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The COl1lceI)tlOln, 1"''''''''''''0' execution and of this were my own. 
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'-u .. p.... 2 is aClalPte:a from a II ... ' .. "'" .... my !i:11f'll".I"VI!i:irlr 

As with the rest of 

suggestlOIIS to 1IInr'rn~"" 

his COIltrilbution was limited to discussion and 

ChapterS is on the 1",,,,,,, ... ,,\)111 

Forest """" ........ 15 O'l'namlC:S. 

he did not Corltrit)ute to 

idea arose from discussion 

p, .... I1 .. &l15. execution or of this 

a role in Sand 
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Unlike most Sand Forest has been human 

and ... ,.r"111'"'' a rare OP1)Orturlltv to UVA ......... "" of nll1l_01rn"vtl1 

wnl~n'ln classification and DCA ordination 

of a wide range of forest in north-eastern K waZulu 

that Forest differs from all other 

that Sand Forest SaInplleS, which occur on inland dune sands of Pleistocene 

group with a characteristic set of """""'''''. U'L ... U,UU"JI', Cleistanthus ~chlec,hte,rt 

Croton pSj~ua!OpiUlc.nellUS 

until very 

forests. 

an indirect ~l<'Ull"H' 

indicated 

form a cohesive 

dominance of two 

canopy C. schlechteri and Newtonia hzl,at>/)ranf1l'll at the of that 

is similar across the range in north-eastern KwaZulu-Natal. 

turnover of subdominant between two recogIllsa,ble Sand Forest 

and Eastern Sand the need to conserve the full range of extant forest. Further 

saIlnplmg for this thesis was l!S""'''lI'''Y ."1-'11 ..... ''"' .... in at least two sites the range of Sand 

Forest structure and COlnp'OSltlOltl. 

Sand Forest structure was of undisturbed with a stand basal area 

32 average canopy was short (7 - 11 of adult trees cm 

yu,eu" ... u,_, C. scllle(~htlf'!rz. was estimated at 1.0 % for a 1 year 

in undisturbed 

disturbance 

11'1_' ... "·,,, .... forest was almost pnftTPllv rather than ~,.. .. ,n"t.,., After lanZe-iscale 

fire recovery was Since reSPf(mtlmg is dominated a 

common subset of and other ",",,",uU'''JI','' were almost absent more than two 

years after it seems 1CUJ~'"'-,~ ..... ''"' disturbance is necessary for the maintenance of 

l1n.rPT!:nV at a whole forest scale. 

Juveniles of most were but were found close to 

Hrull\';~llllllJ; that continuous in situ ... u ........... , rather than """,ru.,,.,,<o 

prc:domUlatjeS in these forests. This conclusion was the distribution of Sand Forest trees 

with to canopy openness. Small were more common, or occurred in similar 

aerlSltlleS, in shaded environments "V'L"",,,"'U to open gaps in the canopy. :SPI~CH~S 

distributions with to canopy openness, both in the extremes of gaps and shaded "U""",,,,v 

areas, and from estimates of canopy openness above the crowns of 2273 trees at Mkuzi and 

3361 individuals at a of niche The lIltter data indicate that 

were the continuum of canopy openness, 

between that niche UUllUU1!;; of this contirluum is to be the mechanism 

of coexistence. This is amongst the first evidence that of canopy openness are 

i ..... ,nn1rl'""t in the the classic models 

in moister forests are to 

viii 
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In nlrll_arnWrn Sand Forest in ",..,,''' .... '' .. 11 areas, tree size-class distritlutilons reveal a ''''',lU'''<:; ''''''''''''ih, of 

sapll1nl~S of most the two C. schlechteri 

and N. nmzemran.tllU. All SaIJllplc::d Sand Forest exllibiited severe and water-

rcplC1U:::ncy, .. ,"u ...... jl; in poor that this 

exacerbates low"'''''' .... ,,'''' 

These data also ,,"""" ....... Et distribution in ... "nn." shaded environments is a result of 

of mo(lerately 

that differences in gerIDlllau,on. n."uv,~",," wa,ter,-rell>Clllent 

low numbers of i .. ", ..... iI .. < observed in conserved Sand 

em,irolnments, rather 

hycirophc)bilc) soils may contribute to the 

the absence 

of u-iI"' .... I~u 

survival 

Forest have size-class 

nll'l'.w!O:.na Trees shorter than two metres are 

indicates that low 

in conserved nIClI-Pl'nWrn Sand 

In .. 'r"hl .. to brolw!l:iinl!'. and ~ ..... ~;~_I 

are unlle1'lrep:reslentled or absent from tree VU)JUllllLllm:s. The causative role of h .. """"",.. 

these size classes 

was confirmed in 

correlated with a two ways. relative of ''''!J'lI''l';'' 

spe:cie:s-slpec:it1c index of and 

densities of C. schlechteri and N. hildebrandtii in two conserved areas with 

were to an undisturbed sacred on communal with no antelo,pc, or 

Densities of were similar and low at all but densities of of both were at 

1SJ./1!U1U:;U two year old """, ... "",,,,," of two Sand in the unbrowsed forest. least 

Forest tree pauuaDU:: N. hildebrandtii and moderatelly piwal,aDIIC Combretum mf(uzernsln 

explOse~ to nonnallevels of at Mkuzi Game Reserve six months were all h ...... """.1'1 

."''''A ..... Et in 77 % lower vertical cOlillPared to from hrn,w!l:iina No 

diftt'erence in was del:ect:ed, but it is that continuous removal from slow-

term. The almost cornplete absence of of 

many Sand Forest tree in areas, "'''L'''''''Ia.U 1 of the C. schlechteri 

and N. hil.del,,.andl~ii, :S1.4l!1.Jt;"'''U. that continuous ....... " .... P.. could cause 

lIJ./t;"U:;II. and potentially WiIlUlilll,I"iIllllj structure and function. 

