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ABSTRACT 

A short literature rev·.i.ew nn fy·nbos e"coJ .. occ;:v: T. 7 ' th c • ] - ~.) .. :i. • .. ) pec.ia._ 

reference to fire, is presented as an introduction to the 

thesis~ 

Three post·~fire ages of fyn.bos were studied at the Jonke:r.s·= 

hoek Forest Reserve, with the aim of determining the effects 

of fire frequency on the v2getation. The three frequE:n:::.ies 

investiga_ted were short (about six year) :rotation burning~ 

normal rotation burning (about 15 to 20 yeais) and protec-

tion from fire for 37 years. 

Aerial plant b:Lornass was determined fo1: the three post-fire 

r )"-.:, l~ r ·tr i-·· dgt .. s o.'.~ veg_e d .. J_on. 1. t l ( " • - -- d. . ' o aL .Live plus ead 1 bioIT13.ss amounted 

to 6,5 tonnes·ha-l for four year old vegetation, 50 tonnes 

h ~l f 2 . l d ·75 h -l - -·7 .a ·or _1 year ala vegetation an· tonnes a ror J 

year old vegetation. Live biomass apparently increases to a.;:1 

age of roughly 30 years, "'-.,hereafter i.t declines~ w~-iereas the 

total mass of dead plus live material showed an increase 

right up to 37 years of age. 

A total of 100 rele.ves were enumerated using the Braun~Blan-

quet method. Results showed that short rotation burning re-

sultcd in a reduction in plant cover, height and biomass, 

as well as in the elimination of longer lived seed regcmera.-

ting shrubs. Species diversity was high and shorter grarni-· 
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noid and herb species dominated the vegetation. Twenty 

year old vegetation had a high cover and mean plant_height, 

·but species di.vers:Lty was low and undergrowth species were 

of much reduced importance. 

In very old vegetation, larger shrubs were reduced in im-

portance due to high mortality; . as a result undergrowth 

(ii) 

species showed some signs of recovery, and species diversity 
I 

increased. Some germination was not.eds and certain tree 

. species also appeared. 

The results are used to support an ·argument for a variable 

burning rotation of 15 to 25 years for the Jonkershoek 

area. Certain limited area~ which may be seral to for.est, 

should be protected from fire. 
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PREAM13LE: 

This study was undertaken to investigate the effects of 

fire frequency on the fynbos vegetation at Jonkershoek. It 

. was designed as a short-term investigation, the results of 

lvhich would also be suitable for use in a thesis for degree 

purposes. In the. past vrork undertaken for post graduate 

(mostly M.Sc. and Ph.D.) studies has been presented in the 

form of an unpublished thesis.· It would seem that a thesis 

is often regarded, by the author at least, ·as an endpoint 

and that the contents are in many cases never published. 

Th.e main :reason for this is that. a thesis is not written i.n 

a forn1 suitable for publication, and that considerable work 

would be required to make it suitabl~_· Nevertheless sthe 

publication of results of such studies,. is desirable for the 

wider dissemination of information, as thesr:::.s a.re not always 

readily available or even well known. To overcome this pro­

blem1 it '\·ms suggested to me that I ·write ·the results of the 

investigation as papers suitable for publication, and that. 

these be used as the basis for a thesis. 

The results of this study have been presented in two papc~rs: 

one deals with the biomass of the different areas studied, 

while the other· deals with floristic and structural differen-

· ces between these areas. The thesis ~tself is divided into 

four parts. Part I is a general introduction, and consists 

mainly of a literature revie'" which deals with fynbos and 

I 
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the effects of fire. I have attempted to extract relevant. 

information and to use this both to introduce and to justi~ 

fy the study. Parts II and III arc the papeJ:s in which 

methods, results and some discussion are presented. There 

is of necessity some degree of repetition in the introduc~ 

tions and descriptions bf the study ar~a in these papers, 

as well as in the references, but each paper is a complete 

entity, and can be submitted as is for publication. Part IV 

is a general conclusion which lea.ds on from the introduction 

and draws on the results of the study as a whole.· Referen-

ces given in Parts I and IV are included at the back of the 

thesis. 

This layout is similar to that used. by Nilton (1980) and 

I have followed her manner of presentation. 
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PART T; GENEEAL INTRODUCTION --··---.... -

1.1 THE CAPE REGION AND 1..0.:> FLORA 

The Cape Region occupies a. small area at the extreme south-

west of the southern African su.bcontinent. The exact geogra-

phic limits of the region vary according to various authors 

(e.g. Bolus 1905 , Pole-Evans 1936~ · Weirnarck t9L1.l f 

Taylor 1978 and Goldblatt 1978), Goldblatt delineated 

the region as an area. which includes the fynbos veld. type 

as defined by A.cocks ( 19 53), and extends from N:1.et:iwoudtvi J. le 

in the north, following the eastern slopes of the Cedarb~rg, 

and thence east from Karoopoort along the north slope of 
~ . 

the Witteberg, Swartberg, Baviaans Klobf and Groot Winter-

hoek l·foi..mtains ~ ending at Port Elizabeth. A.11 territory · 

so·,.ith and west of this line to the coast forms the Cape Flo·--

ral Region. 

The region essentia.lly co-;,rers the ·cape folded· mcunta:i.n belt i 

the mountains occurring for the most part in subv·pa.ralleJ. 

ranges with an average height of 1000 to 1500 m, individual 

peaks re.s_ching over 2000 m. In the south these ranges. strike 

from east to west while in the. west the strike~ is more nearly 

north-north 'h'2S t. The two series of fc lds meet near Ceres 

where the axes of folds strike east-narth-east (Haughton 

1969). 
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The major ranges are comprised of Table Mounluin sai1dstones 

and the minor ones of ~maller sandstone folds or the Witte-

be.rg qua.rtzites of the Ca1)e " t 1 · 1 J c G · t 0ys~em, w11~e tlc ape r~ni-es 

commonly form-the foothills and lower slopes in the western 

patt. In the intervening valleys and parts of the coast belt 

Bol,.kenoJ_d ·shales, "a .. dst ,.. '1 C S t d the ·'- "c:_ ., 11 · . smes or ,:: 1e ape ys :em an. . . : 

Malmesbury shales of the Archaean Complex form the underlying 

rock. The coastal lowlands consist of sands, conglomerate 

and li.mest:ones of Tertiary to Recent origin "(Taylor 1978). 

The so:Lls on mountain slopes arc mainly weathered from sand·-. 

stones in situ and are generally acid, leached and of low 

fertility. The soil in the valleys derived from Bokkeveld 

shales is clayey? more fertile and of~good texture especially 

where it is mixed ·with some sand from the mountain slopes 
'. 

(Wellington 1955). Soils derived from granite are mostly 

sandy loams (Taylor .1978) and are also generally of higher 

nutrient status than those derived from sandston~. 

: The climate of the region is mainly of a mediterranean type 

(cf~ di Castri and Mooney 1975) and rainfall is usually from 

300 to 2500 mm or more per annum (Tavlor 1978). In the wcs·· _, 

terri part more than so per cent of the rainfall is in winter 

(Marloth 1929) and the resulting summer drought is allevia~ 

ted by the moistu~e bearing clouds of the south-east wind 

(Marloth 1904; 1907; Stewart 1904). Travelling eastward 

from Swelll:;ndam the rainfall becomes more evenly cLLsLri.butecl 

throughout the year (Taylor 1978) .. 
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During the winter snow falls regularly on the higher moun~ 

tains, especially in the west, though iri the lowlands frost 

is ~are except in some deep valleys of the interior 

(Taylor, 1978). : ·, ., 
; : 

The Cape flora is one of the most distinctive in the worldy 

having been given kingdom status by most.plant geo"'.: 

graphers (Good 1964 ; 'Takhtajian 196~;). · It is the smallest. 

of the six Floral Kingdoms of the world, representing only 

4% (89 000 km 2) of the total land surf~ce of southern Africa . . . ~ 

/ 

that is South Africa., Lesotho~ Swazi.land, Namibia and Bot--

swana. \.Jithin this. region there occur 8 550 species~ of 

1 • h 7 ")% (-. ') r.· 2 . - :; .· . 'T'h , .. , " 8 r.; ,- 0 . W11lC · ..) o; or D ;..._) speCJ..eS? are e1.1oem1c. .i.. e.:>C _1".) Species are 

·in ° r;7 gr::.I"''"ra ..I. . - - ;J -J .. - '-~- - ~ $ of which 198 genera are endemic. Seven 

r ·1· ·1 ·1 B . P :carni .J_es ~ name __ y t ·1e - runJ..acea.e~ eneac.eae~ Grubbiaceae~ 

Roridulaceae, Retziaceaej Stilbaceae and Geissoiomataceae are 

also en~emic to the Cape Region (Goldblatt 1978). 

Acocks (1953) recognizes seven veld types within the Cape 

Regio~ (Taylor 5 1978). Three of these types, namely the 

Knysna forest (type 4), Karroid Broken Veld (type 26) and 

Strandveld (type 34) occupy minor areas of the ~ape Re-

gion. 

The foe.r important·types~ in terms of area, are Coastal 

Renosterbosveld (type 46), Coastal Macchia (type L;7), .Hae-

. I 
/ 
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.chia (Fynbos) (type 69) and False Macchia (type 70). 

Fynbos is an indigenous word probably used for the first time 

in the literature by Bews (1916) and now replacing older 
.. 

ambiguous terms such as Sclerophyllous Bush ( Schimpe-.r· 

1903, Pole Evans 1936, Ada~son 1938), Sclerophyllous Scrub 

(Riley and Young 1966)) Maqui (W'arming 1909), Macchia 

(Phillips 1931, Acocks 1953, Roberts 1966) and Heath 

(Martin 1965). The word implies both the fine leaved ftn·m 

of many of the shrubs and the bushy nature of the vegetation 

(Taylor~ 1978). 

Fyn.b_os (-type 69) is the characteristic element of t'be dis-
-

tinctive Cape flora (Taylor 1978; Goldblatt 1978). The 

distribution of fynbos follows a geological rather than 

climatic pattern~ with most fynbos and cer::ainly all fynbos 

in marginal areas, restricted to sandstones of the Cape 

System. The pattern of winter rainfall does not follow, 

except very generallyj the distribution of Cap~ Sandstones; 

with winter rainfall extending. somewhat inland &nd far to 

the north of the Cape Region. Moreover, in the eastern 

portion of the Cape.Re~ion at least half of the precipitation 

falls in- t'i1e summer months. (Adamson 1938; Coetzee and 

Werger 19~.5). Fynbos vegetation would appear to be linked 

to the peculiar soils, under climat~s of rather irregular but 

yea~~round rain (boldblatt 1978). 
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Floristically, fynbos 
str'-l:Vig 

can be defined by one or.two salient 

features:· the lack of single species domiD.anc.e; and/ or 

the conspicuous presence of members (,£ the family Restiona.- · 

ceae (Taylor 1972). Physibgnomically~ fynbos i~ character­

ised by three el<=:ments: r.estioid, ericoid and proteoid. 

These· elements comprise plants that resemble typical members 

of the RestionaC:eae, Ericaeae and Proteaceae· respecti·vE;ly 

in growth form but do not necessarily belong to these fami·-

] . . J.eS e The Restionaceae an.d some Cyperaceae give the vege-

tation its most characteristic physiognomic feature - the 

restioid element (Taylor 1978). At Jonkershoek and else­

where~ Bo bar_~~ .?J1di~§:. L •. ( Iridaceae) cou1d be considered 

as a member of the rcstioid element due to its abundance 

and tufted habit. The onl.-y other constant physiognom5 c 

feature, the small narrow often rolled leaves of some of the 

shrubs, is the ericoid element. Typical Ca;:-e plants repre·· 

senting the eri~oid element belong to families such as Erica­

ceae (E:r.ic51) 
1 

Rutacea.e (Ag~0t_l1os~~), Bruniaceae (21£~lT.1..J:..~) ~ 

Polvgalaceae (Muraltia) ------ ' Thyrn e 1 iac.ea e (Struthiola) arid to -------' 

(Rosaceae), Phylic8. (Rhamnaceae) and a number of Asteraceae _._ .... _.. ... __ . . 

including Metalasia and Stoebe. Taller bushes with moderate 

si:--'ed hard leaves with a dull surface,. comprising the pro­

teoid elemPnt ,· belong mainly to the family Proteaceae e.g. 

Lcucadcndron, Leucospermum, Mi.metes and often Pr:o.tc§:. itself. _ ... ____________ ----.. --.---..... - --.... -·--.. -
In certain habitats this element rriay be absent (Taylor' 1978). 



I
: 

. 

I. 

A.6 

The Department of Fore~try is by· far the larg6st single 

·controller of mountain land under natural vegetation in the 

Republic. In the l\festern Cape it .O"wns approximately . .. . . 

267 000 hectares of w~afforested mountain land, m11ch of 

which con.stitutes important catchment. areas (Kruger 1974-Y. 

With the incorporation of private land :i.nto proclaimed n101J.r1~· 

tain catchment areas, this figu:ce will be more than. doubled. 

Most of this area belongs to the fynbos ,jeld type. 

The catchment areas are managed by means o:E presc.1'."ibed ro·· 

t t · 1 ' · ',_P
1
i·.--.• i· ~ ~;tud;" ·.·L,.., <'1i'me . ..-1. c:~'t: assess-_i·,100- some effects ~a-iona ourning. . _ _ _ J ~- • 

?f differing rotations of burn on the vegetation at the 

Jonkershoek Research Station . 

1.2 THE ROLE OF FIRE IN FYNBOS 

F:Lre has occurred in fynbos for a long time. Fires of 'human 

origin have occurred at least for 2 000 and possibly e\1cn as 

much as 250 000 years (Kruger 1976, Klein 1977 ),but natural 

fires cccur too and may be a phenomenon as old as fy1;.bos. 

At present, fi.res occur in fynbos communities at intervals 

of betwt~en 6 and 20 years 5 but may occur more often or less 

frequently under human inf 1uence. Current iii.formation is 

set out below. 

We know from the chronicl~s of early Portugese navigators 



A7 

that fynbos was burnt long before Van Eiebec?.ck landed at 

h C ( T 1 J a-3\ t1e ape see ayor _ _,; ;. Cape farmers learnt the prac-

tice of veld burning from the Hottentots in the early days. 

From the outset~ tb.e Government was against this practice. r 

and a law passed in 1687 imposed severe penalties for veld 

burning. Despite thes<=~ laws veld burning 'i'lent on (Botha 

192/i.). It v;as at the beginning of the 20th· cc~ntury that 

the battle against veld fires was tackled in earnest (Levyns 

1924, Marloth. 1924~ Pillans 192L~), Marloth (192L:) postulatc:.d 

that veld burning 1vould lead to "the C:~xtinctior1 of many specJ_es 

1 h ;: ·l~··-~ 11 a.no per aps even gc::nera o,__ lL.o.HC0 , He mentions hundreds of 

species of plants in herba:cia which hD.d been collected by 

older botanists 11rnore than a hundred y~ars ago and have not 

been seen agai.n s::_ncen. P:Lllans (J.~2l~) mer:.ticns thst. the 

average extent of tall shrub-f o:crnation and fore.st ha.d been 

gr.eatly :cecluccd in the Cape Per:l-;:-Lsula due to continual burnin6. 

