected frequenty of this
cell dgelruiuted ws in ﬁhi*squarld 14 13498

The corrected standardized reg *gal. B8R, adjusbted for saeple
frne o is T
b 4
SR = 354 0 sgroct Ctinfr,ln}ltl~s=,in}5 - : Y

whisrw #y 1% the cow total for-the ‘th au, t. the tnlusn tntli
Far thy ith caiumng wnd n is the totel frequency of all cwils,

Pogiliwe SR's $pr the presante vows indicate preference For an
stvicnanental  group, and asgatiee 3RS inaicate averdunce.

Wy The 3&“5 from each envirommental ggetpr were asseatied into
watrites oF species (rimBl by o J}rﬁnm!i*hl §r oup ttu!umns*, ang
the mRtrices - for G-mode BB - edre each s!paratalv enterad jots &
FA program for analysis, The ‘a‘tnra obtaived are it un-rotated,
pecaus: it that mede the faclor Thadinge rhvesl the naturs ot the
préhogonal ireadn 1n the vegetation which Best wwparare the

“envirunsental groups rStrahles 19783, Scatier plots nf the facter

scures shok how each sprcies responds tn the FA factors.

5} the 5K's from each envicensental paranete: Were re»issaﬂbird
intn matrices of gavironsectal group {roawsi by speeies {rnlumns)
ang each separately sotered inole w FA progresm. Thisz R-modse FA nxed
varsmay rotation iftrahler 19780 - Lthe obiect bwing to adentify inﬂ

massmize the distynctress of nrougs of speriés with sisiliar
response patierns o vhe snvis  caenlal faclers.
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APPENDIX 2.2.%. Tha seguence of quatdrat nusbers from 197% found in
sections of Yransect divided according to soii type, altitudw and
radistion Yevel, Thesw divisions wars usad in Binary Discriminant
Function Anaivsas (meil, altitude and radistion codes are as in
appendix 3,2,11, Counting in the direction of the transsct nushnrinq,
Lthe nusbar o# the lavi guadrat in sach cosaunity % given.
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APPENDIX 3.3.2.3 a) Species frequencies in plant communities (derived
from NAA, Granger 1976) in 1973 and 1986, and the results of tests for
changes in species frequency between years significant at p< 0.05. The
G-stavistic, or Fisher’s exact probability test for small samples, were
used. The direction of change is given: i = increase, d = decrease.
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APRPENRIX_3.2.3, Pathways of succassion in € [X proposed by Branger
974, o

W e WO N -ﬂ—ﬂm—'--a--wﬂﬁ-nﬂw“ﬂqauwnh.-#-‘h;yﬂn-ﬂ-‘ﬂﬁﬁﬂﬁ--
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#) Ti 1o TP onnels : . ﬂ
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b )

" Sugh.siies are usually. occupiwd by Afmost purw communitiea of
Herxyuelleri wacongnii whith in the absence of fire gradually hecores
irvaded by wpacises zuch as Rapancwlus  bauril and Cli¥:arive
diwearifalis ‘oliowed Dy feucosidea sericee. However, firn served to
maintain ‘the grassland charactsr of the K.escomanii wso  *hat
surcAsnion was he'd in cherk. Established sress of L.saricea adepesred
to srt s fuci froa whicn variouw assoriasted woody spacies such’ as

Philippia seansii ghresd into surrpuniing berd cad grass dosinated
Jcomstinities provided fire waszs excluded. Hhera +firs pevstrated stands

k# maturs rigarian L.3Ericen » MUCh mors open tharacter was isparted
“q this vegatation end Berkbeva sostand plus species svident in the
sarlisr stages of ;urcnssnun becass abundant.

bl Vieie

the singie viei in € IX occurred as 4n alanst ‘level area
tunodintely west of rajn<gaugr IX B8R, The #irst cosmunitiss which
invaded Lhe wvery uwst sgoils ware thoss in which species such as
flexothere rosea, OGanners perpinse, Elwochaxis drageana, =Pycreus
orkfortensis, Scirpus cestatus, S.macer and Thelypteris confiudns
ware dominant. where 30ils werw slightly driser, Erxagrestir curvala
appesred to have besn the dominant species in marly succwssion. Wiih
the sxtlusion of fire, asxg of these communities disappeared. On the
wettedt siter this was péten found Yo be dup to  the invasion »f
Fegtuca costata, while on the drier areas Mndropegon appandiculedes
appearsd to have invaded wwtensively., At thiw stage, F.coitata was
genevaliy inveded by spmeiuy suth as Ftaridiue aquilinuz and Clutia
ratalevsis. Suzh  Festuca-Pteridiun-Clutic  and | sS.appemdiculstas
donincded cosmunitios ware theh iavaded by Leserices to fora snhat is
st gresent V197%4) an opun meaturs coasematy., This wight well
hecosn » nature L. serices dosivated commuoity.