I the po~isib:ility of rate estimates from annual in 

C. schlechteri and N. hildebrandlii. Growth 

aDllleared not to be annual in nature. A 

in N. were difficult to distinlzuil.h and 

radiocarbon date from a 23 cm IJUlUICI,1O'1 

a diameter increment 

pnlencl1o~~y clros:s-d:abfll!: of recent 

DBH. In five of C. .lIrllliprhtpJri. 

and a count COITOtlOIliLted radiocarbon 

date indicated that visible increments were in fact annual Annual increments 

were very close to the and increased from less than mm in width within 

5 mm of the to over 1.0 mm 10 mm from of the stem diameter> 2 

in adult trees was 1.33 mm ± 0.63 mm 

2.7 mm and did not SUb!SWltialll} with dian:teter. The 

the trees in the Tembe area where these S8IlIlPU~S were harvested cm 

:SU)()l;lO'iiiL that 

may reach 200 

ix 
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or more. 

not the result 

are 

lOn,l!-lImn data on tree 

thf'lnno,hnillt it's 

season, even where 

low rates 

.h~~.".h th~eslze-c.IU!;es. 

These ~ults also II1l!jiUUj;UI 

rates and age from the 

other 

low 

the imJJlacts 

ClerlslUes are 

excessive 

UUIItUUIUI~ valuable 

in C. schlechteri 

em.'lfOlllmcmts with a Drolnolmcc~ 

The evidence presenlted in this the and 

conservation of Sand and these are Wiilol,;UiiloiiloC:;U in the individual chalDters and the conclusion. 

x 
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INT~ODUCTION 

PI •• ~ I. Sand Foresl typicall) oomim or tlO.1J'IiOOOlb a1igm:d >trips, patchily 

di>lrlbu!<d in a matrix of open .. ,.""". or ~""d OIl ihe !lime Plois!occn< 

",,,d.. Note the ,harp bowKhorie, bot""-",, forest and sa,'""",," 



Univ
ers

ity
 of

  C
ap

e T
ow

n

, 

, , 
" 
, 

.,..- ...... 
• 

";: '~ .. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

'.--<J,au • ...,.!. 1 

areas of the and sublrropiics, in Africa. 

World-wide 

once covered 

are a 

" .... ,f'.V .. " .... , often for thousands of years. 

environment for 

the last remnants of 

and have been 

forest are cut 

and cleared & 

and without the _1~,_._ .. _ of wet "V"H'''''' 

conserved. 

unnoticed researchers and conservationists until 

known and Ul<l,UC • .j U~IICI 

Sand a !IT()Wllnll on the sut)tf()Pllcal IVU',j./U'''U.'uu coastal in South Africa and 

In .... ""'''Ulj''tU'IO, is for a number of reasons. Sand Forest is unusual in that human 

densities have been very low in and around these forests until very The aeolian 

sands on which these forests grow are infertile and unsuitable for "14.!.l'-UlLUl 

Ceruti unlike most forest soils that tend to be fertile & 

Bullock et al. In the absence of available water over most of the South African range 

n .. ,."""tpt1 settlement of areas until the roads and water of the modem world reached this 

rural backwater in the last few years. In In ... ,L,WlUU,''1U''', civil war decades detlOtlulated a 

of modem human 1'\.IUl""U14,l1 Sand 

Forest is now overutilisation and Cle,anIltg for unsustainable subsistence 

outside of conserved areas, there are still nn'nnlml1nlt1 to and conserve forests 

that have pf()bably been undisturbed for UllU"'I.lll1i .. , an unheard of sitUation for forest. On a 

more local Sand Forest is ","lll"'I}" the most mt~ere:stmlg and in the 

Centre of tm,delmsim, and is associated with a 

near-endemics Matthews et al. 2001; van 

site and "' ... , ...... 1' .. t"l;"' .. 

In"'!'." ..... "' .... forms the narrow southern 5700 

up the east coast into uu'U ..... ,'" East and 

number of M~lputal!md endemics and 

& Smith 

ofa coastal 

is 

both a transition zone, where many and animal reach their southern limit & White 

White and an centre of endemism in its own van 

& Smith This area is delimited the narrow Lebombo Mountain range 

in the west and the Indian Ocean in the East Bruton & Maud The 

northern and southern limits are more ",rl-.itr,.rv 

in the north and the Mkuzi River 

Lucia in the south 

southern limit of Sand Forest 

.. ", .. <:;",I<:;U to extend as far as MatlU1:O 

1980), or more rp('Protll" the Lake St. 

which also r.nrTP"nnlnct" to the extreme 

"n~'lJu ...... mu has affinities with the 

1 Note that the term u.VIJ'''''''' forest includes both Uvll' .... '''''' and 
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INTRODUCTION 

flora of the Indian Ocean Coastal Belt & White White and is also part of 

the In'1IJLL .... ' .. 1l'U-CUll\.UI<lUU Ke~1l'10iflal Mosaic exl:ellidinlg southward 