T {·" ' 'T f .,, r - ri t , n r~ 1 ] i· .; (r f' _. .. ·' 'T' • .. '· ] ·' l'" ·"' ,,-, ... ::-· .; ,.., . ~n a Si...u.G) o rt:.generc. J .. un o ..... o .. 1~.n0 .J.J .. C ori ~etD .. c .i~t,,,L .. ,,,J .. •• 

Adamson (1935). noted that certain broadleafed ~n<l shade loving 

.hemicryptophyt.es had disapp(~ared u.nd five species in total had 

failed to reappear after 6 years. Jordaa11 (l9L\9) fouEd that 

Protea reoens (L.) L. requ:i.r2s an eight year period between 

burns to attain maturity and form seed. Burning on a rota-

tion of J.ess than eight yea.rs ·wil.l eliminate the species be:~-· 

cause regeneration following fire is by seed. He suggested 

that the same must be true foJ: many other· species. He also 

suggested that burni:ri.g at certain times of tlw year "\<V·ould be 
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dangerous for certain species, and later substantiated t11is 

with evidence of the disappearance of certain plants follow-

ing a winter fire (Jordaan 1965). In contrast~ van der Mer-

we (1966) found that all species regen.erated after fifteen 

v years following a February burn in S'i·Jartboschk:loof. Dr CL 

Wicht w2_s one of the first to seriously consid0r burning as 

a natural phenomenon in the yegetation~ and to suggest it 

as a management tool (\\iicht;· 1945). His publication admitted 

that at that stage data on the precise effects of burning 

were not available$ and emphasized the need·for such data. 

Le Roux ( 1966) mentions .s.rea.s of fynbos which had become total·~ 

ly rnor:Lbund C'doods") due to protection from fire a.nd that 

game and birds were no ] ., -. ·7 . • t·· 1 .. "' .... f ', , _QL0 e;_ .0 ,_,c .-Oul10 there. Tbers 

is a .lack. of ill.formation 011. the subject in South Africa, bui: 

Specht et al (1958) found ths.t on a n.utrie;J_t··poor sar1d soil 

to a 

reduction in the number of species in a stand (after , . 
I)1,J.'J~1~1)_"flg, 

36 species, after 25 years, 20 species and after 50 years,· 

only 10 spec,ies). They suggest that this is due to the ces·· 

sation of transfer of miner-:il nutrien.ts to the above·-ground 

parts after a certain stage because these are needed in the 

roots and underground organs. Above-ground groi·Jth stops and 

the vegetat5.on becomes moribund. 

Martin (1966), in concluding a study on the effects of burn-

-ing in the Grahamstcnvn ax-ea~ made the following points: 
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(a) Repeated burning of heath at relatively short inter~ 

vals leads to a predominance of geoxylic shrubs and 

,' 

grasses and the total elimination of Erica d~mi~...:sa Kl, 

ex Benth. and E. chamis~onj~Kl. ex Benth., resulting 

in the establishment of a "grass-heathtt complex. 

(b) On the other hand,. prolonged absence of fire must re-

sult in some herbaceous _species and possibly some shrubs 

becoming rare or ~isappearing. Irregular occurrence of 

fires appears to·be essential to the maintenance of a 

diversified flora. 

( c) Controlled burning of heath at average inte~cvals greate1:-

than 8-10 years, but not necessarily in excess of 20 

years, seems to be consonant with the maintenance of 

all components of the·present 
,,. ..... 

::~ lora. 

A9v 

The following points indicating further that fire is necessary 
• in fynbos, and that complete protection will lead to exti11c-

tion of species are made by Taylor (1972). 

(a) Many corr.ponent species need fire for their reproduction 
• 

and survival ( a.s examples Orothaf!!E._l.l~-~_y],:ieri Pappc~ and 

Serruria f lorida Knight). 

·(b) Some species put out toxins.from their roots that alter 

the so:i.]_ environment adversely. Their effects seem to 

be cumulative and ·hc-:nc.e are most felt in old stands. 

These toxins are probably destroyed by fire. • 

• 
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More recent experimental evidence shows that these toxins 

are not likely to be root secretions. Christensen and Muller 

(J.975) show· that leaf secretions and leach.ates acc.umu1.ate 

in chaparral litter and soil and inhibit germination. How­

ever, although Taylor has mentioned these toxins, there does 

not apJ!ear to be any docun1ented evidence of this phenomenon 

in the fynbo s. · 

The fi_rst poirits namely that certain species are totally 

dependent on fire for regeneration, has been supported by 

Kruger (1976). Examples are fire lilies (~yrtanthus. species) 

which £lower only in the first year after fire and remain 

dormant until the next burn; certain f:.spalath~s species 

whose seeds germinate fre'ely after a· pt~.rn to" produc'e a 

population of vigorous plants ~~ich grow rapidly and pro-

duce seed :Ln the:: third or fourth year after burning, dyiri.g 

thereafter to survive in the community as dormant seed.; 

and finally f.E_otea_c;:_ea_e-J.. which return from dormant see::d, grc)''iv 

slowly and seed after 6 to 8 yeaTs and then die off from 

an age of 30 years or so if further fires do not occur. 

Fires occurring before a species has reached the mature 

phase. will tend to eliminate that species. 

Further, the probability of occurrence of fire increases 

as the community develops due to sl.ow decomposition and 

rapid accumulation of .dead plant material with senescence. 
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All 

Evidence also suggests th.at areas which have not been bu:rnt. 

for some time (20-25 years) regenc~ate better than areas 

that are continually burnt (McLac.hlan and Moll 1976). In 

contrast Bond (1980) presents evirlence to show that a burn 

in 50 year old fynbos in the Southern Cape resulted in very 

poor regn8ration cf seed rege~erating species. He suggests 

that this is clue to degrad.c::tion of the seed poo:L vJith ad·~ 

vancing age and scenescence of the vegetat1.orir 

There :Ls acceptance today that fire in fynbo.s is a natural 

phenomenon. Fires caused by lightning and falling :rocks 

are commonplaces and there is no reason to believe this 

was not so from prehistoric times· (Bands 19T7). Moll et 

al (1980) have postulated that the lack of tree vegetatio~ 

in the fynbos may be due to a:n increase in flre frequency 

since the advent of pasturalists .about 2000 yEars B. P. ; 

this is based on the assumption that .there m2.y be an 11 empty!t 

tree niche in the. fynbos (Campbell ct al 1979) )· but t.b.is 

has not been. ~:mbstard::iated. 

The Department of Forestry had adopted a policy of protec-

tion of mountain areas from fire since being e.ntrustf~d with 

the land through the Forest Act of 1913, and in the case of 

the Cedarberg since 1876 (Bands 1977). 1'1 • 
i1.:!~ s policy proved 

largely unsuccessful (Kruger 1974) and uncontrolled fires 

burnt large areas of. fynbos vegetation . 
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The accumulation. of evidence indicating that complete fire 

protection of mountain fynbos was not only impracticable. 

and costly, but also undesirable as a conservation measure~ 

ultimately resulted in the Department of Forestry adopting 

prescribed burning as a catchment management and ecosystem 

conservation tool. In a memorandum drawn up in 1968 the 

policies of the DepHrtment were revised$ and the principle 

of using prescribed burning as a mangement tool was accep··· 

ted (Wicht and Kruger 197 3). Rotation and practical 2x·e-

·cution of the policy would vary from place to place and 

research into th.ese questions was to be tack.led in earnest. 

In a preliminary report on the management of the Marloth 

Nature Reserve (Swellendarn)~ a burning rotation of 8 years 

was proposed to allow species to mature _and set seed v.1ri.ile 

at the same tim8 preventing the c.om:.:unity from reaching an 

overrna tu re stage (Department.al rep.art, unpul; lished 1970) . 

this allowed for planning but flexibility was emphasized shnuld 

later assessment of this rotation show a need for change to 

a longer rotation. Rotations for other areas, for example the 

Kogelberg, were set at twelve years (Kruger & Lamb 1979) o .-

Present policy calls for burning on a twelve year rotationj 

with burning in late s~rnmer (Bands 1977). However, flexib:Lli·· 

ty is still stressed and Kruger and Lamb. (loc.cit.) have 

given the fellowing guideline: the rotation should be long 

enough to permit at. least fifty per cent of any se12d-re.gene­

rating plant species population.in a compartment (area to be 
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burnt) to b.ave flo 1:vercd and set mature seed for three succ.:es·~ 

sive seasons. It is not reasonable to wa.it for the whole 

population to reach maturity, because there are always suppres­

sed or inherently slow members of the population which do not 

reach maturity. Kruger and Lamb (loc.cit.) :recommend that the 

burning rotation at Kogelberg be lengthened from 12· to 15 

years on the basis of data thev collected there. 
-' 

1. 2. 2 §EecieE< __ survi,;::91, .. fol l_Q.Wi,li&...!iE~ 

Most fynbos species survive as individl1als through ve~;etat:Lve 

regeneration (W:Lcht 19L~5; van der M:en·Je 1966; Taylor 1969). 

Sixty-seven per cent of species in S·wartboschk.loof 1 for exaE1··· 

ple had the capacity for vegetative regeneration. No quan-

· ti.tative data on relative survival :cat,es of sprmJ.ting 

have been published. 

Wicht (1945) has listed four ways in ·which plants survi·.re fire, 

These are: 

(a) Geophytes - plants which have a regrowth f L"om underground 

organs. 

(b) Plants which are killed by fire but regen.erate from seed. 

(c) Plants that sprout from rootsocks. 

(<l) Well insulated plants (with thick bark) that grow again 
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from dormant buds. 

Most woody species) especially the dominant shrubs, rely 

on seed for survival of fire. 

Species surviving in. the form of seed, show various adaptive 

strategies (Kruger et al 1977) 

(a) Bradyspory or serotinyo In a number of shrub species: 

seed is retained.on the plant in a protective 6rgan 

for at least one season after maturation. This is 

typical of many species of Protea and Leucadendron and 

of Bruniaceae. The strategy is best developed in 

I--euca.9._enC':_f9n species where st.:~d- is retained in hard$ 

woody 11 cones" and may be held on the live plant for 

up to eight years" 

i-.n1en a_dult plants are killed by fire, the serotinous 

organs open as tissues dry and seed is then released 

into a safe environment. 

There is no evidence that heat is required for seed 

release as i.n, for exarnp le_, Ban_k~}-a ( Coaldrake 19 51). 

(b) Protected seed. Some Proteaceae~ such as !_,euc_!_?_~J~-~r@un: 

species, release seed annually on ripening. These have 
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a hard impervious seed~ coat, and remain. dormant (Brmvn 

et al· 1971). They apparently survive fire on or in the 

.~ d . t .. , f f• soi.t an gerrrnna -.e rea.cLL.LY a -ter :::.tre. 

l_J 

(c) Abundant seed. Many. dwarf and low shrubs shed copious 

small seeds annually, and these are typically mc:'rnb8rs 

of the Ericaceae and Asteraceae. Seed are not protec-

ted in any notable way, but show symptoms of dcrmB.ncy. 

It seeais that a sufficient proportion of the extremely 

abundant supply will survive fire to re-~stablish th~ 

popula.tion, Levyns t .1vork. on ~_!yg~_r:_~J2.12.\:~~~ g1Qg.5:1.~~J_Q_0_'.:J.§. 

Less. provides an example of this kind (L2vyns 1955). 

Martin ( 1966) contends 5 howev eJ:>; __ that Eric~ gL~§~!_t.~3 sor!.L:~ 

K. ex Benth. regenerates from wind-borne seed from 

sources outside .the burnt area. 

V~getative plants begin to sprout within fourteen days follow~ 

ing fire (Ada.mson 1935~ Wicht 191'.'~8), and germir1ation occ-ars 

dur ·ino- t11,-, fi0 rst ce•::>C'Qil fo]'i('\,7-1·1-c· fJ•·L·e USUa 1 lV ·in \Cf"J!}'frpr . ..... 6 l-C. ~ -.).Ct.u -.- .. -./1.Llb .. ' . ..L J ---· \_.1 .... _ .... _., 

The rapidity of a plant species response. to a fire depends 

· 6n the timing of a fire in relation to the phenology of the 

relevan,t species. For example~ Wat:_sop_~-~ I?.XE.9:!2! .. ~c.sl_~ta_(Andr.) 

Stapf at ~Jonkc~rshoek, suffers no t;ro1·..,Lh cheek if burnt early 

in the growing season (April ·or Hay); tbe t0ps of leave[i arc 
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scorched or burnt off, but contintli€.to grow from intercalary 
. . 

meristems (Kruger 1~78). Restionaceae, Cyperaceae and Poa-

ceae behave similarly. 
\ . 

. . 

On. the whole, reproductive :cegeneration occurs during the 

first season after a fireo It appears that germination 

starts in ·winter (July to August) a11d cotyledons emerge bv . _, 

late winter or ea.rly spring (August to September). On moist 

sites gei.111ination may occur out of season (Kruger l972). 

There is some evidence from casual observation that 

tion may~ in some cases (such as Erica h:Lsp_id~la L. 

c•ermina-0 

at 

Jakkalsrivier ne~r Grabouw) be· delayed for several seasons 

- until a suitable microclimat.e J:-1as dev~loped (FJ Kruger 

pers.comm.). 

Wicht (19Li-8) li.as analysed the early response of fynbos com·~ 

munities in detail. The effects of burns in January to ApriJ_ 

were tested in a statistically designed experiment and he 

reported results recorded in the succ_eeding winter and spring. 

Sprouting of graminoid plants began within a week after th.e 

burns, and shrubs sprouted within three lveeks, · in spite of 

hot dry conditions. At the onset of rains 'in April, sp1:-out ing 

accelerated, germination began, and geophytes began to 

develop foliage. "The experiment provided no evidence at 

this stage that gerrnination of seeds and dc::velopment of 

geophyte.s were either promoted or retarded by fire 11 
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Unfortunately, Wicht did not publish any further results of 

his experiment. The effects of burns in every month of the 

year \';ere to be tested, with adequate replication. To per­

mit this small plots (4 m2 ) were used; th.is 'ivas a ·severe 

disadvantage. Natural burns, for example, were not possible 

and fuel had to be added. 

1. 2. L:. Devc 102ment of the comrr~_un2::..!:.)~ 

Taylor (1969), has described the development of a fynbas 

community from general observation, and is worth quoting 

in full: 

11 Floristically, the community is richest two to five yea.rs 

after fire when annuals, geophytes9 sprouting perennials and. 

seed-regenerating shrubs all occur together. In subsequent 

stages the last-named predominate while the other three clas-

ses become ~o~ibund and eventually die out. Converselev. stra-
~ , 

tification is simpl~st in the early stage and becomes more 

complex with advanc:i.ng. age. P.fter ::ome. twenty years of pro-

tection ·from fire all the layers become moribund; the erner:-

gents and canopy shrubs s lo·wly die out, littering the ground 

with dead twigs and leaves which decornpos~ sl<Ywly, su.ppres-· 

sing even the sprouting element of the lower layer ... On 

more level, less rocky ground (at Cape Point), fynbos may be 

self-perpetuating by regenerati6n of the early stages in 

openings caused by the death of shrub~-> in the mature comrnu"· 

·-· • t II nJ_ -y ~ 

' ,. i 
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< This .account is largely supported l?Y those of Adamson 

~ (193.S), Wicht (1945), Hall (1959) and 1'~ruger (1972). 