I

The_lithcspanre o
2) Hoist sgils g

Canothara rosea might weil have bean an early dominans. In toe
nettust areas E.ctrvaty wes the next wowcims aost likely Lo invade)

in turn favaded by Kisceathes capewse. Uhare soils wers ;!inhtlv

draer, it swess thal varipas Seracjo spezine such as S.isatidess and
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“S.awornatys wmight invade he E.curvela community ayd in ture be

repiaced dy F.aquifisur, Roth alterratives appesrsd to }Jead to the
Niscanthus-dter1divm-Clutin cobaunisy.

ﬂn the wettsr sitas thsra appearsd (o hav: heen dirstt iavasion
of L.serjcen whogh oltisstely devaloped tnin a walure I.sRricen
comsunity, In this sequence, Pf.evawsri, altonunh presant, aid nnt
appear to as isportant in the astadlichaent nf i <arices as on the
1ess wot sites. In thesw last-sentianed ereaw the Niscanthus-
Pteridiun~Clutia coemunity applarﬁﬂ Lo become pore flu-istically
diverss ar apwcies such ax Qebux, ludwigii, Nelianthus viljoxus,
Athanaxia punctedy and Calpurnia ﬁh&!lt. invaded, Thin graduslly ied
to the develspment of tus yussture Phyilippia-Pteridrun-Rhut discelor-

Rubus rompunities 2% wooty wpeciss invaded., This was graduaiiy .

invadad by i.xericea., wltisately leading to a maturu Fhilipgpie-
Byrsine~leucesidea comuunity., Wiare Wyrsine a’ritars #8s found lo be
Jacally sbundant thiw gengraily appeared to bhe dex to the affects of
firma that had penmtratod thr woodv vegetation. Gradusliv sature
L.serirea corsunitiew were incaded by wpercies such as Hiddrimgitinia
cupressoides, Mhapnus prumeives, Fucfea criepa, dbus dpntata and
Dlinia swarginata unrtil Podocarpur latifelius daminated foriet hecase
sestaslished. The abundance of P 2 2psil and H.africann in the sargans
of this Sorest patcn occasional Fires and tp jordl site conditions
which have not wet Yhecoae suitable for the wmstablisheant of more
seraily advanced epacies. [in sopw damp ar2as in tha vecintty of this
forest patch it also sawawd that Cykbopogor raiidus end subseguently
H.copense daminated cnnJagatxln reve given rise to »indy furast
pratursar :annuu:t:ne.

.J "1
Dot o
¥) Soivs of varying charatteristina

ftn wxposed rnnk... the prtngb mat-builders which were mast
noticeabls in crevacés and saall avarhanygs were asonass. Thase
sppasred 1o Be invaded Ly firetly 5!'3q1h$sll sppoand then by ferss.
suth as NHokriz caffrorum »nd by Streptocdspus pesillus and Crassusa

-satalaza, On more exposed sutes Aristida Jurcidornis and (Crasrula

sptulousy wure  among the wssrlisxt inveders. Fragroitse racescza
H#eteropogen contortus and Loudwtia sispler appeired to he the airt

sopt isporiant spacies to invade and dominaté on these verv tmallun :

soals, Nith an increase€ in sval depth a Dihwderspagen Fili
Rend!iz alters comspuaity was the nest stnqn ts dnqnaap. Thaw
inveded hy Thesaada trisrdra to form the lsrge ?.friandra dosin
IX tin the weariy 1980°w).  With the esclusion of fire
cosnunitins developsd in diféerent dicactions. S s

i

!

soils werm feirly deep there sav invazion by specims such
Fiiopurits euticus and Allaveropsis semzalata. As snil  saisturs
coaditions improved a Thessda-Asdropogen appendiculatus zomsunity
devel2ied. This nnl{an\adrd by sueciws Snch ax Pelless quadripinnata,
Acalvpas’ punctatas; Hypoxiy  scuninaté, Sewscin  purchelin and
Belichrysus sureo-pitans, Later as woil depth and moisiure iaproves
spaties such as A, fudwigri. F!er:dxuq squilsvun, Rabiorialia talycina