The ve~~eult1(Jln of M2lpuumma is a "UIHV.'''''' mosaic of savannah and with 

local "1!C'"IIO''''' in response to soils and climate ""''''''1''''' the botanical of 

the area, it has rp"pnrlV been SClenlt1tllcall) 

coastal belt and midlands 

encomlpassilng the 

LUj'Ul~'UU, stated: •... there is no doubt that uaU"",,","'J .... ' the coastbelt proper, 

evergreen forest ... is a true climatic climax. evergreen forest is 

not the forest in the References to 

first appear in the literature in the mid-1960's 

the name Sand Forest to the 

cordon known as Dune the time Moll 

of the coastal dune 

and Moll & White 

described the " .. c ..... ,T> ...... liU.U, the term Sand Forest was used to describe the 

semideciduous forest n,..r·""'~"cr soils well inland of the coast. list a of common 

and tree Newtonia Cleistanthus 

Balanites mll'uanmm" Ptl1,pr/l1<"u.lnn vu,'<t .... '" and others. The term Sand 

Forest has since "A"~""'_' et al. and use 

In South this name has been used to refer to dense forests with 

numerous trees and shrubs Moor et al. Moll Moll & White Moll Maass 

short canopy m or De Moor et al. 1977. 10-25 m: Moll & White 

Moll 1980.5-13 m with above 15 m: Ward in conditions 

1967. 700-900 mm: Moll & White on white to soils 

De Moor et al. Moll & White Moll Ward 

These forests tend to be distributed in characteristic north-south oriented 

Moll Moll & White Ward 1981, see Plate 

soils 

The formation of the modern coastal started after the resistant volcanic rlw'nll'r", lavas 

that form the Lebombo and underlie the coastal were tilted eastward the 

break up of Gondwanaland about 140 million years ago. At the formed on the 

seaward Cretaceous marine sedllInent,ary rock and ""'l'a"V"l'''' 

to form the From the end of the the 

was rp .. "",,1, .. I1'hT e"posed and sul)m,erj.l:ed as the southern 

African continental flexed and world-wide sea levels rose and fell. The marine 

tTl'I'no;:c'''''''!~!Olj,rmo;: and resulted in of sedimentation and with marine "pr.nC.TC 

laid then eroded and redistributed wind and water. 

Thus most of the coastal is covered in recent infertile wind distributed sands. The 

result has been the formation of a distinctive series of north-south dune to the 

coastline These dune cordons decrease in age from west to east, and the 

2 
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Chapter I 

olde't, mo,t westerly dune cordon may date from the Plio·Plei.t""e"" (Da,-ie. 1976). 1beoc oldest 

palaeo-dunes are not weI] pre •• rwd .,.,j ore Jeep red in colour due to advanced muteTal diagene" •. 

The 'Olt.. on younger, more eosterly dUDe. ore gCTlCIally poorly developed, yellow to orange "mo..,k 

Sond Fore't occurs on Ille full r.ng. of tbe onland do"" . ondo. Th. t. ll co •• tal dune cordon " 

compooed of dystrophic pallid san<Is, wnb . teep ']opes . tlbilioed by Dune Fore. t ( .. nsu M.cUcvclte e1 

ai, (989) ond .crub, Between tho dune ridge>, the ,,,".tal plaln i. flot to gently undulotiog, .nd ollen 

covered w1th loose dy.trophIC .. ods (Walkey. <I ai, 1993), It ",oms lii:.ly that mo,t of tho Maputalartd 

landscape i, youDger thaD one million yea". 

Climate 

The chmat. of Maputaland i, moist , ubtropocol along tho CO'lSt wh.re .. rnf~1l is over 1000 mm per 

onnLlm, becoming dry .ubtropICol • • hort di, tarlCe mlmd wltb Ie .. than 600 rum per Olmum. R.mfall 

IlICrea,es to over 800 rom per :iI.lmum olong the c,-.,.t of the Lebombo Mountaim (Maud 1980; W. tkoys 

eJ ai, 1993), Summers a,. hot ~nd humid w,th tb. highest mO<\thly p<ecipit:>.tion botw.en Scptember 

and ApriL Winton ~re cool and dry. M..,n .nnual tcmpcr~turc varies from 21T olong tho I ,ebord>o 

MountaiM to 23"C;n the centre of the coa. t.l pl.m, mndeT~ting .lightly .long Ih. coost to 2FC. The 

. rea tendo to be hurrud thmughout the year, e>en in the drier centre of the c,,", tal pl. ln, atthough 

.vaporot,on rote.:ore h1gh (Wolley> et al. 1993) 

The Htland area, of the Maputaland c"", tal phin th.t , upport Sand Fore" fall 1nto Holdridljle', (1 %7) 

Tropic'll Dry Forc.t hlOdirnatic zOlle. Rainfall in this area vario. from 620 rum yoor" to 86-0 mrn yeu" 

.,.,j i, .trongly .e'lOnal (Figure 2), The high voriobJlity between site. chotllC,erlstic of the Teg;oo 11 

evident in the pronouI>C.d dIfference in ramf.ll quallllty and pouorn bem',en Fal,e Boy Parl aoJ tbe 

Mku7.i Gome Rc>ef\" w .. ther station OIIly 40 kID northwest, 
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INTRODVCTI(}N 

" 
" 

" 

'.~,:~::' ''-.,.~.~--. ''"') ,,,. '" "' .. . "'""" 
" '" 
• 
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Figur. 1. Climat. diagram, fo< I range Sand Fo<eSl .ite, <ampled in 100 'tudy. 
Dot. for False !l.y Park supplied by IS("W. AgrOOlol S."lion, daQ fIJI" remaimng 
,ite, .,uppli .d by tho K w.Zulu_N.t.l ".ture C,m""'.ti",, Service (KZNNeS). 

RaiTIf.n fil[llre, ,ecurded at Sand Fore,t ,jte, are.t the luw end of the r.nges for dry forest globo.Uy 

(, eo <.g. Ilullod d ,Ii. 1995), OJ"I high poteut;al e,'apolatiuu (f;~nJ. 2) ;1) fure,\.< with ,andy "",ii, of 

luw Wlter holding clpacity mdic.te, that the,e fore.t' are lik.ly to ,ulfer moi,ture dotint throughuut 

the yea,. despite the foct that they o=r at the extreme "",uthem limi'" of tne ,u!>lropical zoo • . 