J Adamson (1935) analysed the succession of life-·forms and 

species after fire, and his results ma.y be summarised as 

follows: 

(a) After fire there was an increase in geophytes and a 

small increase in annuals. Chamaephytes showed a pro·~ 

gressive increase. 

(b) The number of species showed a progressive increase 1 

. ( \ 
CJ 

and \·ms larger than the original number after six 

. years . 

Immediately after the fire there was an increase in 

· the ratio of nanophyllous to leptophyllous nanopha-

nerophyt~s owing to the ~act that many of the former 

sprout freely from the base after burning while the 

latter regenerate only from seed .. · 

(d) Grass-like hemicryptophytes increased and relatively 

.... · 

broad-leaved hemicryptophytes decreased in percentage 

after burning, giving a more xerophytic aspect to the 

.vegetation. 

In the Kamiesberg, a zone of arid fynbos, Adamson (1938) 

found that a large number o)f annuals and small plants be.came 

temporarily i')rominent after fire, the actual species varying 

with season of the fire and the distribution of rain following 
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it. Burning in the early summer resulted in a great spread 

of l!.?-h!enbergia 1:g1m~~a Sond., P£l~Eg?·Q;}-u~sp. ~ Pent<J._sc1-i:.ts­

,!_:is. :eatula (Nees) Stapfj £~nc.hu~I§: cap_er_iEi~- Thunb. and others, 

There was no large increase in geophytes, and regeneration of 

bushes commenced at once from eithc:.~r persistent basal parts 

or from seed. 

Wicht' s experiment (lvicht 194-8) contributes some detailed in-· 

formation on the early stages of community developrrwnt. 

Further contributions were made by Kruger (1972). It was found 

that rapid growth followed burns. Both canopy and basal 

cover reached 70 to 90 per cent of original levels within 

25.to 30 months after fire. Sprouting graminoid and 

restioid species contributed most of ~he cover at this stage. 

In a subsequent. contribution (Kruger 1977 .) he reported 

on early growth of fynbos communities. Tho. data indicated 

that phreatic commw1ities grow at a rate of about 3 400 kg 
•• 1 -1 

ha "'"y~c in the first five years, whereas low shrub cornrm .. JD . .J..·~ 

ties on dry sites had rates of inc:cement as lov;r as 1 000 kg 

-1 -1 -1 -1 ha yr over the same period. A rate of 2 500 kg ha. yr 

j 1 1 Yoll g '-',_and 0 . ,-, ·r· e r 1 orn -·1 I1a1- r:. Q1 appearer a reci_sona) e average. n. "'1.. . ,_ ._, ""- _ - u '"-- _..__, . 

by hemicryptophytes ~ which comprise about 2 000 to .G 000 

kg ha-l or c.bout 60 to 75 per cent of the biomass in stands 

of about f~1r years L. 
0.1.. age. Tb.is e:Lement per:~ists and is 
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still significant by the age of sixteen years, although 

it declines relative to shrub biomass. Kruger· et al (1977) 

cla.ssif ied pyric succession in fynbos communities into five 

phases, given below: 

·(a) lmmed:Late post-fire phase. The first twelve months 

after fire are crucial in fynbos conservation since·onl.y 

during this interval do various species appear in the. 

sexual phase (annuals, and lffire lilies"), and does 

sufficient germination oc.cur. Sproutiug ~pecies, es-

pecially hemicryptophyLes, reappear rapidly and soon pro-

vide an effective cover. Some a·re. alr_eady able to flm·wr 

and set seed. 

(b) Yout~ phase. During the intervals betwen two and four or 

five years after fire the graminoid herbs reach. rnaximtlc'Tt 

biomass (up to 8000 kg ha- 1) and usually dominate cornmu-

nities" Canopy cover -approaches ··pre-burn levels. Rems.in-

ing sproLJting species attain reproductive maturity. Opportu·· 

nistic shrub species (As_p_<?-lath~~spp. 1 E~_p-~ abr._pJ::a~!if.£-

• )j._us (L.) D~. mature and die. Longer lived shrubs begin to 

emerge from the canopy. The veld becomes ir1f larnmable at 

about 4 years,as dead shoots and leaves of hemicryptophytes 
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accurnulate. 

(c) Maturing phase. In the::: subesequent intGPnd., up to about 

. (d) 

(e) 

10 years after fire, D.11 species reach reproductive. ma·~ 

t-ur··~ tv • - J.. .,I • Ta.11 shrubs emerge and adopt thG ascending 

branch habit . 

Mature phase. Tall shrubs at.ta.in rnax:trnum height and full 

rounded fo:crn, with maximum fl_o,;i1eri.ng activity. Seed·~ 

regenerating lo·w shrubs (e.g • . ~E~S-B: spp. )·begin to d:.Le; 

litter accumulates and lower herbaceous strata are re-

dticed in impcrt~ance; no germination occurs. 

S ·e.,,., 0 ''r- 0 11+ p·11~se t.1cv ...... '-.:: .. ·"-" .. a .... _ - e Mortality among seed.,:regenerating shru·L:,~; 

accelerateE;, foliage on survivors -is reduced to ·tufts 

at U_ps of branches and crm\rns .l~ecorne operq w~_ th Lhc 

opening of the carn;-py:- some seed 1'.:'-ep·roch1ction rna.y oc.c1_ir. 

There is further accumulation of dead plant material. On 

specials limite.d sites which are both fertile a:t1d have 

moist soils~ immigration of forest precurE;ors may occu1:-. 

Fo 11 o~~na Gi]~J. (1°7~) .1. .L h .Lt ·(_-;, -::I-·- _ .I - ' the components of a fire regime are 

given as the variables (a) fire intensity, (b)' frequency of 

'fire and (c) season of fire occurrence. The vegetation as it 

stands is a product of the fire regime. 

Data on fire behaviour and intensity in f~1bos are few, anrl 

Kruger (in Day et al 19/9)~ suggests that fynbos fires are 

l 
' 
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not exceptionally intense. Evid~ence from elsewhere indica-

tes that . .fire intensity may h.ave a pronounced role in govern­

ing species survival, regeneration and subsequent community 

development. Van Wilgen and Kruger (1978) found that fynbt'.'s 

communities underwent little change when subjected to six 

year rotational burns at Kasteelkloof in the Paarl district, 

although there was a reduction in the importance of seed 1.:-e-

generating species. Other experiments on burning rotations 

have not yet been· reported. 

The present policy of: burning on a twelve year rotation is 

a compromise between requirements of fuel control and high 

quality water production on one hand and conservatior:1. of. 

natural communities and sound soils on the other; tlte fonner 

consideraticns tend to support. relatively frequent burns 1vhLLe 

the latter s;r..port ~:.he opposite. -The twelve year rotation is 

based mainl/on considerations described by Jordaan (1949, 

1965) and will permit all 1 plant species to reach reproducti\re 

maturity in most cases, without allowing excessive fuel accu-

mul.ation (Garnett 1973). 

There is almost no information upon which to base prescrip-· 

f b (] 019 106~) tions with respect to season o the urn. Jordaan -~ • , ~J J 

has described certain hypotheses from the study of the life-

cycle and phenology of frotea~repens, and from field studies 

after a winter burn on Paarl Mountain. He concl.uded and 
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showed in that instance that burns from April to June were 

. unfavourable, and burns ir~ . .July to December unsafe for 

P~2.t~§:_ J~§J?.e~. and . that other Protc::aceaE; could respond sirni··. 

·1 ar]--r -·' . -) . . This he maintains was due to the fa.ct that seed in 

cur.rent inf loresc.ences was not mature dur.L n.g the periods in 

que.c.;tion. Neverthelsss his tentative hypotheses may be ques·-

tioned. Field observation.s at Jonkershoek: iDdic.ate success·~ 

ful regeneration of P. renen;:; after suff ic:Lent seed wa.s held ·---l------
in serotinous :LnfloT(~scences to ensuJ.:'2 adeqttate supplies·. 

(FJ Kruger, pers~ comm.). 

Nevertheless~ Jordaan' s 1:1ork has emphasised the irnpo·rtance 

of .life-cycle and seasonality studies in relation to the ef-

feet of the season of a burn. 

Kruger (1972) was not able to find si.gnific.3.nt effects of: bur_·ns 

in different seasons on o\rerall cornmu-o.ity c.ompositi.on in the 

S'-···rly at Ja1Yk·al 0 ri VJ' eJ-L..U\... L'...~ -··~J-- __ .. _(! There · .. vas a 10\·Jer biorna.ss on autrnnn. 

than on spring burns six months after the autumn and one year 

after t!he spring treatments. This difference '·ms chiefly the. 
\ . 

difference between biomass of restioid and graminoid compo-

nents '~ich grow mainly in late winter and spring. These cornpa-

nents would have gro-vm. for two seasons qn the spring burn.s, 

and one on the other. 

O.c gno-l1··r1 .. ec L ,c !:'•·) ~ -v~ 
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in that at least ten times as many rar:nets flmvered after 

autumn .burns as did after spx.·ing burns (Kruger 1978)., 

''· 1· 

1. 3 STRUCTURE OF FYNBOS COJ:f.MUNITIES 

Structure of vegetation is the.three-dimensional arrangement 

of individual species in time and space. It is variable irt 

both time and spaces and has two major components. Pattern 

is horizontal dispersion of species and species populations, 

while stratification is the vertical distribution of species 

and species populations (Gimingham 1972) •. Stratification 

reflects niche differentiation in a plant community, but 

the structural component of niche differentiation is normally 

analysed by a study ~f life-form. 
-··-~ 

Few data are available on the structure of fynbos communities. 

The high species divFrsity of fynbos c-ornmunities is often noted 

(Wicht 1945 Acocks 1953; Boucher 1972;· Werger et al 1972) 

and this is probably reflected in peculiar features of commu~ 

.nity pattern. 

There.is a broad gradient in stratification, with many'"'layerecl 
~ . 

communities occurring on sites at lower elevations, while 

simple low communities occur at u·pper exposed sites (Adamson 

1931). Adamson (1938), Rycroft (1950) and Van der Merwe 

(1966) present quantitative data on the life-form composition 

of medium and tall scrub fynbos communitiesc 
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Adamson (1931) described a fynbos community approaching 

climax on Table Mountain (Cape Tmvn). The community .was 

stratified; the uppermost stratum~ composed of Prote~ 

1...§'pt_do~dendron (Lo) L~ \\1as by no me.ans continuous. The 

bushes were scattered and only occasionally formed groups. Be-

tween and belo·w them was a lower stratum of sh.rubs and mono-

cotyledons~ w"ith· smal.ler plants forming an i nc.omplete herb 

layer. His analysis of life forms is sho·i~'Il in Table 1. 

TABLE l: LIFE-FORM COl,1POSITI.ON ·or A TABLE MOlJNTAIN FYNBOS _________________ ,... ___ ,..,.. __ .,. _______ _ 
C01'11'fLJNITY (Adamson 1931). ---·---

·---.... --
LIFE FORM 

Microphanerophyta microph.ylla 

Nanophanerophyta nanophylla 

leptophylla 

with compound leaves 

Chamaephyta rnicrophylla 

II 

II 

II 

nanophylla 

leptophylla 

with compound leaves 

Hemicryptophyta with assimilating stems 

\" with "grass ha.bit" 

Others 

~··- ..... ..... . -·~ 

SPECIES AERIAL 
PER CENT COVER 

PER CENT 

l 

7 

15 

2 

1 

6 

12 

]_ 

9 

10 

35 

] L ,. 
.:+~:!. 

0,2 

0 5 , 

6,9 

0,9 

2,5 

---------.. ------·----~--.------·---------------. -·-
In a later publication Adamson (1938) calls the vegetation type 

in which we are interested "scl.erophyll bush11 and gives the 
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following description: 

"The climax community is a relatively dense and complex one, 

made up of bushes or occasionally of small trees. In its 

fully developed form it has three layers. The uppermost cons:=.-

~dsts of larger bushes 1 5 5 to 2, 5 rn high$ most. of which have 

flat leaves of moderate size, but hard and with a dull sur-

face. Proteaceous shrubs are abundant.in this ~pper layer. 

·Of these Pr9_tea~ Leuco~~rrnurn and Leucadendron are abundant 9 

together with ~1ay~nu;.§_, He~ and a number of others. The 

uppermost layer is rarely continuous~ Below is a de.nse laye:c 

of small shrubs with thin and more flexible stems and typi-

cally sm~ll heath-like leaves. A large variety of plants 

takes part in the building of this stratum~ 

Shrubby members of Compositae, Ericaceae~ R-t.::.taceae and many 

others are abundant. Below and bet·ween these· bushes are smD.l ler 

woody plants, herbs and geophytes in considerable numbers. 

Restio-oaceae are of ten very abundant in the lower strata~ 

A - 11 f . • b tr .h.nnuaJ.s are usua y ew J_n num er ·e 

Rycroft (1950), working in Biesievlei~ Jonkershoek, fou.nd · 

that hemicryptophytes had the highest mean species density, 

and ·were clrn:;ely followed by geophytes. . The following was 

the order of mean species density per quadrat: 
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Hernicryptor,hytes 

Geophytes 

Nanophanerophytes 

Charnaephytes 

Therophytes 

1,600 

1,260 

o~ 24.0 
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. Microphanerophytes, Helophytes and Hydrophyte.s were very poo:;:·-· 

ly represented and therefore not considered. 

A comparison of life form data from fynbos communities 1.vith 

a norrna:L·.spectrum (Mc Dougall 1951) has been made by Rycroft 

(1950) for Biesievlei and by van der Merwe (1966) for Swart-

b hl , f Dt t •• •p-,,., osc. u.oo • a a are presen.:.en in J..c3.b.Le .!. , -- · · 

TABLE 2: BIC•LOGICAL SPECTRA OF T\\10 FYI'JBOS COl•1MUNITIES 

·----·--.._.. ___ ..._ ___ ,. _______ ... _~--~---·---...,,,._ .. _.,,,_ .. ,,__-... -,---· ---

Life f orrn Normal 
spectrum 

% 

Biesievlei 

% 

Swartbo~.:.:ch·­
kloof · 

•">/ 
lo 

. . ---·---··-------------------·-----...-----....._. .. _.~~--.... ----... --. .. ---.. ... ~--.. ---.--
Stem succulents l 0,3 0 

Epiphytes 3 0 0~7 

Mega-and Mesophanerophytes 6 0 0 

Microphanerophytes. 17 6$4 6,0 

Nanophanerophytes 20 2 ') ['.' . .J' J 27,0 

Charnaephytes 9 23,2 30$8 

Hemicryptophytes 27 ll:.~ 1 . 15 8 
' Geophytes 3 22,l 15,2 

Helo- and Hydrophytes 1 2j3 0,2 

Therophytes 13 8,1 ... 3,6 ____ ,.,._.. ______ ,._._..._. ..... ______ , ____________________ .. __ ._ 



( 

i 
I 

A28 

Comparing fynbos to a normal spectrum~ it is evident that 

the forme.r has a high percentage of geophytes and chamae·­

phytes, a lack of succulents, a low percentage of micro­

phanerophytes and therophytes. Nanophanerophytes are slight­

ly higher. 