On stemp siter and on cool sowiherivy and saxteriy aspacte néx(t )
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snd - N, ushratuligerua -hpnartk lesding to a F.aekijizve dominsted

cosaunity then iavaded by wopdy species such as L.s!ficct ang

0

Poapansii unti]l & matura L.skricer community faveloped.
: f= T ’

When fire had ceen a Freguent factor influencing T 1Y thare were
astensive  compunities in  which. Buchesrostsre lotenossides

. predosinated. With +ire wxciusion this epeciss hag  al}l  but

disagprared largaly due to the invesion of P.agquilings Jnd the faw_

iullplti that ressined warw lubj.gi to high radiation lavals,
} _

On sites smubject to Righ radiation ‘avpln nut underlain by
shallox soils dey ridge. tops) the “Ii!fﬂ’d’nl“fflﬂf@lflt-lhﬁdtfll snd
Bihetarepogon-Rendlia grassiand’ comsunitiss were inpvadad by
T,trﬁandraﬂandfﬁraita caffra end P.rougeliiae. Ths prasence of the
occasional plant of Asparagus sicrtoraphis Dovyalis rhewnoides Rhuz

torgentazs and Diospyras ausdro-africasd under 2 numbar of Proies

troes suguests that whars osumquate protection trom §irs and wind

might octur ther sceee word of [.saricoa dul:nntuﬂ szrub or crub
forast might nnvplnp. -

. '

| nn very ;talp ang rocky =puth-énning llbp!! the drteropcqan- _

Eragrestis-loudetin and nth‘hrapﬁyon-ﬂlrdlzo qrn!&i.nd corsunities

“wtre inveded by T.érjandra and Rerkheaye rl;hoat:cn, Horaea pubiflora

and Helichrysaw sutherlandii. In the sars :xpplnd and shallnw soiled
‘areas spacies such am Cliffartia repenz and frica sirausriame
sppearad and wvidence squaitcd thin niqht iead to Hrotyas dominsted
conmuniting. :

u L . I

o

‘e Eivewhere on stewp southgrly slopes T.iriardra  oFfassland

apprarad to bacoaw invased directly by T.wvansii coamuniting un turn

invaded by H.africona and L.sericea, Thess rvintuully developed jnto

mature Loxarices,

i

£) Pixturbad soile

'

The surceusions]l Erend at these sites ﬁasill frpp E.curvuls

Cduminated comeunities dirsckly o via stiburus alopecarcides to

Rubus-Ptersdiun-Eragrestis carvuls compunities which becams iovaded
by BRuddleis salviifelin. As wail moisture improves a Beadimia~
Dxogpyras austro-africanp-Lleucesides cpntunitr davelops wmhich mavys

« lead to ssture [,sericea tnnnuwit:na.

i Q‘-‘:‘_\“ . J{.‘_ . U]
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APPENDIX 8,2.4. Plot canopy covar ¢f A eversii, 2:d wstimatsed grass

binwexs in ploty from wraea's A, B and C.
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APPENDIX 4.3.1, Estimales of weody stand age in resurvayed and
additiond}l wandy plots. Ploka are swquenced as in fig. 4.3.4.

VAL e ol B AR ) P S B T S A O e e R A S e I A U O P A kR T I U O R

(L
5

PLOT
POSITION

ist
Pl ]
dro
4th
%th
fth
7th
ath
Fth
fath
11t
F2¢h

- 13th

14th
15th
tath
174h
§8th
18th
Mtk
Fiat

.23nd

Hrd
2Ath |

LTAND ABE (ymars) =
PO & SRS RN A B 1 NN
ot tap
1% 0§53 w2 45 20 12 20
15 15 42 2 2 1% 17 W %o
20 15 32 L U 15 17 13 Z0
20 20 &2 42 26 IS5 1F O 20
2 206 &2 A2 20 1% 17 2% a6
20 W0 42 42 20 8% 1F 26 M
0 W 20 42 20 15 17 20
33 20 20 1% 28 1% 17
2 20 20 13
42 20 20
%2 26 20 p
A2 0
47 20
42 20
20
20
20
20 . .
20
20
2
L
20
;20

W S iy 0t A O G T W ST Sk T g-u-?.jtmm-n-‘-»mn.n

fr

o

4
g

i1

A LA A el e b s s A A T W TR W i

114



APPENDIX #,3:2_2) Rann~Whitney U tosts for chanq!i in L.sericeon density
from 1973 {0 i984.