, 

i ! 

! 

I '" '00 . >~.\:j 
• 

I ,," 

\-
• \ 

Figure 2. FYaporohOl1 dat. ore ,-"ailoble for only two Sand Fore't "teo: 
jI,-Iku,i G.me Re""rve (dall: ~CS) ond FoI, e Boy Pork (data IS0.\I). 

The upper line is awroge monthly ... poratoun. lhe lower line is .,,",age 
ITl{milily roinfoll . .\it",i was OIle of the driest Sand F.,....I Slle" "h!le 
Fa!>. Ray Park had the Inghe't Ttcorded rainfall (",e Figure I) 

T ,OI1I:-term rainfall patterns from the thl'e. oIde" weather ,,,,tion. in the Sand For,"" 70ne confirm, that 

rainfall can "'try gr •• tly 0 .. ' ,lion di.to.n,e, (c •. 25 bn) .• nd from. year to year (Figure 31 
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3. term annual rainfall for three sites in 
the Sand Forest zone of the coastal 

Note the year to year at all 
sites and the poor correlation between Tembe and 
Ndumo which are 25 km with no 

differences in relief. 

The conservation of Sand Forest in South Africa is considered ...... · .. " .. rt,",t for a number of reasons. Sand 

Forest covers a small total area \1Y,," .... ,>O .. .£.l>O and is 

McKenzie 

unpalcted outside of conserved areas 

mitis 

& MacDevette 

and has a number of endemic 

It is rich in 

restricted "'nT .... ""'" 

Matthews et al. Sand Forest is also the habitat of a number of unusual or rare 

Ive,rnY,(1!7llS moschatus 

lIH"''''lIAJL!, Smithornis 

confmed to the Sand Forest 

the ..:>a1U" .. ljo;,U U1UUA"',Y' 

and NeerD'HHlrrt "UJLAUlilU. Nectarinia 

It is a drawcard for 

Craib and an lTn'nm1"l'ITlt local resource, a range 

traditional medicines and some food 

5 
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33· 

27" 

28· 

4. area. Reserves 
are numbered as follows: 1, False 2, 
Resource 3, Mkuzi Game 4, Ndumo 
Game 5, Tembe .l..a';pH""''' 6, Sileza Forest 

Service 
floristic survey of 
is numbered 7. 

the ...... "' .. ""'" owned and run 
the KwaZulu Nature Conservation 

Hell's a 
v .. g.".". 2), 

In South Africa Sand Forest is _ ... ,-_._,,_. conserved in fonnal reserves under the "y"" .. """ of the 

KwaZulu-Natal Nature Conservation Service. These reserves are False Mkuzi Game 

Tembe JJlt;jJHiUU Park and Sileza Forest Reserve 1), Other Ndumo Game 

than the Phinda Resource which contains lm'nnlrt~11t areas little Sand Forest is 

conserved on ...... ",lIt .. h, owned and manal~ed land. While this appears to be an extensive total area 

of ...... r.t"''''t .. rI Sand Forest is low see '-'"'''f.' ,,,. and has not been measured. 

Outside of reserves in South Sand Forest occurs "----"J in a north-south oriented band 

from False Park in the south and UTI{,pnm 

and east of Tembe. Sileza Forest Reserve is ""'~''''H''1'''11J 

dune sand in a matrix of flat veld and differs 

of Sand Forest in south Africa 

roads and water in lVAg."U''''' •• ''''''' 

of life for many rural v 1"'''''''''>1' 

to the north to include areas west of Ndumo 

,...,..r·' .... ' ...... on an isolated of 

from the very characteristic COInp()Sltlon 

nT",vj~jnn of amenities such as new 

South African gm/eurnnent has done 

the result has been the a lot to ,",,'w,,"' .. 

transformation of the areas of Sand Forest on rural comrnunallands as numbers 

grow far historical levels. 

6 
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areas of the LeI)Onlbols, riverine ,,!;<; ..... 'vu and areas of Coastal UUIlliSl:anu the coastal 

dune cordon are considered nde~rrepre:serlted in the the 

KZNNCS and the estal>lishment of further formal conservation areas COIltainil1lg Sand Forest this 

._v_ .... y been identified a conservation 

v~"m ••• ". These are areas of exc~eplt1ona1 

human 

conservation 

as such are 

However the M~lputal:an'l-plon<101:anC1 has 

Conservation International 

that has been been 

pers. 

transformed 

to receive aOCllt)ODlllI attention and more ambitious 

In southern rvll):L~1II01que, which C0l11ta.IJ1S extensive areas of Sand 

Reserve and the small Licuati Forest Reserve are tnr'l"l'llllll", prclte<:te<1. Neither are .. t't'."l'h,,, .. ; 

conserved or mana~:ed, and and human settlement are 

pers. comm.; Siebert el al. an ill-conceived harbour scheme on the southern VVt.UY,'" of 

poses a 

continuous trans frontier reserve 

threat to that reserve and threatens to derail 

the KZNNCS reserve network and National 

Park African National in South Africa to areas of southern M()Zamtllqlle 

At the time this was initiated in very little was known about Sand Forest 

"'VV"'UVlil. variation or floristic affinities Structural were based 

on casual nnl~pl"1l1lln ""'''''!;'U''vu of processes was limited to 

two studies ntel!1)f1~talion of size-class data from a limited range of sites 

'-' ........... , 3. Everard et al. "'''''''!;'''' el al. 