1. Li. FUNCTIONAL FEATURES OF CAPE FYNBOS AND ALLIED COJ\lf1'1UNITIES 

There is very little published information on Cape Fynbos~ 

The fynbos envirornnent is very lo·w in nutrients~ ·which .. :Ls 

similar to Australian heathland vegetation, but not like 
/ 

Californian chapparal, European Mediterranean vegetation 

and Chilean mattaral. Specht et al (1958) have indicated that 

the Australian substrate is very infertile~ and th.at nutrients 

steD.dily accumulate in the underground organs of plants$ ofteri 

at the expense of aerial org.;:i..ns. Translccation of many nu 

trients (N, P, K, Cay Cu, Zn & Mn) to aerial organs may be 

greatly reduced, that of some elements almost to zero. This 

must cont~ibute greatly to the decreasing growth rate of 

the aerial organs. Those plants with a greater nutrient 

requi:cement s· are eliminated earlier in tb.e pyric successiqp. 

under nutritional stress. Gradually only th6se species 

suvive in which the concentration of nutrient elements is 

10\·.r. Over 50% of the nutrients in the aerial organs of 

these species are bound in fruits and dead leaves so that 

even thes(~ species must suffer nutrient stress. Degradation 

of the stand must inevitably occui, to be followed by regene-
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ration on the release of the nutrients . 

. . i 

1 ("' 
• J FIRE AND FYNBOS CONSERVATION 

A multiple use management policy is applied on State Forests, 

but with the primary aim of ensuring maximum sustained yields 

of clean water. Other aims are nature conservation~ p1:-ovision 

of recreation opportunity, an.d fire control.. The :remainiri.g moun--

tain fynbos areas~ mainly in pxivate hands, B;re subj ec.t to a \ra--· 

riety of uses of which seasonal rough _pasturage is probably i.-.b.c~ 

· most important, harvesting of veld products (such as .6z.c:th_o~~11c:i: 

l~.!~U.Lh~l§.1: (Berg.) Pillans and A. c.ren2-!la!=_~ (L.) Pil lans) (buchu) 

for essential oils, and various spe.ci~s cf cut flowsrs) the 

next,. and recreation the least important (Kruger et al 

1977). 

A history of ideas on veld management by meCJ.ns of burning 1.1as 

already been presented. Veld management o.f fynbos areas has 

always been based on various veld burning or fire protection 

practices, culminating in the present policy of prescribed 

burning on a flexible rotation of about 12 years. The qu.estion 

of whether shorter rotations are detrimental, and if so to 

what extent$ has remained unansv1ered, as well as the effects 

of long-term protection from fire. Catch.i11ent and co1}se:-:~vation 

areas$ especially those close to large tcnVJl.S and cities 

(for example the Cape Perdnsula) are often subject to unpla11-

ned burns, and the question of their effect is a pressing 

~--....... ~·- . -.-.... ~- - -· 
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one. Furthermo·.ce 1 short rotation burning will be prescribed 

in some cases, e.g. for weed control. On the other hand, 

critics often propose intervals of longer than 12 years be­

tween burns~· It has therefore become necessary to expand 

our knowledge of the effects of short rotation burning and 

of deferred burning. This ·study·investigates the floristic 

and structural differences between three adjacent vegetation 

stands managed on short (about six year) rot~tions, normal 

(15 to 20 year)rotations
9 

and protection from fire repective-

·lY. 

-­·-· 
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ABSTRACT 

Fynbos communities of three different post-fire ages we.re 

sampled in the Jonkershoek Valley to determine aerial 

·plant biomass. This was done by a combination of clip plots, 

~ for the shorter vegetation and regression analysis for the 

. larger shrubs or trees. The. biomass ·was divided into fuel and 

non-fuel components, using a particle diameter of 6 millimeters 

as a dividing point. 

Biomass of four year old fynbos amounts to about.6 500 kg 
~l. 

ha · , all of wb.ich may be considered to be fuel. At 21 

years of age biomass amounted to L~g 681 kg ha -l, of \-Yhic.h 

-1 3.5 1+22 kg ha · was live. The fuel component (dead plus 

live) at t'itis age "1;·1as 26 .621 kg ha -1-;- At 37 years· total 

biomass was 75 629 kg ha- 1 . Of this 22 639 was live and 

/1.3 108 \vas fuel (dead plus live). These figu.r2:s represent 

the highest yet reported for the fy·nbos as ·well as for 

vegetation from other-mediterranean-type climate zones. Live 

biomass apparently increases to an age of roughly 30 years, 

whe.reaftcr it declines, whereas the total mass of dead plus 

live. material increases right up to 37 years of age. The 

buildup of fuel in older stands of fynbos usually results 

in very intense f i.res 1 which appare!ltly have an .adverse 

effect an the vegetation. Although the further development 

of fynbos communities protected from fire is not kno;vr1~ it 

does not seem likely that forest will develop. 
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INTRODUCTION 

There has been an increased interest in recent years in the 

aerial plant biomass of fynbo/~ communities. Biomass figures 

aid in the determination of primary productivity as well 

as in the predictiori of fire intensities and behaviour (see~ 

for examples Specht 1969b, Countryman and Philpot 1970, 

Kruger 1977). The fynbos vegetation of the south-·western 

Cape Province has been subjected to periodic fires for some 

time (Kruger itj79), and is apparently adapted to survive 

such fires (Van der Merwe 1966). Inherent productivity in 

fynbos allows sufficient fuel for· spreading fires to accu-

mulate only by about the fourth year after a previous fire, 

·but most fynbos vegetation must be somewhat older to burn 

readily (Kruger 1979). A. subsequent fire usually takes place 

within 20 years a1~d hence communities with a post-burn age 

of greater than 30 years are rare~ Such f ir2s may b~ caused 

either through human action or natural phenomena s.uch as 

lightning or falling rocks (Kruger 1979) •. Preliminary data on 

the aerial plant biomass in fynbos communities, have been re-

ported by Kruger (1977) and ·Rutherford (1978) ... The former 

gives biomass figures for three locations with post burn 

ages from one year and nine months to 17 years' _whilst the 

latter gives data from two sites of about 14 years post-fire 

age. 

-/:As described by Acocks ( 1953) and including his types 69 
(Macchia or Fynbos) 70 (False Macchia) and 47(Coastal Macchia)o 
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· · Four sites at the Jonkersb.oek Forestry Research Station 

(33°57'S and 18°55'E) were sampled a.nd aerial plant biomass 

determined. The sites represent essentially the~ same com­

munity at three post·Qfire ages. Two of these sites were in 

firebreaks that had been subjected to frequent burning 

(burnt in 1942? 1948, 1954, 1960, 1968 and 1975) and were 

four years of a.ge when sampled. A furtlw:r site was in 21 

year old vegetation previously burnt in 1942 and 1958. 

The last site had a post burn age of 37 years. The sites 

were selected so as to compare the effects of rotation of 

burn on fynbos community structure. The older sites were 

each paired with a site in the fire.break which had a similar· 

elevation1 aspect and soil type. Fu1~~her investigations into 

the effects of rotation of burn on the plant community com~ 

position an1 structure were carried out and a report on 

the ~esults of this study is in preparation. 

THE STUDY AREA 

The Jonkershoek ecosystem has been described by Wicht et al 

(1969). The area is situated roughly 8 km from Stellenbosch 

and 48 km from Cape Town (see Figure 1) and foi.1I1s the 

source catchment of the Eerste River. Sandstones of the Table 

Mountain Series (Cape System) rest on the Cape Granite and 

fonn the upper parts of the mountains enclosing the valley 

on three sides. Due to faulting there is a difference in 

altitude of th.e base of the Table Mountain Series on the 



Figure 1: 
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Map of the Jonkershoek Forestry Research Stat.ion 

showing its position and major features. The 

position of the foui biomass sample sites are 
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N.E. and S.W. sides of the valley, ~1hich are from 426 m to 

610 m respectively. The soils of the Jonkershoek valley 

are young and mostly of mixed origin, with horizons not 

cleArly defined (Wicht et al 1969). Stony soil derived from 

quartzitic colluviaJ. material from the Table Mountain Series 

covers the major proportion of the area. V..7here granite pro­

vides the parent rocks, there is an admixture of quartzitic 

material from the sandstones above. The climate is of the 

Mediterranean type, described by KC>ppen (1931) as humid~ 

rnesothe:rrnal, with a dry summer and the average temperature 

of the warmest month below 22°C (Csb). Rainfall on the 
-1 . 

sample site averages 1 700 mm yr , of which l 000 mm 

( 59/~) falls between the months of Hay" and August. The pr in .. , 

cipal climatic features are illustrated in Figure 2 by means 

of a Walter diagrarn (Walter 1963). 

METHODS 

The methods used., can be divided into two categories; samp~ 

ling on young sites with homogenous vegetation of relatively 

·low biomass and sampling on older sites of a somei'lhat less 

homogenous nature and considera~ly higher bio~ass. I shall 

deal with each method separately. 

Sampling of four year ol_cl_y_.£.getation (Sites. 1 and 2) 

Four year old vegetation (depicted in Figure 3) is of a 
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Figure 3: Four year old vegetation in the firebreak domi­
nated by graminoid and restioid plants. The 
·shrub in the foreground is Protea nitida. · 

. j 
I 

~-. .. 
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structurally homogenous nature~ w-hen compared to older fyn-

bos~ and is dominated by grarninoid and restioi.d plants, with 

shrubs being of little importance. The hornogenou.s nature of 

the vegetation at thi~ stage, as well as its relatively low 

biomassj makes sampling by means of clip-plots relatively 

easy. 

· Two plots~ 50 by 50 meters in extcri.t, were positioned in 

the firebreaks on opposite sides of the Ee:cste River. The 

sites were selected for structural homogeneity of vegetationJ 

as well as to match a plot in the older vegetation with re­

gard to altitude, aspect and soil tipe. In the latter res~ 

respect, Site 1 was paired \·1ith Site 4~ and Site 2 w:Lth 
-· 

Site 3. Salient features of each site are summarized l.n 

Table 1 . 

. Stat:Lfied random sampling following the ranked set sampling 

procedure of Halls and Dell (1966) was used. Biomass was 

~etermined by clipping aerial plant parts from 24 two-metre­

square (lx2 m) quadrats on each site. Plants were clipped 

as close to the soil surface as possible~ using seccateurs. 

Litter was collected by raking the soil surface with the fin-

gers. Dead plants .were included as litter. Clipped material 

was segregated into growthform categc:cies during the clipping 

routine. The plant material was placed into bro\vn paper bags 

and transported to a nearby laboratory at the end of each 

day~ where they were stored until they could be placed in 
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drying ovens. 

The categories used for the separation_ of clipped material 

are the same as used by Kruger (1977) and m:e detailed be-

low: 

(i) Shrubs: Microphanerophytes and nanophanerophytes of 

families such as Proteaceae~ Bruniaceae, Ericaceae 

and Fabaceae. 

(ii) Sub- shrubs: Sub·· ligneous nanophanerophytes and chama.e ... 

phytes of genera such as St:?..§J:?e and Met:.alasia (Aster·· 

aceae). 

( ... ) i:u_ Graminoid: Hemicryptophytes typical of Poaceae and 

·Cyperaceae. 

(iv) Restioid: Leafless hemi_r;ryptophy·tes of the family 

Restionaceae and, sometimes, Cyperaceae described as 

assimilating stem type hemicr~?tophytes by Admnson 

(1931). 

(v) Herbs (£orbs): Non~ligneous elements not included in 

above categories~ -and including ferns. 

All samples were oven~dried at lb5°C for 2L:. hours and massed. 

Sampling of 21 year old ve_g_~tation ~Siti;; 22_ 

The 21 year old vegetation, depicted in Figure 4, is domi­

nated by large shrubs belonging to the genus P1'."o~s~a (Pro­

teaceae) mainly Protea neriifolJ~~ and J?rotea re12e1~ These 

shrubs are large, sometimes over four meters tall, and form 

'• 

Bll 
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Figure.4: 

,_ . 

Twenty-one year old vegetation in Swartbpsch­
kloof. The vegetation is dominated by Protea 
neriifolia and P.repens. · 
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an almost closed canopy. The u.nderstorey contains other 

smaller shrubs and sub-shrubs, restioid, graminoid and herb 

components as described earlier although these form a 

relatively small part of the total biomass of the vegetation. 

A plot of 50 by 50 m was positioned within the vegetation 

and 24 two-meter square quad.rats were laid. out at random 

within the plot, as described previously. All. plant material 

with the exception of live Protea E~~ and P. nerrifolia 

·was clipped from these quadrats in order to estimate the 

biomass of the understorey vegetation. The material was 

divided into the categories listed below: 

( i) 

(ii) 

(iii) 

(iv) 

(v) 

Shrubs and sub-shrubs 

Grarninoid 

Restioid 

Herbs 

Litter 

-···· .r 

In order to provide an estimate of the fuel available, the 

classes (i) and (v) above were subdivided into particles ·with 

diameters less than, and those greater than sJx millimeters. 

This was measured by means of calipers. Branches were c-ut 

of.f where their diameters became less than six millimeters. 

It is arbitrarily assumed that particles with a diameter of 

greater than six millimeters will not burn, and that all gra­

rninoid, restioid and herb-type plants could be counted as 
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fuel. Methods are otherwise as previously described. 

Estimation of the biomass of the t·wo dominant shrub species 

on the plot was done.by means of regression analysis. Twen-

ty-two ~rotea ~1erii~.9l. .. i~ and 23 R...-:...E.~J?g_ps shrubs were harves­

ted from outside the sampl·e plot after mease:c:Lng their ciia-

meters at 20 cm ·above ground level. Shrubs were selected 

so as to cover a :representative range of diameters. The 

shrubs were. divided into 11 £uel 11 components (leaves~ cones 

~nd branches with diameters less than six millimeters) and 

larger parts with diameters greater than six mil Li.meters. 

Each component: was massed and subsampled for moisture con= 

tent. The subsamples \.,rere. oveY-1~dried at l05°C for 2L1. :hours 

(or, in the case of large stumps~ untj~l __ constant mass was 

reached) and the mean moisture content of the subsamples was 

used to estl'mate O"T0n-c1~ .. ,., r:n'•C'c: of ~-·11,, orJ·,.,..!n~-L - - - v ·- . . J_ ) l c.<. ~ ~· .• I,.. ~- • 6 . .L C- .. mater:La.1. 

Linear, power and exponential regressions were fitted 

(Daniel and Wood 1971) and these lines were tested for l 
gooo~ 

.ness of fit using Furnivals Index (Furnival 1969). In all 

cases power curves provided the ~est fit. The following equa-

tions were obtained to describe the biomass of Protea 

neriifolia shrubs based on their diameters at 20 cm. 

(i) Diameter at 20 cm in cm (x) vs total dry mass in 

kg (y). 

ln y = -2,2340 + 2,2593 ln x ------------------ (1) 

Correlation = O, 95.L:.2 



(ii) 

(iii) 

Diameter at 20 cm in cm (x) vs dry mass large 

branches in kg (y). 

ln y = -2s2321 + 2,1221 ln x ------------------
.Correlation= 0,9297. 

A similar allometr:Lc model for Prot~ _!'epens is 

given below. 

Diameter at 20 cm in cm (x) vs total dry mass in 

kg (y). 
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(2) 

ln y = -2,6971 + 2,4596 ln x ----------------- (3) 

Correlation= 0,9591. 