ARESA Y ERASE RANK SANPLE S1TE Z-VALEE prxf
1973 1984 1973 1984
T 4 11.G7 17,93 14 14 o I 0, 529
T 2 hotiom 3.8 9.5 [ & 2,612 0, 00%
T 2 top 15.9 23.05 i8 s 2,582 3, 004
T & buttom 17 A4 [ o =], 203 G229
v & top 2,9 %.8 4 & 2. 4872 2,012
T? 7.27 11.?2 9 ¥ !.725 &.ﬁﬂé

T

*ruu 19?5 ta 1984,

AREA AVERAGE SANK SAMPLE SIIE 1-VALUE prml
) 1973 1994 1973 984
D | 13.5% 1h. 44 1 54 e b1 0, 54t
T 2 bottes 5.05 .78 h 4 f.131 ¢, 258
T2 tap 14,28 20,72 i@ 19 L &, 209
T & bottom T.08 4.9 & 5 . 160 0,371
T & top 7.9 t.5 ] & =119 0. 234
T7 §0.94 B.05 9 ? “1.112 (ra 254

- e A A - [ R RU T S R Rt P RN PR Rl TR R SR

APRERULIY 4.3.2 <), Hane~Whitney U tests for changes i smean height of

WA R e wtld

L serices atands from 1973 o 19B4.
AREA AVERACE RANK SANPLE S1ZE I-YaLUE fris 7
1973 19Bé i??@ 1984

W S A e B i b P ka U P ke TP Tl e G Wy A e il e e [ Y .3 u,-nu—um'u-nonnu..,‘ulnu--nuﬁ’]}muwu\
71 18,10 16,82 14 is =3, 340 .519

¥ 2 botios 2,68 S.§2 & & -2. 415 huid

T # tup 15.41 21,59 iq {8 1.793 J, Q0%

T & hottus 1.17 447 ] 8 1. 587 0. 238

T & top 4.0 4.5 4 & i.206 0,228

T 16.5 8.9 ) 9 wli, 752 . 458

APPENDIX 4.3,2 gl, Niann-Whitney U tests for changes in the asan nnaghtu
P,avaaslx standu frou 1973 to 198&.

AREA AVERAGE RANK SAMPLE GIIE  Z-VALEE  Pie2
1923 1985 1975 1998
T4 14,78 14,23 1414 -0.163 0,870
T2 bottom 5,25 7.75 5 b L3l 9.258
T 2 top 16,23 20,78 18 18 1,296 0,195
T & boctom 8,82 5.0 5 5 «0.B27  0.408
T & tup 3.13 7.%8 PR 1.950  ©,051
1Y R g 9 -1,156 0,048

R v, L R L L A A T e O T BT 00 40 S T L L Ll 1 I O e G R e O o W e i S 0 L M

of

135



o

APPENDIX 4.3.4, Descriptions of the density and height changes in re-
survayied woody piots, »nd of the 198 hengh‘"cias; strozture of
additional and re-xurveyed soody pluts. - :

. Al w4 Ay i e Ll - ———

TRANSECT 3

fiennity changas

Poavansii ueclined at sither oo of the Lranssct bul increased is
dansity toward to cenisr befare the obream. L.sgricea uansity remained
low aroand the streas, “at  ipcocased  through the rest of TX,
wepupedally in  the +irst theae plnte, Forast  precursor  spécies
aacreased mackedly in density everywhere excenot around the stream.
This increase was esppeiaily sarked in the lask threw plots {fig.
4,3,3.1),

Height <lass structure

& braakdown of the 1984 height-clasw utructure of the plots saow
that sore dead A.evarsii opecurred in the initial plotwy the imner
plots contained wmore Lallier (03¢0 ) plantsy and that P.evansii
sendling recruitsent was patehy and not pralific, On o other hand,
L.sericen showed haeavy seedling racruitasnt in the firsi three Hlots,
and less in other plots where taller, sature shrubs occourred (Fiq.
4;3.3.53 ’

TRARSECY 2

Density tchanges

In the boltor area of T 2, P.evansid density incraassd in the &
piots. Furthar aloag the transept, incrwsswes in density were patchy.
L.sericea increscad in Uensity in the hottom & plots of T 2. In the
top area, where [L.serices had bean largely abeent in {773, densitios
were still vary low although mors plots were jound %o contain the
species {fig, 4.3.3.0)