The was therefore to survey the floristic variation in the South African range 

of Sand while attc~ml>tll1lg to as much infornlation on 

at the same time. In the initial " .... ,'VUUJl',. I censused a 

range of forest to basal area and 

and diameter size-class ." .... v.", for all tree 

was aware of the apl)arent absence of .. ".apn~·,.,.rll'n 

processes as ml"1,nrl'<lnt forest 

number of 400 in a 

floristic an~llv~:eli:, but values 

,-U"IJ'"'''' 2 & I 

:ijX::o.;U:;I>, u;o.;U.lIUUj,,!;; the canopy 

,-,v ... m""""" from casual and documented in P''''''''''''''';' Everard et al. 

from the 

continuous 

was im.,,,rI',,nt and warranted 

et al. The more obvious 1Iul"" ... .., .... ,"' ... ''''''' in conserved 

tOr1mallOn of a visible browse line to 

... 'u."".u"'. SU2:2es.teC1 that the role of ant(~lo,)C h,~ .. hiiv"'r"II 

Y"~'U,!;"U'JU. Fm"th .. ,rtnlnl"P "''''''V''!;,, it is often assumed that 

.u .. ~ ... ,_'" of forests \ .............. ]' Oliveira-Filho et aI. which are 

in the internal 

short and 

open. I knew that even in the OtM~n-'Carloplea em/tro,nment of savanna. tree succession can be mediated 

7 
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shade-tolerance and intolerance 

m(lilcalea that the survival and of 

INTRODUcnON 

& Goodman Yeaton and recent had 

trees could be 

as for most forests WC1lrlll-Wlllle. I that 

openness 

del~e~ of canopy 

openness would be in the internal vn~lmi,r'~ of these not nec:es:sariil~ in the 

context of the traditional l!:a[)/mm-llZao dic:holtorrly. I therefore included measures of h,.,,,,,.,;n,,, on 

trees and canopy openness for all trees in sanlplc~ 4& 

my ap[)rOllCh to forest trees, rather than traditional 

!:lInnnll'!: in extremes of canopy and lJiUilll~"CU that of LiebemlaD et al. 

and Lieberman et al. which I must "Vl .. ,",O"", that I was not aware of at the time. In 

order to obtain the above 

ensure that the broad range of 

at each to 

and COlDP()sition was with the 

actual 1JU~'lUI.1I1 nm(lOmlY chosen at a local scale to avoid sul)jec~ti,,'e bias in the actual measures. 

Thus I consider my data on structural measures, SI2)e-a,lStli1Dl~n(IOS. measures of environment and 

levels of to be at a whole forest scale. 

The first that two Sand Forest were 

and cOl1npositic)nall~ iUl~,i;1IU'JlIlj to be the 

eccIlO~!Y of these onc:thC:less, where IJvO",. .... ., further VC;~iUll.UWJn:s have been reol1cfltea in at 

least two to three sites to encompass the range of variation in these forests. The of this 

therefore consisted of and work to COIDPl.ement 

structure and environments and collected. The aOI[)arent absence of 

in these forests in 

concentrated on ........ "An.;ol 

research and conservation issue in these 

from those in the 

and I 

water-

to those that could be different mana~~errlent 

From an acadeDlic this thesis is I do not aO()lOI!lSe for and 

consider it a necessary "' .... ~ .. "'~" unstudied forest of tremendous conservation 

the eX1trelrneliv IiDlited resources available to me. The work in 2 

has inform conservation in the !)UtIlC~:.IUIi 

and I have in issues for further research. 

South MClOo:!:traphs of British CIlIIUIlC Ve.getwclO. 

British 

pers. comm. Endarlgered """""""- Trust Conservation Officer seconcied to IVULUUllO 

Reserve. 

M.N. & K.H. Studies on the ~~ •• ..", y Rhodes 

Press and the Natal Branch of the of Southern Africa. 

8 
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I use multivariate and to assess both the 

14U'~IIC;~:> of the of Forest in relation to a range of other forest 

and the range of Two 

Forest ~lIn,tvn,e~ and related Ecotonal Forests are under the tenn 

distinct all moist evergreen forests in 

in north-eastern the 

presence of the canopy "'VI.'"'''''''''' Cle~istlzntjJzus SClllleC'hte'rJ as well as tivl-nel20Cj2rdla 

Dseuao'oul,chellus and 

Forests fonn a ,:om,..,,,,,,.., group in both DCA and TWINSPAN 

cornp()Sltlon of and basal 

canopy 

similar 

Newtonia hill'ieh.randtii at the 

similar across the 

that ecological tunCtJ()DU12 is 

range in north-eastern KwaZulu-Natal. 

turnover of between ,,,,",'ul5'm .... u.,, Sand Forest em~lhasises the 

to conserve the full range of extant forests. 

Newtonia 

TWINSPAN 

Forest is a C01ISPIICUClUS feature of the MSlpultalfma coastal & White 

Moll until ....... , ...... ,'" i""U""""'U a'escnptlOl1S 

Moll Moll & White De Moor et Goodman 

Most of the older accounts are and tend to feature the canopy 

em,erg4ents such as Newtonia hill'iphrandtii and maUJlllanm which are often with 

other vel~etlltio'n and still confusion 

the definition of Sand Forest and which ~nl~~~~mhv~andchancteristic 

Moll & White 1978 Kirkwood & 1999 Kirkwood & 

1999 cited van 

It is also unclear how Forest is related to other Moll 

Forest as one of thirteen or fifteen in l'naVUI.AJilUU. Moll & White 

in a Ocean Coastal Belt (a floristic zone from south of 

.... V'"a'IC. to the Forest in the On!~al~ma··ro,na'llalla ..... "!'>'iVUI:U Mosaic with four 