(iv) ·Diameter at 20 cm in cm (x) vs dry mass large bran-

' ches in kg (y). 

ln y = -2,8932 + 2~3648 ln x ----------------- (4) 

Correlation= 0,9161. - ·-----"·-- - - .. 

The diameter of each Protea nerrifo]~a shrub in the 50 x 50 

sample plot, was measured at 20cm above gro·u.nd level,. The 

· total dry mass and dry mass of large branches of Protea 

neriifol:La was obtained by summing mass values calculated 

·using equations (1) and (2) above. The ' 1£uel 11 component was 

estimated by subtraction. 

The. same procedure was followed for Protea E_epens ~ with. bio·~ 

mass of different· components obtained using equations ( 3) 

and (4) abovs. 
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.~ampling of 37 _year old vq_get.a..~_(§_it~__!U 

In this c~se the vegetation had reached a scenescent stage. 

The community was previously dominated by 'Protea :neriif?lia, 

·together lvith Brun.ia nogJf l~ (Bruniaceae) and Wid.9El:ngtpni.E:_ 

nog:Lfloi:a (Cupressaceae). · Of th0;se, !_Jidd:i;i!l8t2n:i.a had re­

mained healthy and apparently vigourous, while Br':_lnia had 

reached a stage where much of the plant consisted of de.ad 

material. Pi.:ote?- neriifol i~ had died in great n1Jmbers; 

surviving plants often .. had only one or two live branches; 

the rest were dead and dry .. The vegetation is depicted 

:i.n Figures 5 and 6., A sampling approach similar to that 

used £.or 21 year old vegetation we:1s ad:optedj and a regression 
..-

biomass model for Widdriny:ton.~_a ·was constructed. This vms 

not possible for P·rotea, however, ber::.ause plants had very 

.irregular shapes due to branches dying and breaking off; 

in any case, the majority of shrubs were completely de.ade 

Therefore all plant materials excluding live }iisJ.dri_1]_g_!:._~]:1i~, 

·was clipped from 24 two meter square qua.drats within one 50 

x 50 meter plot. Again methods .were the same as for the 

first two plots except that.seccateurs proved inadequate and 

pruning saws were used to cut large branches overhanging the 

sample plots. ca·re was taken to ensure that all .o~,,-erhanging 

vegetation w23 accurately sampled. Vegetation ,,;.ras subdivided 

into classes in the. same way as for 21 year old vegetation. 
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Figure 5: Thirty-seven year old vegetation in Langrivier. 
The large ,trees in the tackground are Wi_ddring­
i:onia nodif lora. A dying Protea neriitolia is · 
visible in the middle distance, and Brunia 

·nodiflora can be seen in the foreground. 
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Figure 6: 

Bl8 

Close up view of a dead Protea neriifolia shrub 
showing the heavy build-up of dry fuel material. 
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Twenty Widdri!!_gtol];]:§; trcc::s 1vere harvested from outside the 

sample plot, after measuring their diameters at 20 cm above 

ground level. Again, trees were selected so as to cover a 

represei:tative range of diameters. The trees were divided 

into cones, large (greater than six millimeters in diameter) 

branches and "fuel" components. The material was subsa111pled 

for moisture content as previously described for the deter-

mination of dry masses. The de, ta were used to determine .s.n 

allometric biomass model in the same way as for the f,Egtea 

shrubs. The model is given below: 

(i) Diameter at 20 cm in cm (x) vs total dry mass 

in grams (y). 

ln y = 4j0848 + 2,3366 ln x -~---------------

Correlation= 0,9857 

( r:;) 
~1 

(ii) Diameter at 20 cm in cm (x) vs dry mass fuel in 

g (y). 

ln y = 3,7117 + 1,9377 ln x ------------~--- (6) 

Correlation= 0,9702 . 

. (iii) Diameter at 20 cm in cm (x) vs dry mass cones 

in g (y). 

ln y =-1,0768 + 3,4153 ln x ---------------- (7) 

Correlation= 0,8873. 

Diameters at 20 cm of all live Widdri:l_&!:_ont.§ noct1!J.ora 

trees on the site were measured. and the equations (5)~ (6) 

and (7) above were used to calculate masses of the different 
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components. The large branch and stern component was esti-

mated by subtraction. 

RESULTS AND DISCUSSION 

Biomass data for the 24- clipped plots on each site are pre·~ 

sented in Table 2o On Site 3 a total of 105 Protea nerii-
---·-~- -·-·-"'· 

fo~ bushes and 241 f;r0te~. E~Pe2.~~ bu.shes were measured, and 

on Site I+ a total of 2L~7 ~i_idgriT..:B.!s>JJ::L~. trees %'ere measured. 

Table 3 presents a breakdovm of data from Table 2 as well 

_as figures obtained from regressions for the three large 

shrubs. 

It is unfortuna_te that a. standard deviation for the two 

sites which included estimations by regressions cannot be 

computed to allow st~tistical testi~~ for differences betw~en 

age classes. The figures presented in Table 2 show that 

the standard deviations for clipped plots i~ the older 

vegetation are very high, due to structural 11eterogeniety 

.of the vegetation sampled. Data f·rora clipped plots and 

regressions were added so that e~timation of standard devi-

ation for the total cannot be obtained, However, as far as 

total live biomass was concerned, the estimate;3 for large 

shrubs from regressions contributed most of the live biomass 

component (82,5 percent for site 3 and 71,6 percent for site 

lt-). These estimates are considered to be good because of th2 · 

high correlations obtained for the regrc-.::ssion equations. 



i ..
.. 

L
' 

,
.
,
,
.
.
.
,
J
.
,
-
-
-
.
~
- T
A

B
L

E
 

2
: 

B
IO

M
A

SS
 

S
T

A
T

IS
T

IC
S

 
FO

R
 

C
L

IP
P

E
D

 
P

H
7

fS
 

S
it

e
 

N
um

be
r 

l 

. 
s
·
~
·
P
.
n
S
T
I
C
S
 

FO
R

 
T

O
T

A
L

 
L

IV
E

 B
10

M
A

SS
 

S
am

pl
e 

j 
A

e
ri

a
l 

p
la

n
t 

bf
om

as
::;

 
l St

an
d

ar
d

 
! 
Co

nf
id

~~
ce

 I
 

I 
_ 1 :l-1

 
In

tc
rv

 ..•
 l 

·(
to

ta
l 

li
v

e
)(

k
g

.h
a
 

) 
I 

d
e
v

ia
ti

o
n

 
p 

~ 
0

,9
5

 
· ! C

o
e

£
 fi

ci
<

?n
?:

 
o

f 
.v

a
ri

a
ti

o
n

 
S

iz
e
 

I 
(%

) 

~1~
---

--6
-59

_9 _
_

_
_

_
_

_
 -+

!-
-7

-9
0

 
' 

. 
2

4
 

+
 3

44
 

1
1

, 9
7 

L
it

t!
:!

r 

kg
 h

a-
1

 

5
3

5
 

I 
I 

! 
I 

I 
2 

,
-

2:-
-1 

58
97

 
9

0
8

 
I 

±
 3

8
4

 
I 

1
5

:4
0

 
1 

2
3

5
 

I 
I 

I 
I 

I 
_

_
_

_
_

 i 
! _

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 !
_

:_
 _

_
_

_
_

_
_

 !_
_ _

__
__

__
__

__
__

 ; 
_

_
_

_
_

_
_

_
_

_
_

 L
 __ 
_ 

I 
.----

---
.---

---
---

---
--

-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
.
 

I 
I 

· 
· 

! 
! 

, 
· 

I 
I 

. 

S
T

A
T

IS
T

IC
S

 
FO

R
 

L
IT

T
E

R
 

~.
.A

SS
 .

 

S
ta

n
d

ar
d

 
. 1 

C
o

n
fi

d
en

ce
 

ii 
C

o
e
ff

ic
ie

n
t 

. 
In

te
rv

a
l 

. o
f 

d
e
v

ia
ti

o
n

 
p 

=
 

0
,9

5
 

v
a
ri

a
ti

o
n

 
(%

) 

7
0

,8
6

 
t 

+
 1

5
7

 

·-
-H

 
I 

. 

3
7

2
 

1
1

3
 

3
4

,7
7

 

7
7

3
7

 
+

3
2

6
0

 
5

4
,2

6
 

3"
' 

I 
21

+ 
l 

40
91

 
'1 

25
19

 
I 

±
1

0
5

4
 

l 
6

1
, 

57
 

11
~·
25
9 

I 
· 

1-
·-

1
·-

-
-
+

-
,-

-
-
-
-
1

-
-
-
-
-
-
-
-
-
-
-

1!1
 

2
4

 
6

3
3

4
 

. 
55

00
 

1 1 
j,-

23
23

 
I 

8
6

' 8
3

 
I 53

2
6

0
 

I 

* 

* 4 
l 

I 
i 

I 
' 

1,
'· 

D
at

a 
in

co
m

p
le

te
, 

bi
om

as
s 

fr
om

 
re

g
re

ss
io

n
s 

on
 s

h
ru

b
 s

p
ec

ie
s 

to
 b

e 
ad

ae
d

. 
S

ec
 T

ab
le

 

. 
+A

 b
re

ak
do

w
n 

o
f 

th
is

 t
o

ta
l 

b
io

m
as

s,
 ,

is
 g

iv
en

 i
n

 T
ab

le
 2

. 

14
90

3 
+

6
2

7
9

 
2

7
,9

8
 

.... -'
 ... 

.. 
b'

)' 
N

 
!-

' 



i ' f 
TA

BL
E 

3
: 

TO
TA

L 
A

ER
IA

L 
PL

A
N

T 
BI

O
:M

A
SS

 
ST

A
T

IS
T

IC
S 

FR
OM

 
FO

U
R 

S
I
T
E
~
 

(S
E

E
 

TE
X

T 
FO

R 
E
X
P
L
A
N
A
T
I
O
~
)
 

CO
M

PO
NE

NT
 

·T
o

ta
l 

m
as

s 
(k

g
. 

h
a 

-l
) 

M
as

s 
o

f 
fu

e
l 

co
m

­
p

o
n

en
t 

(k
g

o
 

h
a
-1

) 

, .
.
 i 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
~
-
-
-
-
-
-
·
-
-
-
-
-
-

S
it

e
 

1 
S

it
e
 

2 
S

it
e
 

3 
S

it
e
 

4 
S

it
e
 3

 
S

it
e
 4

 

·'· 
·'· 

a+
 

a+
 

P
ro

te
a
 n

e
ri

if
o

li
a
 

o"
 

o"
 

9
0

6
5

 
.2

64
1 

·'· 
~··

 
.J

..
 

o+
 

P
ro

te
a
 r

ep
en

s 
o"

 
o"

 
22

26
6 

O
' 

75
81

 
... 

a·k
 

-·
~ 

··~
 

W
id

d
ri

n
g

to
n

ia
 

o"
 

o'
' 

16
01

7 
o"

 
42

92
 

· S
h

ru
b

s 
92

5 
52

1 
94

4 
55

64
 

7
1

2
 

·3
0

4
7

 

S
u

b
-s

h
ru

b
s 

1 
5 

2
0

9
 

1 
3 

1 .... 

R
es

ti
oJ

_d
 

1.
75

5 
11

'...
., 

"t
 

; 
. 

\ 
6

3
2

 
25

8 
63

2.
 

25
8 

_
o

 I 
1 •

. 
! 

\ 
."·

~ 

G
ra

m
in

o
id

 
3

0
7

0
 

28
69

 
4

8
8

 
15

5 
4

8
8

 
15

.5
 

H
e
rb

s 
8L

:.8
 ·

, 
83

1 
18

18
 

"
.
)
~
-

..
;.

J
I 

18
18

 
3

5
7

 

T
o

ta
l 

li
v

e
· 

65
99

 
5

8
9

7
 

35
42

2 
22

63
9'

 
1

2
4

7
6

 
34

99
9 

T
o

ta
l 

li
v

e
 p

lu
s 

43
10

8 
l:

L
tt

e
r 

. 7
J.

24
 

62
22

 
49

68
1 

75
62

9 
26

62
1 

·'
~ "A

b
sc

en
t 

o
r 

n
e
a
rl

y
 a

b
sc

e
n

t 
+

In
cl

u
d

ed
 
in

 s
h

ru
b

s 

" 

to
 

~.
::

 
N

 



~ ......... 

B23 

The estimates for litter (shown in Table 2) are comparable. 

Estimates for litter on sites 1 and 2 do not differ signi­

ficantly, whereas those from sites 3 and 4- are significantly 

different from each other and from sites 1 and 2 at a 1% 

level of significance. 

Figure 7 sho·w·s the approximate relationship between total 

live biomass, litter mass and post··burn age of vegetation. 

The lines join· the points given in Table 1. It ·would appear 

as though total live biomass increases with age to a point~ 

whereafter it again declines. Dead material (litter mass) 

continues to rise with age of vegetation. This rise becomes 

more marked once the live biomass starts to decline, due to 

the large number of dying proteaceou-~: (and_ other) shrubs. 

The mass of fuel (shown in Table 3) also increases v-7ith age c 

At four years of ag2 most cormm1nities ar<~ dominated by grarrd­

noid and restioid plants.with particle diameters less than 

six millimeters (Kruger 1977) • For this reason, the total 

biomass of the four year old vegetation could be considered 

to be fuel. 

,...At 20 years of age much of the biomass of large shrubs is 

live, uncured and held aloft. Urider extreme fire weather 

conditions, a fire would crown. and much of the 11 fnel" com­

ponent of the large shrubs would bu:::-n. In fires burning 

under cooler and moisteJ.:- conditions, such as experienced 

/ 
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Jonkershoek. Lines repre~>cnl:. total liv€~ plus 

B24 

litter mass (----. -~~) ~ live biomass (·---- ..... .,__,,,...,.,. ) ~ 
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in many prescribed burns in fynbos, it could be expected 

t4at much of this uncured fuel compo~ent would not be con­

sumed. In vegetation older than 30 yearst thii biomass has 

become dead and cured, and much has broken off and fallen 

to the ground. Under normal summer weather conditions a fire 

in such vegetation could be expected to be intense, and would 

probably burn much of the coarser litter as well as fine ma-

terial. Under severe weather conditions a fire in such 

vegetation would probably consume all the litter and mu.ch 

of the live vegetation. The ability of the vegetation to 

withstand such severe burns is little understood. McLachlan 

arid Moll (1976) have made the tentative observation that 

areas of fynbos which had not burnt for some time (20"·25 
-· 

years) recovered better than areas 1;qhich_ 1vere continually 

burnt. Data from older sfands_has recently become available, 

Bond (1980) has reported poor reg~neration after a burn in 

very old (ap~roximately 50 years) veg~tation dominated by 

Protea 12_unctata on the lower southern slopes of the Swa.rt­

berg mountain range. Observations after a fire in 1+0 year 

old fynbos in the Cedarberg mountain range~· showed unus1J.ally 

high mortality in certain species which normally survive fires 

by means of vegetative regeneration. Thirty-two percent of 

all Heeria argentea trees tallied alung a pathway were found 

to be dead (FJ Kruger~ pers.comm.). These results are almost 

certainly du2, in part at least, to very intense fires resul-
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ting from heavy fuel loads. 