Height clase structure

From the height clasa data it was swen that the P.evansii stands
gften concaingd many dest plants, but few senasciay ones {X250zm). The
density of middiw aod smaller sized P.rvansii was higher in plote I3
to 24. Sesdlings were present in aisnst all plots, excluding those on
the stawp slope above ihe stresm. The bottom plots“af T 2 vontained
napy tall O350uw) L.sericers, banpath which secdling recruitesnt wes
prolific. Elsswhare, the spread of this species was limited tos a few
sewdling in 7 plots in the top area (fig 4.3.3.8)
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Denwity changes L

31

Peorvunsii danwitv declined cthroughowt transect &, escept in the

first and last Plots., L.sericer showed a large increase 1 deanity in
the top area, and a seail decline in the areva after the streas {Fig
4,3.,5.%)

Height class structurs

Dead A.pvansii abounded at the top of T &, and seedlingu were
virtually absest from the transect plotx. Plants taller than S0ce
fiw. middie sized and zenescing ones) dominated the top ares ind plot
5. In contrast, l.sericea showed massive seadling recruitment in the
tep avea, scae racruitsent in the firgt plet, and littie in the plats

an ke sieap slope asbhove the stresam, whare tall plants oouurred (fig.

$.3.8.7%,

TRAECE 7 B

Duensity changes

Fowvansii density increased in the plotw on flat grownd before
the siraam, hut decreased areatly ia the other plots. lL.serices
density increased befors the strean, and in the last Lhree plotys op
isns stewep garty of the slops, where it nad besn x1l but absent ‘n
1975, L.sericea dansity declined dlighily on the steep parts of the
slope after the stream (fig 4,3.3.45,

Height class structure

High densities of dead Plevansii oucurved in the last tws plots
of T7, but sewdlings warz $till being recroited there and in the #lat
area before the stream. Llscshers the stands were of, low denwmity and
withaut eepdlings. 1a the last two mivic and plot 1%, Ll.serices
sediings #ere very abusdank, but at the stream amd oun fhe stewp
clopss above it, wherp Ltaller plants were cosmon, racruibtment was
Tower. Tall plants were abkant froe aceas of high swedling densiiy
ti‘igl 4.3-3:5)« ! b

HEIGHT DL STRUCTURE OF 5 DOTIONM. PLOTS

The height classe strocture of plots in areas AR and L are
presented in fig 4,3.3.41, &} to a).

Arax A

Area & was domineted hy dead P.evansis -, with soae setascing
and middie sized plants presaztt in sost plots. Gesdlings occurred in
plot 2 only. In pontrast, L.oericen swedlings abounded i1a the overall
younger stands nf this spacies,



Area H

Area B costained stands of A.evansiz below 2U0cak tall. Only one
stund, which vontained some dead plants, idcked swediings. L.serices
plants, all <150ca. occurred unly in the firzt two plnts.

frma C

Ares C had a disjunct distrinution of size classest Thy frrst iwo
plots had dead plants, piot § being dominated by senescing P.avansil
irdividuals and akelstons, Plots 3 to 8 contained no senescing =lants,
oalz ones <2%0ua, and a few spedlings, L.serices wan absest from all
hlots.

v

Tranuent 7 top ares

The hright-class stracturs of these plpte are shown in fio

138 o«

$.%,3.9. Dwad F.evansii oscurred in most plufs, but no senexcent and .

few middle sized plants occurred. Seedlsogs  and  seallier plants
gosinated the plots. Flnot & contatned one tell L.zericea and a_ few
saailur sized plants and me!dlinqn Wery present in the othar plots,

Ner-th-Wastarn H( 1mluap piots

The narthewesters” husn clump was dominated by tall 1}$SGcni
individuals of L.sericea {F.evangii wan tntally absesnt), Plant qf 50~
2%0a wure intrequent, ang lundlzng dansities wyen ganeraliy low. Nany
plais of other wondy species ware present in this areas, nuntpk in
Pxﬂt 3 (439 4,353,140}, .

!
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APPENDIZ 4.3.4.1, Fearson’s grotuct woment correlation satrix of the
densities of Philrppie pvarsiy (Pe) and Lewcesidea sericen (L%) height
classes, P.evansgii tancpy cover and gress bioesss in woody pints’, for
arask A, B and L. (.50 rpfery 20 gize rluss ZScm to 49es. J15€ 1% 8ice
ciase 50-14%a, #tc).,

s
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APPENDIY 4.3,4.2. Poarson’s product someat correlation satrin ot
lugg;d plot sizw clasx dwnzitios and total plot densities of species,
of ail woody piots.
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