13 
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THE FLORISTICS OF SAND FOREST IN "'-." AL.U 

other et al. (I 

emlPh8islsies the " ...... ,,. .. ,.·tin ... 

this and that 

flora into the 

White which 

the 

.,."',,,.u .... , Mosaic which m .... ,' ...... ';;;1ili Forest. MacDevette et al. m a 

the K\I\fSZulul·Nliltal I .. U.!;"'''U.llili group an Eastern and Western 

Forest Their main Sand Forest 

division 

above. 

under the title 

Coastal Forests Interior Forests in a similar manner to the treatments d~;cn!bed 

evergreen forests (includiI1lj;( evergreen 

Forest 

... h«,mh« ...... '''I''.v ..... IV1Ulliliiil'o.;. which would seem to 

Before the ~UlIUI.i,tlL1lJU 

for ,. .... r""" ....... "t·.nn "''''''''''5, or for the 

Africa as 

moist 

list a of 

Forests in the Zanzibar· 

there was little infc)flnaticln 

for IUi:lIUI!!;I;UJII;IU 

and research into the of little known forest This deSiCn1Pt!Cln is mnlnrt.ant in 

.. "' .... ..t, ..... ·i ... "" the conservation worthiness of the forest as a whole and how well the range of 

floristic variation is conserved. In it serves as a for work. 

African 

Forest in terms of its 

Forest 

Data COllecltton 

tt .. t, .. ...."" ..... how 

were on two data a 

was combined with a .... "''' ..... ,,, NOrtll·ealStelm 

Sand Forest in northern 

Forests of 

and to describe any variation 

to define Sand 

the Sand 

Forest' data "iJlIUI~I~;U SI)eClltlcallv for this 

... nTnn~ln'''·m'' among a 

range of forest was confined to vej"!:etaltion for a number of reasons. Non· 

-.... -.. ----J variable in and a 

short term program could not adc:quately assess this From a 

my aim was to trees that most the forest emrlro:nmlent. 

In Forest the norl-WlooCllv CIDmlPorlent is sparse and contributes little to total biomass. 

trees, shrubs and Hanes are to find and than grasses and and I 

be tonorl·~I~i:ali~~. 

'Sand Forest' Data Set 

Forests "'lUWWI'" on or near soils in lYl~I~U"'I.U!U (ex.clu:dirlg dune .v."''''~'''' were liliiJllU'",,;U to 

repl~esent all the "u-. ....... .... 

14 

Moll & 

sites include the lU-I'IoIaLI'lI Nature 

De Moor et al. Moll 

.n ........... '''''', ... ''' et al. and vu, ........ " .... 

~n ... " .... moti"... :-.; .... Vll'.·!: reserves; False 
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Mkuzi Ndumu Game Reserve and Sileza Forest the 

owned Phinda Resource Reserve (Ilerea;lter referred to as False 

Ndumu and Phinda areas will be referred to 

the same 

unl:>rotec'ted forests are 

forest 

At each areas of forest 

1VI"lol,,·v et al. 

Protected areas were n .... ·t ........ iI survey as 

sand " ......... ' ... 6 the rec'ogrlHllJn and aeIIDI110n 

COIDrrlunltlf:S, >5 m, MacDevette et al. 

""LllveIV to renre~,p.nt the range of variation in structure and 

.. .. "'II .... '" were ran.dmnly lU,",IUI::IU, with the that be cornpclsitllon. Within 

at least 50 m from any ... ___ ._._ and the forest The number of ""0' .... ...,'.,' located at each 

sU[lIec:t1veIV determined. Sarnpling was halted when 

was AU"I.jIJIAtIJ reD'res:enlted. Due to the and nature of 

which is further oml .. nlt .. rI outside of areas, a more structured was corlsidlere:d 

.., .... "",,.'" consisted of circular 400 size forest communities 

curve within a reoresl~nts the of mtllectlon of a "1./<'"1<;''' 

Ilorno~~en'ous area of D. Kirkwood and is cornO!ltible with 

saUrlplI:s collected other wo:rkelrs in the values in each are total 

diameter at calculated from the sum of area at breast of all individuals. 

DBH of all individuals taller than 2 m, rooted within the was measured. of trees 

shorter than 2 m was converted to an of diameter from a linear reg;reslsio,n of 

<2 

follow 

vs. D BH all trees 2 and 3 m 

lianes and creepers were an l'Irr,itr:lII"V total DBH of 2 cm. Tree 

where have been Van & Van 

names 

North-eastern WU£UlU-I'VUl,7l Data Set 

I used from circular 400 in a range of north-eastern KwaZulu-Natal forests 

'-'''<lU''''. I). Sites were chosen to Coastal and Inland Forest Mac Devette et 

al. and Sodwana from the coastal dune cordon and 

correspoIla to Undifferentiated Coastal Forest MacDevette et al. 

}nd.itli~relltialted Lowland Forest sensu Moll & White or Coastal Forest sensu & 

McKenzie van D.R. D. Everard and I. Coast 

MacDevette et al. LeI)OnlDo Forest sensu Moll """UIJI.,"U in 

1996 around Game Reserve 't"'~""'"'''' A . D. Kirkwood & I.J. 

.. p.nlrp.~fmt~ the Inland Forests. 

These """,11 .... '" from coastal and inland were with the 135 "I"a.wi:llO> SBlIllp,Jea for this 

as wide a range as of 'Sand Forest' and related in This includes 

16 nm~lrI .... t" s~lIllj:J'led in Hell's south False Park Kirkwood an area 

15 
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THE FLORISTICS OF SAND FOREST IN 

the S. A. " .. ,,, .. ,, ... Defence Force. The Hell's Gate ." .... ,' ....... ". in the 

U;;l'!t''''U''' data set as the forest was Substarltiall) diitIelrent tlol1.Stl.cally 

In this abundance values were to of _y"_. __ ' and small 

liane and creeper were in order to overcome While 

this the content of the it allows the of results from of the 

'Sand Forest' data subset to be assessed. 