CONCLUSION 

Kruger·(l977) has compared biomass of fynbos cornmunit:Les with 

that of plant communities in mediterranean type ecosystems 

elsewhere. The maximum biomass reported elsewhere was t.'.1.9 700 

~l ~1 
kg ha at 13 years for garrigue (France) and 49 100 kg ha 

-1 at 37 years for chaparral (California) of which 21 800 kg ha 

\·ms standing dead sticks (Specht 1969a, 1969b). The m2xirrmm 

biomass reported for fynbos, from a 17 year old scleorophy~l 

scrub community at Jonkershoek was 25 700.kg ha- 1• The 

figures given here represent the high2st yet reported. 

Jonkershoek is not entirely representative of tb.e fyub 1)S 

communities elsewbi::re, mainly becau~ 1,; of soi:L differences~ 

and slightly higher rainfall. Most fynbos soi.ls are deri"i.red 

from sandstones alone, whereas soils from tLe. sites at J~n­

kershoek are partly derived from granite. Kruger (1977) 

points out, however, that soil moisture availability over-

rides the effect of soil fertility when considering growth 

rates in fynbos. 

As far as the rotation of burning is concerned, some ten-

tative concl11sions may be made. Burning on short rotations 

drastically reduces the biomass, due to the elimination of 

most of the seed .. ·reproducing shrub component (see, for exarn-
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ple Jordaan 1949, van Wilgen and Kruger 1980). Secondly, 

protection of communities from fire for periods longer than 

30 years ·resulted in a decline in total live biomass, and a 

considerable increase in the amount of litter and fuel avail­

able. There is evidence fr.om elsewhere that communities of 

similar ag·e on sandstone soils have not reached the same 

extent of degeneration (EJ J:-loll, pers. comm.). This may in­

dicate that such communities are on a longer cycle~ but it 

can be expected that they would follow a similar course to 

those at Jonlzershoek. l\ni.at happens if communities are pro­

tected from fire for much longer periods can only be specula­

ted upon .. There is some gro·wt.h of forest precursors on the 

moister sites, for example · Kig_gelar~~.a §;.frt_cana, Ra12~n~;_~ 

melanoJ2h~ and .Qlea:. ~ca12§:., but it is doubtful ·whether a 

true forest could develop on these sites due to shallow rocky 

soils and summer drought. Hopefully 1 some of the older com­

munities at Jonker.shoek will be protected from fire for some 

tim,e to come, thus allowing further observations on the ef~ 

fects of exclusion of fire. 
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ABSTRACT 

Fynbos vegetation previously subjected to three differing fire 

:regimes - was investigated by means of the em.m1eration of 100 

releves using the Braun~Blanquet met.hod. The three tJ:eat­

ments (fire regimes) investigated, were short (a.bout six 

year) rotation bur~ing, normal rotation burning (about 15-20 

years) and protection from fire for 37 years. 

'· 

Short rotation burning resulted in a reduction in plant cover, 

heights and biomass 5 as well as in the elimination of lon~ 

ger lived seed regenerating shrubs. Species diversity was 

high and shorter grami.no:Ld and herb species dominated th<:: 

vegetation. Twenty yeai old vegetation had a high cover 
~~ 

and mean plant height, but species diversity was low =.~.nd 

undergrowth species were of much re:::1uced importance. 

In very old vegetation larger shrubs were reduced in irnpor~ 

tance due to high mortality; as a re8ult undergrowth'spec:Les 

showed some signs of recovery, and species diversity increa-

sed. Some germination.was note~, and certain tree species 

a.lso appeared. The development of true forest does not seem 

likely due to shallow soils and. summer drought. Heal thy fyn-

bos vegetat~on would probably be maintained by burning on 

a 15 to 25 year rotation. 
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INTRODUCTION 

- ' 
Fynbos is a sclerophyllous vegetation type characteristic of 

the south western Cape Province of South Africa (see 

Acocks 1953). This vegetation has been subjected to 

periodic fires, of both human or natural origin, for some 

time. Such fires c.ould occur at all times of the year un-· 

· der suitable we?ther conditions, although most occur in 

the summer months. Kruger (1977, 1979a) suggests that fire 

frequency would have ranged between about once in six to 

once in 40 years, varying more or less at random between 

the~e limits 5 but this hypothesis is challenged by Moll 

et al (1980)~ who suggests somewhat longer periods between 

fires. Burning of fynbos has been condemned from early 
.. 

times (Botha 1924) and tl)c.~ battle against fires was tackled 

in earnest in the early 20th centur,r (Levyns 192L-1-, M.a.rloth 

1924, Pill~ns 1924). Burning as a natural phenomenon was 

first seriously considered by Dr CL Wic.ht, who admitted 

that data.on the effects of burning were not available and 

emphasized _the need for such data (Wicht l 9L1.S). The 

present day fynbos vegetation is apparently adapted to sur­

vive fires (van der Merwe 1966) and there is acceptance to-

day that fire in fynbos is a natural phenomenon~ Fires 

caused by lightning and falling rocks are commonplace, and 

there is no reason to believe that this was not so from pre-

historic times (Bands 1977). 
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Information on the effec.ts of fire f:t:-cquency on the vegeta­

tion is scant. .Jordaan (191+9) found that ]?~o~ea. repe1!~(L.) 

L. requires an eight year period between buYns to attain 

maturity and form seed. Because regeneration is only from 

seed following a fire~ bur~:d.ng frequencies of less than 

eight years will tend to eliminate.the speci2s. On the ct.her 

hand? Le Roux ( 1966) mentions areas of fynbos vvhich had be-

come totally moribund due to long protection from fire~ re-

sulting in the absence of game and birds found in more . 

frequently burnt fynbos areas. Specht et al (1958) have 

made interesting observations on analogous vegetation on 

nutrient poor sandy soils in Australia. Long protection from 

fire led to a reduction in. the number of species in a· stand 

(after burn.i.ng 5 36 spec:Les, aftE~r 2 5 ·),ears 5 20 species 9 an.d 

after 50 years only 10 species). They suggest that this i.s 

due to the cessation of transfer of mineral n1itrients to 

above~ground parts after a certain stage.~ because these are 

needed in the roots and underground organs. This results 

in the cessation of above·~ground grm.\ith~ and the vegetation 

becomes moribund. More.~ recently it has becori1e apparent that 

component species of fynbos need fire for their reproductiort 

and survival (as examples 0r2_thaml.}_~ ~hert_· Pappe and .§_erJ:i;,. 

ria florida Knight) (Taylor 1972). Post fire succession in 

fynbos has been described by Kruger (1979b). The initial 

recovery is rapid, and regeneration and germi11ation of seeds 

for all or most species ·occurs within 12 months following a 
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fire. ·All plant species attain rep0oductive maturity with­

in 10 years .. Should a fire occur before a seed reproducing 

species has attained maturity, that species will be elimina-

ted from the community. The mature phase lasts up to 30 

years post fire age~ after which the vegetation becomes 
f 

senescant 9 
with h. 1 J_g .. 1 rno:ctality among dominant shrubs and 

accumulation of dead material and litter (van Wilgen 1980). 

Experimental burning of fynbos at six year intervals was 

found to have much less effect on the overall composition 

of the vegetation than may have been expected, although 

·there was some reduction in the importance of seed regene-

rating species (van Wilgen and Kruger 1980) . 

. The obj ec.t of the present study was to -compare adjacent 

stands of vegetation representing essentially the same com~ 

munity managed under three different burning frequencies. 

Data on the structural and floristic differences between such 

stands is necessary as a basis for dete:emining a burning 

regime suitable for the sound management of fynbos. 

THE STUDY AREA 

The area chosen for the study falls within the Jonkershoek 

State Forest., and lies roughly 8 km from the town of 

Stellenbosch (see Figure 1). The Joi1kershoek ecosystem has 

been described by Wicht et al (1969). The climate is of 

the Mediterranean type and rainfall on the study area aver-



Figure. 1: 

1._, .) 

Map of the Jonkershoek Forestry Research Station 
showing its position and major features. The 
various·post-fire ages of vegetation studied 
are depicted by means of shading, with numbers 
referring to post-fire age in years. 

( 
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-1 ages J..700 mm yr , of ,.,1hich 1000 mm ( .59/~) falls between the 

months .of May and August. 

The areas was chosen bec.ause of the variety of post··burn ages 

of fynbos communities that occurred in close proximity to 

each other, thus providing a good opportunity for comparison 

of the effects of fire frequency on the vegetation. The 

Eerste River ;:uns down the centre of the .Jonkershoek valley,. 

The study area is situated on the. foothills on either side of 

the river. The LangriviE:r experimental catchment on the $Outh. 

facing aspect has been protected .from fire since 1942, making 

it one of the longest protected areas in the fynbos (37 

years old at the time of the survey-in late 1979). The 

Swartboschkloof area; across the valley on the north facing as·· 
\ 

pect has been burnt on a 15 to 20 year rotation> a!ld burnt 

out ~ompletely in 1927~ 1942 and 1958 (van der Merwe 1966), 

making it 21 years old at the time of ·survey. Adjacent to 

the two areas is a firebreak which has been frequently 

burnt. Department of Forestry records indicate that the area 

burnt out entirely in 1942~ 1948, 1954, 1960s 1968 and 1975) 

·and was four yea~s old at the time of survey. 

-· ' 

·Major geological and aspect differences exist between the 

21 and 37 year old sta~ds and the:Lr adjacent parts of the 

firebreak on either side of the :civer. Sandstones of the 
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Table Mountain series (Cape System) rest on the Cape Granite 

·and form the upper parts of the mountains enclosing the 

Jonkershoek. valley on three sides. Due to faulting there is 

a difference in altitude of the base of the sandstones on 

the NE and SW sides of the valley, which are from 1+26 to 610 

m respectively (Wicht et .al 1969). Swartboschkloof (21 years 

old) and its adjacent firebreak are underlain by standstone, 

while the opposite side of the valley is in turn underlain 
, -

by granite. Swartboschkloof ~ with an equatorial aspectt will 

also have a higher potential evapotranspiration resulting in 

more xeric plant communities than would be the case with the 

polar aspect associated \·;rith Langrivier (Holland and Steyn 

1975)~ This polar aspect ·was also sampled over a much la.r-
-

ger altitudinal range than was the eq~1a~~r~al aspect (370 to 

960 m and 370 to 525 m respectively). 

The mature vegetation of the area is a closed shrublarid 

dominated by Pro._tea neriifolia and P. re~pen~ ·with some 

f. n~_tidB;. · Differences in the plant communities are apparent 

on the two diametrically opposed aspects. On south facing· ··· 

(polar aspect) slopes P:r"<~_!=.ea repen~ is of lesser" importance 

and !:?iddringtonia nodif lora, a small cuppressoid tree, is 

prominent. Brunia ~odiflora, a· fynbos endemic shrub, is 

dominant over large areas and relatively moisture dependent 

shrubs such as ~1yrsine africana are found. Understorey 

communities on both aspects are dominated by, among others, 
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members of the Restionaceae~ Cyperaceae, Ericaceae and 

Fabaceae. ~,?bartia indica, a tufted member of the Iradaceae 

with terete leaves is prominent throughout. In.younger 

vege~ation the large shrubs are absent and restioid and 

graminoid plants are prominent; these diminish in impor­

tance as the shrub canopy closes. In old vegetationj morta­

lity of large shrubs causes the canopy to re-open and under-

storey plants become somewhat more important. Examples of 

the various ages of vegetation sampled are depicted in 

Figures 2, 3 and 4o 

METHODS 

Features of the vegetation were enumerated from 100 quadrats 

placed so as to cover a spect:i:-um of altitude; aspect and 

soil types ;::iresent in the area. Similar "environmental 

types 11 were samplet-1. in di.fferent stands, usin.g the as sump-

tion that arr~as with similar envircnmental conditions should 

support similar vegetation under the same burning regime. This 

.would theoretically separate the effects of fire regime on 

the vegetation from the contro.lling influences .of the physical 

environment. Twenty of these quadrats wete'placed on the 

north facing aspect, with 10 each in the 21 year old and four 

year old vegetation respectively. The remaining 80 plots 

were divided equally among the 37 year old and four year o:Ld 

vegetation on the south slopes, and spread evenly along the 

altitudinal gradient. 2 Quadrats were each 50 m (SxlOm) in 
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Figure 2: Four year old vegetation in a frequently burnt 
fire break. The vegetation is dominated by shor­
ter hemicrytophytes, with.larger shrubs being re­
presented by Protea nitida, a species which sur­
vives fire ·by means of sprouting from epicormic 
buds. The two meter board shm·m here is divided 
into 20 cm intervals. 
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Figure 3: Twenty-one year old vegetation dominated by 
.large seed-reproducing shrubs of the genus 
Protea. The shrub canopy is closed over most 
of the area as can be seen behind the ob~erver. 
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Figure 4: Thirty-seven year old vegetation showing the 
high percentage of dead Protea shrubs in the 

· foreground. The trees in the background are 
Widdringtonia nodiflora. 
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area and were subjectively placed within areas of similar 

altitude~ aspect and soil type. These areas ·were first sel~ 

ected on-stereoscopically viewed colour aerial photographs 

of the area and later checked in the field. All vascular 

plants occurring in. the quadrats v·lerc identified and listed$ 

and assigned cover .. ·abun.dance estimates on the Braun-Blanquet 

scale, as described by Kilchler (1967). A comprehensive re-

ference l1erba:t:ium i.s nvailable at Jonkershoek 5 and scrap SDe-= 
l. 

cirnens v,rer<:: collected from species which could not be ident:L·~ 

f ied in the field for co:-nparison with herbarium specimens. 

Further records for each site included slopP, aspect, geolo-

gy and soils as well as estimates of total ·cover and s~rati-

f . . j" • icat1on o: vegetation. Each site was photographed and a 

number of heigh.ts in each plot were 

measured. 

RESULTS 

Life forms 

All. species present in the survey were clast:d.fied into the 

following life forms: Trees, shrubs greater than one.met.er 

in height~ low shrubs (bet1·.:rcr~n O, 25 and 1 m), fri·mr f shrubs 

(less than 0)25 m), Restionaceae, Cyperaceae, Poaceae and 

other herbs plus. ferns. 11ember·s of these were classified 

according to mode of regeneration after fire as vegetative 

(v), germinative (g - germinative, regeneration from seed 

only), or unknown (u). The mode o[ post f:Lre regeneration 



was determined from f icld observation, or knowledge of 

their behaviour elsewhere (van der Merwe 1966). 

c14. 

Percentage cover values for each species record were assign-

ed to the cover-abundance scale as follows: 

r = O,l; + = 0,5; l = .3; 2 == 15· 
' 

3 = 37,5; 4 = 62,5 and 

5 - 87~5 percent. These values were accumulated for each 

.life form in each plot to calculate means for the sample. 

Data appear in·~able 1. 

Total cover 

Total cover of the . vegetation was· estimated at each site. 

Mean total cover and stan.dard deviation were calculated 

each treatment class and data are pr~~~~~e.d. in Table 2. 

Plant height 

fr.~ --UL 

The heights of a few species are presented in Table 3 for 

purposes of comparison. Where species ·were not measured in 

a given trea~ment class, this is indicated by means of 

dashes, and does not necessarily mean that the ~pecies did 

not occur in that treatment class. 