Multivariate _ ..... 1~.u 

This clwssltlcaltion and definition of forest 

indirect a .. "n, .. ,nf 

as well as the ...... , .... " ......... " 

and conrpiemen,tary tectIDlqlues 

Indicator Splecjl~s 

Detrended COlrres;polllde:nce 

multivariate tecnDllQUles were 

in the pac:ka!~e >u·.-u,'IJ' .... v 

the two data sets. 

For all TWINSPAN > ... ",u." .... :. defaults were 10 mou;ator 

were obtained 

Kent & Coker 

the 

per un."",.. and a 

minimum group size for """"""'" 'f ' .. ".......... Three of nlll'I!lI()n were $InenlllllT .. to seo,wrate 

the data set into groups corlSlslnng of qUlldnlts of 

division resulted in used for the CIa:sSltlcaltlon of the Sand Forest 

which has a 'Se1.:l00:spelcaes cut levels the Sand Forest 

were set at 0, 10, 20 and 40 cm total DBH. 

reg:lon,al data set all "i ......... ",..., pr~:seIlce'aDI;en<ce abundance values 

were used. For the Forest 

the These were found to be _ .. ft"'_'~ 

1J ... ".n,,, in Tembe and Mkuzi and were thus elirnin,ate:d 

of Sand Forest and related is on TWINSPAN 

Forest data sets. 

groups of 

which is based on a ....... in ... n ... l'I ave:ra2lnll "Ia,l'llit'hrn suc:ces;slVeIY 

the differential presence or aDs:em;e of 

The program lOerltlIleS indic:ator for each riivi!linn' --I~na.rac:[en 

Kent & Coker 

!In .. : ... I ... :'" are those 

which " ..... "", ........ )' one of the two groups 

Sanl1pll~s in one 

""' •.• .1'''", under COI1SIclenlti 

in the DCA of the region:al data set. t;;:;m,il" .. lv ....... ..,"5 .. Gate 

Forests were not all other Sand were used in the 

DCA of the 'Sand Forest' data set. Two sep,an!lC DCA of the 'Sand Forest' data set 

were pertbrmeo. The first uses al>lmdlan(~e values of total DBH. The uses 

ore:serlCeJ'al>!lenICe values to the mt.lueJrlce 

16 
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Chapter 2 

Damina~ce 

In ord<r 10 evaIu.le lhe relative inn""nce of dominant , pede. 00 the grooping of Sand ForeO! quadrat< 

by the DCA, d()mi""nc~ diverSity cur;'e' "ere con'tmcted for the six siles sampled, Importa,,« val"'" 

for these CUTV.' were c.lculated as {he average of a species' relative dominance valli< {' pecie, Lot.1 

D13Jl1locality (OIol [)8H) on,l it" rciati,'e dcnsity (no, planl<J{<>ta1 nO_ plan{,) ovtT all quadrat, samplffi 

in.n 1If •• , excludin~ Iho," ,hown to he oudi= m the DCA <>rdination" Quadra{, sampled from Ule 

some orca aTO gr<>uped together by all aMlyses with vet)' few exc<ptions, indicating thO! f"",s{, are 

locally unifarm, and ,ites c.n he u,ed a, naruml unit" 

RESULTS 

A}fin't"_' 

The fl.-..c cwo ordln,tion "x", of tho detTcndcd corrc,pondence analy,is of the n<>rlh_eas{ern KwaZulu­

Natal f<>rest, (Figure I) rcvc.! thot the majority of 'Sand Fore,!' quadrm, are more widely soporated 

from Coa,tal For.,t typ'" in Maputaland (Map~IMe. Sodwana and Dukuduku), than these Co""",l 

Forest type, are from an Inland For~sr type rep,esonred by tho Hluhluwe Gam. Rcserve loc.lity, Mo't 

oftne quadr.t, ""mpl<d to represem 'Sand F",c'l!' type' form. tight groop. QUddrat' sampled at He]]", 

Gate forest on,l some 'Sand F<>re'!' quadtats al"< oow. v.r not c\o""ly allie,l \0 the other Sand I'a""t 

..ampi<" and although di,tinct, are no! widely separated from tho Undiff. r.ntia{ed Co"'t,l Foresl' of 

Duklldllkll, 

, 

0 , , 
0 • 
• 1 , 
" , , , 
" • " • • , 
~ 

" • • -"'to, .. " .' " " , " , , , 
"""" 

, , , , , 
0 • " 0 

o , 
" , 0>i ... 11'-
, , 

o "' "' 
, , 

"' ", ,.' • , , , 
0 

0 , 
DC"'''''';51 (ejgenv~ lue: 0,79) 

Fl2ur. 1. Detrend.d corrc,ponden<:c analy.i, ordination of qu"dmts from" range of IlOrth-• .,tcm 
Kw.Zulu-Na",l fore't', S 'Sand Forest' type"; HG H.ll', Gale; D Dukudu~u Forest, DS SodwaJla 
Dune Fore'l; DM Map<lan. Dun. Forc'{; HL fare't MOund Hluhluw. Hilltop Camp, 
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THE fLOIUSTICS Of S""lD FOREST II< Kw "ZULt;-",,~nL 

[100 TW[ ~'SPA N cI."ific.{ion of {h" ,ame data ,e{ (Figure 2) e'Illph .. ;.co {ho SCpor.tKln (If .. mpi .. of 