· 'Spesies diversity 

Measures of species diversity are presented in Table 4. Do-

minance concentration was measured hy means of Simpsons indext 
s 

=~1 2 , l b P , wnere s = t.i.e num er 
l. 

calculated for each plot as C 
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of species in the sample and pi "'' the proportional abundance 

of the i th species (Whittaker 1972). The Shannon-Wiener 

index~ wll_ich reflects· evenness of J:-elative species abundance 
s 

in the. community, was calculated as H = - 8 pi log10pi (V..7hit·· 

taker 1972). 

Relat:iv_?_.abundance of ~ecies in each treatment c.la.ss· --------·---

Cl9 

Mean cover values were calculated for each species in the. same 

manner as. for life forms. The mean cover values and frequen•< 

cies of some pro~inent species are pr·esented in Tablc:'.s 5 and 
I. 

6. Table 5 contains data for north facing plots (21 and 4 

years old) and Table 6 contains data for south facing plots 

(37 and 4 years old). 

DISCUSSION 

The relative abundance of life forms as preE.r..mted in Table 1 

quantifies what can be seen at a glance ·when one looks at th~~ 

vegetation itself. Trees are absent from younger vegetation 9 

and star~ to appear only in much older stands. Larger seed­

reproducing shrubs are almost totally eliminated from areas 

burnt on shorter rotations c Suc.h shrubs assume grea.t importance 

in mature (21 year old) vegetation, but decrease in importance 

again in older vegetation due to mortality among r'over·-mature" 

adult shrubs. Resprouting large shrubs are not as drastically 

effected, and are only marginally more important in mature 

stands. Smaller shrubs are also less effected by fire regime, 
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TABLE 5: CAl.CUl.ATED COVER PERCEnAGE AND FREQUENCY OF SCXE PROm~ENT SPECIES ON 
. NORTH ASPECT PLOTS 

MEAN COVER (PERCENT) FREQUE"1CY (NUMBER 
OF PL0TS) 1' 

FA}!ILY SPECIES 21 yr old 4 yr old 21 yr old 4 yr old 
~~~~~~~~~~~~~~~~~~~~~ 

Proteaccae 

:t'oaceae 

Restionaceae 

Cyperaceae 

Edcac.cne 

Aster<::ccile 

Anacard!.accae 

Ebenaccac 

·. Rutaceae · 
Rubiaceae 

Adiantaceae 

ltosaccae 

Olcaceac 
Santalaccac 

Umbel!i.forac 
-. l'olygalaccae. 

Cernniaccae 

Euphorbiac·0 ".e 

J..auraccac 
Lamiaccac 
Fabaccac 
'rhyme] acaceae 

Lobe linccac 
Rhamnaccac 

Protea rcpcns (L.) L, 
P.neriifplln R.Br. 
l'. nit ida Mi 11. 
P.acaulos (L.) Reichard 
tcucadcndron sa lignurn Berg. 
Cymbopozon "'arginatus 

(Steud.) Stapf 
Hcn;rneullera i:ufa (Nees) 

Cone rt 
Pcntaschis tis curvi folia 

(Schr:,1cL) Stnpf 
The~2da tri.<indra For:sk. · 
Rest io i;audichaudianus -
Kun th 
R, fili.fornis Poir. 
R.cuspidatus Thunb. 
R.triticcus Rottb, 
CannCGlois virbata (Rottb.) 

Stcud. 
Ele:t;ia juncea L. 
Hypodiscus albo-aristatus 

(Nees) ~bst, 
H.will cdenc.\.:ia ~last. 
Thamnochortus dichotornus 

(Rottb.) R.llr. 
Tctraria cuspidata (Rottb.) 

C.B. CJ, 
-T.ustulala (L.) C.B.Cl. 
Ficini~ dcusta (Berg.) 

29,5 
10,S 
1 •• 0 
l s 
2:5 

9,5 

0 

0,5 
3,5 

2,5 
(I 

0,5 
7,5 

l,O 
1,0 

l,f! 
0 

1,0 
10,0 

Lcvyns 0,5 
F. Hlifon:ii.s (L.:im.; Schrad. 2, 0 
Erica hispidula L. 1 1 5 
E.arti~ularis L. 0 
E.nudif lora L. 0 
E.plukcneti L. 1,-5 
E. sphacrn i.d('a I'-: l f <:>r 0 1 5 
E.ce:rintl;()it!cs 1.• 0 
Ercraia Lotta (Thunb.) D.Don 3,5 
Dcrkhcya herbacca (L,f.) 

Drur.c 
Ostcosper:ou::-. junccu:n llcrg. 
O.toc:'.cntosL:.ci (L. f.):\orl. 
Haplocarph.> lanata less. 
Corpo:biu::i r,l.:?i>rv_-:i L. 
Euryops abrot2nifolius 
(L.) DC. 

Helich11·su::1 rntilans (1..) 
Less. 

Caz~~la scrrata DC. 
Erocda imbrlcata (Lara.) 

2,0 
0 -
0 
o,5 
0 

0 

3,0 
0 

Lc\·yns 0. 
Ccrbcra croc~a (L.) O.Kuntze 0 
Hetalasia rauricata (L.) 

R.Br. 
Rhus r0s~arinifolia Yahl 
R.angu~tifolia L. 
R. Lo:'.1cntos~ L. 
Di os;.1yros glabra (L,) 

De ~linter 
Diost~a hirsuta L, 
Anthosper:n;.,;n ciliarc L. 
A.ncthiopi.cu:n L. 
Pellaca ptcroides (L.) 

Pr:ant 1 
Clif fortia cuncata Ait. 
C.rusci.folia L. 
Olea africana Mill. 
Thesiu11 c.2.ri:iatlL'n A.DC. 
T.spicatum L. 
T.dcnsiflorur:i A.DC. 
T,strictum llcrg. 

0 
2,0. 
3,0 
1,5 

5,0 
1,5 
3,0 
o,s 
1,0 

16,0 
10, 5 
0,5 
0 
0 
0 
0 

Ccntclla glabrata L. 2,0 
Huraltia hcistcri;;. (J.. )DC. 0 
Pelargoniu;:n r.1yrrbifo1ium 

(L.) Ait. . 3,5 
Clutia alatcrnoidcs L. 4,0 
C.polygonoidcs L, O,S 
Cassytha ciliolata Noos 6,S 
Salvia africana-cocrulca L. 1,0 
Rafnia cancnsis (L.) Druce 0 
Struthiola cilia ta (L.) 

L.'lm, 0 
Lobclia coronopifolia 00 
l'.'hylica imbcrbis Bcq;. 00 

. *Ten plots i.n £ach ti:catm<>nt 1-:crc s:.m'plcd, 

0 10 0 
2,0 7 l 
3,0 6 '• -3,5 3 7 
8,0 4 9 

io,o 8 10 

o,5 0 l 

15,0 l 10 
0,6 3 2 

2,0 5 3 
11, 5 0 lO 
s,s l 7 
9,5 8 9 

2,5 2 3 
3,0 2 5 

5,75 2 5 
- 1, 5 0 3 

. 6,5 0 5 

2,0 2 3 
5,0 ll (, 

l,O 2 
4,S 4 8 
l,S 3 3 
1,0 0 2 
O,'.> 0 l 
1,0 :i 2 
1,0 i 2 
l,S 0 3 
0 3 0 

2,0 11 4 
5,0 0 5 
2,5 0 5 
2,0 1 4 
7,5 0 10 

2,0_ 0 4 

0 1, 0 
1,0 0 2 

i,5 0 3 
3,5 0 6 

3,0 0 6 
3,5 3 7 
o,s 3 l 
0 3 0 

1,0 5 1 
4,0 3 B 
l,O 5 2 
0 1 0 

0 2 0-
2,5 8 4 
0,5 7 J_ 

0 l 0 
1,0 0 2 
1,0 0 2 
o,s 0 l 
2,0 0 4 

5,_o - '~ - 8 --
3,5 0 6 

0 '• 0 
l+, 5 5 9 
2,_5 ] '• 
0 l+ 0 
0 10 0 
4,5 0 I~ 

2,5 0 5 
1,5 0 3 
1,0 0 2 
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'fAlll.E G: C!.LCUl.ATW COVER Pf:RC£);Tf.GE t,:\[) Fkl:Qt:f~;cy or so~:r. l'ROC!Tl\ENT Sl'EClFS 0:\ SOt:TH 1.sncr 1•1.ors 

FAMILY 

P1·otc'1r.ct>c 

l'oacc.~c 

r.cstionaccac 

tricllC.CllC 

Astcn1cccc 

Rosnccac 

JJruni.nccac 
Cuprcssnccac 

flncourtiriccnC' 
C'tlnstraccac 

Olcaccoc 
An(\Cardiaccilc 

tfyrsinaccoc 

fabaC.ellC 
£upho.:bi.Rccac 
PC'nA<:>acc:tc 
kutoct.·n.~ 
SLLntnlLJc·~~c 

l'Rl'.QUE:\CY (NUNBER 
lff.J.ti COVER (l'FRCf:;\T) or !;LOTS}* 

Sl'ECIES 37 yr old 4 yr old 37 yr old 4 yr old 

Protc~ ~lt!dn Hill, 
r.ncrii[oliu R.Dr, 
I', r~pcns (l .. ) •·. 
P.nceulos (I..) Reichard 
ti:::ucospcr,nt:ra 1 inca1·c 

(Thu11b.) f:.IJr. 
teucadct1dron s~lienu'"!'I I•.crg. 
L.gando~cri Schinz ex 

C:nnclot:c r 
L.splsslfoliuro (Sallsb, ex 

o, 7S 
12,125 
o,e75 
l,875 

o,375 
2,0 

o, 25 

Knight) 1.Hi.llln:ns 5, 75 
HimCLcs cucull.1tus (L.) R,J;r, O, 625 
Cyrr1bopOf,(1n r.:n rzinatus 

(St cud.) St.1pf 
lfon:roucll.cra ti.1fo (Nees) 

Concrt 
H,r.t>:i.ct" (Schrad.) Concrt 
l'<:ntns~:·.islil; curvi fol.ia 
(Sehr~~.) Stnpf · 

P.~teudcli.i (:\eCs) Mi:.Clcnn 
P.junci!olia Stapf. 
P.colornta (Stcud.) Stapf 
t:1nhnrta r:l::ics.'.l Tlnmb. 
Res ti o t.ni:dichaudi.'.lnus }(unth 
R.fiJifon1is l'oir. 
R.ccsri.d3tus 1hunb. 
~.triticcus Rottb. 
J:lcgia juncca l.. 
Stnbcroh.i ccrnun (I .. f.) 
wr. !t Shinz 

l~podiscus albo-nristctus 
(Nee•) Hnst. · 

'fh;l:nnoc.ho1·t u.c; d ic.hotomus 
(Rottb.) R.Dr. 
Canno~ois vi.rt;atu (Rott~).) 
Stc:ud, 

Tc~~arla cuspidata (Rottb.) 
c:.~.C:l. 

T.invotucrnta (Rottb.) C.~ . 

3,625 

f·, 25 
11,0 

0,25 
o;s1s 
0 
3,375 
o, &?.5 
.;, s 7 5 
2,<J 
o, 37 5 
5,375 
3,4 

o, 75 

2, 125 

1,0 

ls-,O 

. Cl. 5,0 
T.c.<-ppl.l lnc<'a (Thunb.) C.ll. 

Cl. 
T.ustulata (1..) C.B.Cl. 
Flclnla d~usta (Ucr~.)Lrvyns 
f. U I lf or.ol s (LY1.) Schrad. · 
l'.t.n,ndif !om Arnold (L..<.o•,) 

re elf fer 
F,n!grcsccns (Schr~dJJ.Raynal 
J:rica hl•pidula L. 
f:.c:occ.in+:-:'! L. 
t,nrtJcu13ris L. 
J:,nuc!if J c•ra· l.. 
£.pluhcncttl L. 
t:.C.ll)ydn,1 f.. 
E.grandiflora L.!. 
£,iph::croldca Dulfcr 
~.ccrlnthoi<lc5 L. 
!Jnkhcyn hcrbacca (I .. f ,) 

llruce 

0,62S 
2. 625 o; ;is 
2,B7S 

0, 15 
I, 25 
&, \) 
3,E75 
o,ei;:s 
"· 05 
'•,!)75 
l.' '· 0, 125 
0,9 
1,75 

11.,JjcJ:iysuro crispum (L.) 
l>.flon. l,/'.i 

11.frllm:m Less. 2,0 
11.rot.unclifoliu':l (Thun1J.) L!.'!ss.0,?.75 
Or.tr~sper::-iu:n junccu~ Re:-,;;. Ot 1/) 
O.to:n~nlost"'1 (l .• f.) Sorl,' l,&'l5 
Stoebe pl u:nosa Thu11h. 1, 2 7 5 
S.cnpll&ta Dcrg. C,625 
llaplocaq.h.1 i'"uta J.css. 1,0 
J,co11tonrx •nathul.1cus l.css. O, 25 
Cr:rbcra a5plc:nifolia Sprcnt;. O, 375 
Cor)~:ibit::o i;lahrt:r.1 L. l., 7.5 
c.villos1.:::i L. f, 2,6;:s 

. c,s Scncclo pinifolius (L.) 
J.run. 

Urslnl.a c.rlth:noidcs (Dcq;). 
P<>ir. 0 

Gna.phal ilsn t1nduJc.1.tcrn L. 0,5 
J't!.'roni.a car.:phornta I.. l,C 
CJ lffc:>i:tl.a rus::ifolia L. 0, &25 
c.cuncnta Ait, 3,lS 
Dn.ini a nodiflora . 9' .S7 5 ... 
\.!icldrin;t:onia norJHlora 

(L.) Pol-:ri c 3,15 
Klt,;:r.l<>riil ~fric,\r.n L. l,S5 
N.:tytl'nus olcol.dcs ( Liro.) 
L~cs. 1,02S 

M.acumint".lt.us (I .. f.) l.ocs. o,02s 
Olea tifricnnn Mill. o, 25 
t~hus nn[:ustlfoljn L. 2,325 
R.ros1n~rir1ifolia Vohl 1,5 
R .. lo~:ir;n!.o.s.:.1. I.. 0,1. . 
Myrsinc ,, { r j c., n.:1 I.. O,S7S 
1'1lpanca mclnnophbcos (! .. ) 

o,O?.S l:cz 
R:ifni.n c:ipcn5ls (L.) Orucc 0 
Clutia al<.1tl'ri10J.dcs L 0,625 
Pcn:it:n. l':'IUCn.111.:tt~ I.. '.l.25 
l.Ho s~a hirsut:\ I.. 6:875 
Th<!:; iu~u !>pfC!ll.Um L. 0 
1",dcnslflort::o A.De, 0 
l.strictu:n gcrc:. 0 

0,375 
0,025 
0 
J,15 

l.,525 
0,875 

0 

l0, 125 
C,15 

2,875 

8,625 

'·· !>75 
l, l?S 
3,25 
o, S'l5 
7,0 
0, 625 c., 37.5 
(;, J 25 
4,25 
5,(.25 
6,25 

l, 125 

0,5 

8,125 

7., 5 
4,0 
0,5 
7, 125 

0,875 
1,62.5 
J,<;2S 
2,5 
1,25 
C·,375 
C, 15 
2,5 
o, 25 
o, J.25 
1,15 

5, 125 

Ci, 75 
0, 125 
0,1?5 
l.,625 
2,375 
C,75 
2,87'.:. 
3,25 
1,5 
l, 62!'-
8, 5 
3, 125 

J.,25 

0,425 
J,62S 
0 
0 
0,025 
5JB75 

o,n 
0 

0 
0 
0 
0,07.5 
1, 62~ 
0 
o· 

0 
3,375 
0, 12!i 
0 
3, 375 
(l, 25 
Oa;.:~, 
0,25 

2 
JO 

3 
l!i 

3 
8 

2 

31 
2 

l.5 

26 
35 

2 
7 
0 

12 
2 

21, 
ll. 

3 
ll 
21: 
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lt. . .. 
12 

19 
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10 
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33 
15 
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ll 
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periods. 

The mean height~ bf some species (given in Table 3) are in-

eluded to give an indication of how these species react to 

differing fire frequencies. Some larger shrubs and trees 

(for example Brunia nodij=lora and Widdringtonia nodi£1ora2._ 

manage to survive fires by resprouting from the bases but are 

severely reduced in height; others~ such as Prote~',;.i-tida~ 

resprout from epicormic buds and are not as severely affec­

ted. Some shrubs show a drop in height in the old vegeta­

tion due to partial dieback. with increasing age (e.g. l?rote~ 

neriifolia), while some continue to increase in height (e. g~ 

Cliff_s>rtia ruscifolta). Grasses, restios and other herbs do 

not show much difference in helght for different vegetation 

ages, althott~h grasses such as Pentasc.h.istis collorata and . . --~--------.--....-· ... --
Herxmeullera strict~ are. significantly taller in four year old 

vegetation when comp:tred to 37 year old vegetation at the 5 

percent level of significance. Large effects of fire regime 

on plant height appear to be limited to the larger shrubs. 

The mean number of species per plot (Table 4) is significant­

ly lO'wer in 21 year old vegetation when compared to the othe:i: 

age classes, which do not differ.significantly from each 

other. This must be interpreted together with information 

presented in Tables 5 and G. Mature 21 year old vegetation 

is dominated by large shrubs with smaller plantss noticeably 
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'~.'-·, .. ~·-· .,., ... ~ .• _,,..·.-"1.\1'··~·< . . , 
the Restionaceae and Astcraceae~ pe:i.nr.i'··o'f/ fat less hnportance 

resulting in a relatively· ·species-poor 1v~getation. The in­

crease in ~pecies ·richness tin much older ~eget'ation: CaD.' pj:Ob­

ably be ascribed to' ti1.e recovery' o'f understorey" '1)laht spec1,es 

due to mortal'ity among dominant proteaceous shrubs~ as well 

as the increased importance of trees· and other shrubs. A 
'. 

direct comparison· of the 37 year old ·with· 21 ·year old veg:eta.-

tion is not· valid due· to drastic differences in aspect and geo­

logy resulting in diff~r.ences in. the plant commui1it':ies pre·­

sent, and.this may'account~f6r at ieasi:~ some ~f the increase 

in species diversity as"·wei1·. 

, J • ' 1 

CONCLUSION ~ I ' ' 

-----
., .. 

.. 
~ . " -

. ' ' 

The assumption upon -which this · study-·j__~·-ba.~ed ~ namely that 

certain environmental coinbii.1ations · determh1e the 61imax· · · . . 

vegetation~ may· be ·open to ·objection. Mistakes 6r ommissions 

·of important: variables: in-defining env:i.J:onmental subgroups 

could possibly lead to erroneous interpretation.of results. 

However, c~rtain· factor~·justifj t~is ~pproach. The~area~ 

st11die9 are in very close pt~ximity ~to ..-·,each oi:her and th~·te-· 

fore do not vary .climatically. '. In addition; a·· representative 

range of aspect, altitµde and so:Ll.'types·were ·sampled. An al·· 

ternative appr~ach would 'be~ to t.ts.e a. perrna.ne.nt~plotlstudy. 

This technique is being applied ~ls"E::~,1he;:-e·' (seE~ van ·lvllgei1 ·and 

Kruger 1980) but· due to long burning rotati6n~ ·of up .to. 12 

years being tested~' urgently needed 'results ·~vill be outsta.nd.-
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not seen at higher altitudes on shallower soils or on sand.:. 

stone soils. .., 

In conclusion, it can ·be stated that the apparent optimum 

fire frequencies necessary to maintain healthy fynbos at 

. Jonkershoek would be about once in 15 to 25 years. Short 

burning rotations result in the elimination of certain spe­

cies, most notably the longer-lived seed regenerating shrubs. 

Long protection from fire results in the degeneration of the 

vegetatio11 with accompanying buildup of high fuel levels and 

a reduction of reproductive potential .. Further development to 

forest would be on limited areas only. 

Similar investigations should be carried out in other areas 

of fynbos. to determine whether conclusions drawn here are 

valid in areas of lo~er rainfall or differing g~ology. 
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PART IV GENERAL CONCLUSIONS 

~ : 

4.1 SURVEY METHODS USED 

The study was undertaken in order to obtain data on the ef ~ 

f ects of f :1re frequency on f)_7nbos in a relatively short 

space of time. Ideally such a study should be un.de:ctak:e:-1 

on permanent plots (see van Wilgen and Kruger 1980), but 

this is of course an extremely long tern undertaking while~ 
-

data are presently urgently required. This exarriination of 

adjacent areas has provided some data on the effects of 
-

fire frequency~ This information should be interpreted vJi th 

the problems involved in such surveys in mind. 

One of the major difficulties facing ·a- field ecologist work .. , 

ing in fynbos is that of accurate species identification in 

the field.. This is not only due to tb.e vast number of spe~ 

cies encountered (see Wicht 1945, Acocks 1953, Werger et 

al 1972, Boucher 1972) but also because the taxonomic status 
~ 

of many groups is poor and many species are· • 1 easi.Ly confus E-~d 

·in the vegetative state. There does not seem to be any easy 

answer to this problem. It may be possible to study certain 

Dl 

common and easily recognizable species; the response of such 

species (to fire or whatever treatment is .being tested), could 

be used to extrapolate the effects on the vegetation as a 
.. 

whole. Using this approach, the selection of representative 

species poses a problem. · Another approach wotild be to use 

all species classified into life forms instead of species , 
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as was done in part of this study$ but this technique may rna.sk 

th~ response of individual species to a given treatment. 

A further problem in a survey of the type reported here, is 

·.that it presupposes that the same vegetation will exist on 

adjacent sites w.Lth i:he same soil type, geology and fire re·-

. gime. This is not always true, especially s.0 in fynbos, and 

for this reason the results presented here can only be re­

garded as broad trends. Subtle differences in vegetation 
. 

have probably remained uridetected. Nevertheless, ~he data ob-

tained is of value in illwninating some of the broader effects 

of fire regime. This will be discussed later, 

Lastly, it should be emphasized that similar studies should 

be und<ecrtaken in other fynbos zon:::s, such as in arid fynbos 

in the Cedarberg. The Jonkershoek area ha:;; "'h1'0-'11 ""'"l·r..,-Fa11 Ct . ~ t=.:, . . ;_ C...t. .J . .a-- .J~ -'-· 

\~hen compared_ to many othc:r fynbos areas anci this~ combined 

with geological factors, must be ta.ken into account when ex-

trapolating these results to other areas. 

v 4.2 FIRE AND SPECIES LIFE CYCLES 

The hypothesis that certain species such as fire lilies 

(Levyns 1971) ~ the marsh rose (Oro.!::_)1._§mnus 3e~) (van der 

Merwe 19 7 5) d.nd the blushing bride ( Serrm:ia_f 1:-<2.~~:id~_!) (Taylor 

1972) need frequent fire to complete their life cycles has been 

questiCJned by_ Moll et al (1980).This study has revealed that 
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Protea ner:Lifolia at Jonk.ershoek has a life span of about 

30 years whereafter the plants die in large numbers. Simi·· 

lar observations have been made on Lt:ucadendror~ J.:...au~eoluff! 

in the Kogelberg. Some ge~~i~ation does occur under such 

senescent stands, but this is on a very limited scale. On 

the other hand, fir~ in mature stands of Protea neriifolia is 

~ followed by mortality of adults and large scale germination 

of seed. Work in the Swartberg by Bond (1980) has sho 1\tln that 

burns in senescent stands of vegetation (45 to SO years old) 
' 

dominate~ by Proteaceae (Protea E.!;:pen~ 9 .J:!E.irnia~ 1?.·J?.!:l_nc.!:_at~ 
• -

and Leucadend?;_9n spp.) results in very poor seed germination 

when compared to burnt mature (18-20 year old) vegetation" He 

postulates that this is due to a reduction in viability in 

~anopy and soil stored seed, a decline in seed production 
-~ -

and continual seed predation. The role of nutrients and 

chemical germination inhibitors (i_f any) in fynbos is not 

understood and data on these aspects ff~:-e lacking. Any hypothe­

sis on these can therefore only be speculation at this stage. 

It would,therefore,appear that fire is necessary for the 

successful completion of· life cycles of Protea neriifol:..h?: and 

othersj and that this fire should take place at the mature 

stage. 

The life cycle of Widdringtonia nod_:i_ f lor§: is less easily 

explained. Widdril}gtonia resprouts following fire, and has 

remained a vigourous and.dominant component of the vegetation 

·. 
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for 37 years without showing any.signs of senescence. I 

know of no case where seedlings of this species have been 

observed immediately f6llowing fires but se~dlings have been 

found in the old stands of fynbos in Langrivier. The fact 

that resp~outing species do·rarely produce seedlings in 

older stands of fire - adapted vegetation. is discussed by 

Zedler (1977). 

CAlifornian chaparral, and he postulates that evolutionary 

constraints may have made it impossible for this species to 

evolve the proper combination of fruiting phenology, seed 

behaviour, predator protection_, dispersal and reproductive 

effort that are required to successfully exploit the post-

fire envirornnent. The advantages of reseeding instead 

of resprouting may be genetic, in other words reseeding 

following fir~ would mean a greater number of sexual g2ne~ 
. I 

rations 7 resulting in a greater frequency of natural S(:;lec-

tion (Wells 1969). 

(1977) who points 

This hypothes:Ls is questioned by Keeley 

.out that non.sprouters do not appear to · · 
. ·' ff''.· 

have any obvious advantage over sprouters~ which are veJJ' 

successful components of Californian chaprirralo The fact 

that seeders and sprouters coexist shows the weakness of the 

hypothesis. WiddriI)E._t?,.P.:_~a would appear to be a succes.sfill. 

resprouter with some relic reseeding occurring. 

EFFECTS OF SHORT ROTATION BURNING ---------··------
Continual short rotation burning (G to 8 years) is detrimental 

/ 
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to fynbos. The major effect of frequent burning is the 

'elimination of larger seed reproclucin_g shrubs, but large 

resprouting species such as W~dgEi~~nL~ nodiflora are 

redu~ed in height and frequency and may also eventually 
•' 

dissappear. The conclusion that frequent burning drasti~· 

cally reduces the biomass is mainly due to this effect. 

Normal young fynbos is usually dominated by hemicryptopl1ytes 

and this is true of the vegetation sampled in this study. 

The higher biomass ·of older stands is mainly due to large~ 

shrubs. The seedlings of these shrubs are absent·. in fre~ 

quently burnt fynbos, and therefore it would appear that 

biomass will stay at a lower level, unl~ss immigration of 

larger shrubs occurs. This will depend on the size of the 

frequently burnt area and on the par.terns of seed dispersal 

for the spec.ies concerned (seed dispersal patterns are little 

understood in the fy:'l.bos). 

Species diversity is higher in young fynbos? and many speci~s 

have disappeared or are far less common in mature fynbosc 

However, these species reappear again after ~ burn in mature 

fynbos (van der Merwe 1966) and therefore this cannot be an 

a:i;gument to support short rotation burning. 

Short rotatiun burning does not have as drastic an effect ori. 

fynbos as may have been expected (va::1. Wilgen and Kruger 1980). 

Short rotation burning ma~ be used in some cases as a manage-
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ment tool .(f~r example in the control of exotic weeds) and 

this is probably permissible. The only question unanswered 

he-re. is that of recolonizat"ion by la'rge seed regenerating 

shrubs. However~ these shrubs are in many cases totally 

replaced by invasive weeds such as gake~erice§:~ and eli­

mination of such weeds should take priority, 

4.4 EFFECTS OF DEFERRED BURNING 

Deferred burning (for longer than 30 years) at Jonkershoek 

results in senescence of the vegetat:i_on, a red1.1c.tion in 

total live biomass and an eno:t..wous buildup of litter. The 

appearance of trees on some sites in Lai1grivier and in other 

areas of fynbos, for example Orange Kloof on the Cape Per1in­

sula (McKenzie et al 1977), may ind·i_cate that limited areas 

are seral to forest. Fire in such are~~-~ay be detrimental 

i.e. it may prevent the developmen~ of forests_ On the 

other hand, however$ fire is apparently necessary for the 

maintenance of healthy fynbos not seral to forest, as the 

majority of Langrivier would appear to be. The buildup of 

fuel in very old £ynbos will probably.cause fires of very 

high intensities when they do burn. High intensity burns 

may cause higher mortality among certain resprouting species., 

This, coupled with the reduction_in reproductive potential, 

would make a long rotation burning regime (greater than 30 

years in Jonkershoek) undesirable. High intensity burns in 

fynbos areas close to human settlement (for example Hermanus) 

( 
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have resulted in.extensive damage to housing and property 

and this is also.an.argument (although not ecological)s 

against deferred burning in such areas. 

I.' 

Keeley (1977) argues for long intervals (up to 100 years) 

between fires in Californian chaparral. His hypothesis main-

. tains that obligate seeders depend on building up of seed 

pools, and that shorter periods between fires are of greater 

advantage to resprouting species. Occasional extended periods 

of time would have worked to favour seeders over sprouters. 

The sprouters \·rnuld have suffered higher mortality in the 

subsequent burn, and large seed pools would have been avail­

able .. This does not seem likely in fynbos, however, especial~ 

ly in view of the work done by Bond (1980). 

4.5 FIRE REGIME AT JONKERSHOEK 

The fire frequency required to maintain. healthy fynbos at Jon­

kershoek would appear to be anything between 15 and 25 years. 

In the limited areas which may be seral to forest~ fire should 

be excluded so that the further development of the stands can 

be followed. Should a true forest or scrub forest develop, 

the vegetation on. these. limited sites would differ from the 

inflammable fynbos, and may be able to withstand periodic 

fires around it. For the majority of the area, howeve~, fire 

is apparently necessary to maintain healthy vegetation. 



D8 

Fire frequency in fynbo~-:; may have ve .. ried anything from once 

in six to once in 40 years under na.tural fire regimes in the 

past (Kruger, in Day et al 1979). The idea that longer inter·" 

vals between fires mai be necessary to maintain the flora~ is 

reflected in the gradual lengthening of suggested rotatio-n.s 

of prescribed burns in fynbos. These havP. go:q.e from eigh.t 

years in 1968 to recommendations for a 15 yc~ar rotation in 

. 1979 (Kruger and Lamb 1979)s and the need for flexibility 

has always been.stressed. This has been discussed under the 

general introduction. Fire frequency at. .Jonkershoek should 

be varied at random between the limits suggested, as this 

would probably simulate a more natural situation tban a 

fixed and inflexible rotation. Burning rotations for other 
-· 

areas of fynbos should be separately d<~terr..1in2d, . and bc::.sed or1 

observations on the flora of the particula~ area. 
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