'S~nJ Forc!l' .nd if •• 1Iie, from those ofthc rooi.t ovoq::rccn Cu •• t.l .nd tnte"'(l' F(>r",,' in tl'" first 

division ("ig""valu", 0,749), 

W~.tem Eastem 
Sand Forest S:>nd Fore, t 

F ... Boy F ... Ba, _. Go<. soo-. MopeIon. [)uk"""," 

_ _"".) too""""" ,---
, 

~~. 
Scarp Forest 

I 

Fig_" 2, TW1NSPAN da"ific.tion of tho llOrth-easlem KwaZul"·N~t.1 data sol For clarity, final 
group' or" p<osentc'(\ 0<11y a' loe.lity n.m"" os quadrat. from tho same loc.hty aro oun.i,tontly 
~ro"ped tog.ther (only 7 e~c.plion' from 234 quadmj, ). 

Classification 

In clossifymg (he Sand Furest t)'P'" T follow tho lenninology of MooDevo!!e el ai, (1989), who," group 

n.mc., ore ,on,ible and oa;ily remember. d, Howe'yor, it i, impxl.nt IU 11\1l0 th~l the group, are 

,"bSLanlia!ly roodified and many of my ch.,octc,i$lic and r<pr<,ent~tive <peeie, dilfe, from thoi". A 

,ummary of the group' dcsoribod t..low .nd lhel' ,!,"cic,< is pre,entod in Appendix 2, 

TWlt\SPAN ,naly,e, of the ,egiona! da(ll ,.t (Figu," 2) lIlld the Sand Foro't dota ,e\ (Figu" 3) 

produce coog",. nt d."ir.calion<. Chamctoristk and prefe,ential 'I"ci • • h",od (In divi<wn' ! and 2 of 

lbe r<giona! analy,i, fIIld diyi,ion. 2, 3 and 4 (If the S.nd Fore't .naly<i, a,e prosented in thi! 

c I.",; fLOllli(ln. 
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Ndumu (7) Mkuzi 
False 

Ndumu 

area 

Tembe 

3. TWINSP AN clasisltlc~atlC)n 
in a 

IOOICa'[e that one I.IW~U"'" 

that the term 

forests. 

Forest' be 

these 

..... ',.Vl"' ......... , similar to other 

This forest the presence 

Characteristic tree 

nymenoi~al'ala ulmoides 

natalilia 

Newlonia hildebrandtii 

Tembe Sileza 

tlll!.rlr1tf(l from 
names. Lowercase 

in to encompass both Forest 

sut)trc'pic~al. it seems 

Forests in Africa . 

tree "1''' ........ ". 

Cola <711'< ....... "n'" 

nV,C}el·aCI'lnt./'lUS amoenus 

,UnIUTieLU,m mkuzense 

ult,uum schlechter; 

Grewia mi,"rnthvr<:11 

7',..;,~n"J"in lanceolala 

that are 

a small range of KwaZulu-Natal 

is used for Cnlrnl"l:[lri~:nn here. While the tree Forest at this 

19 
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THE FLORISTICS OF IN KwAZuLU-NATAL 

level of are rep,resentatnre may not used in l'nrnn",n forests 

not .""'t ..... ,, ... 

into two Forest and Ecotonal 

ECOTONAL .. \.11',,",-,"" 

These 

soils. 

to 

Park on 

this group, as do -, __ .. _____ on grey sands the Hell's Gate area. Due to the 

For further 

subset of 

that a 

20 

I will not define 

IIrll,l'h'lrid'll'! tree SDe~Cles: 

,""'"rn.""" usambarensis l.;n,l'lel;rlCn:me aristata 

Manilkara concolor 

results of the TWINSPAN ~_n'''_'_ 

as well as abundance values 

name is UUl,U • .,;;U 

the 

or pre:terent:ia a group is abundant 

group. 

Forest data subset are 

are rec4)rdc~d in 

..... ""'un.. the lncreasea inf<>rmatioln content of 

this denotes 

or very 

the 

Forest sanilplc:s with the divisions 

the ....... nn' .. set 
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Forest can be ~n"'l'h~",i •• d'I two Western and Eastern Forest (eillenlvallue: 

0.2 

Western Sand Forest 

This is reo:res(mte:d the Forests from Mkuzi and Ndumu Game Reserves. 

Prel:erelltial tree spec:ies: 

Croton """~ti""i .. ~,,,· 

.'nnlhr,."I'lJm mkuzense'" 

zimmennanii 

Croton 

Gardenia corn uta 

liane and creeper 

Grewia 

I Forest fonn, known locally as umHlalakolotshe. 

I Combre/um cf. celas/roides, an unidentified but common climber in these forests. 

Eastern Sand Forest 

Eastern Sand Forest IUI,;IIU"'~;::Ithe l)i1U'IJI~;l) from False It is 

that the consist trees. Mature Eastern Sand Forest 

are "VI'"'''''' taller than Western even where canopy UUIIUUIi1Uto:I are loe:nncal 

structural to 

Balanites mQ!UR',flal'1'Ul 

Cola .......... "' .. ""n,,1 

Dialium schlechteri 

Grewia mit'l'n,flml".<:n 

f:fVlrJer~Cj2ntl"us amoenus 

Manilkara discolor 

21 
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The third level of 

THE FLORISTICS OF SAND FOREST IN 

arborea 

O. m;uu,u&U 

,'\Ul"erlI2aa zanzibariensis 

Acacia kraussiana 

LJlJ.ltOf!/"!!'lt.I obovata 

LUI'IUVIUTlU" kirkii 

~VllaOltoIE!Ots kirkii. 

in the TWINSPAN classification of the Sand Forest data set 

the Western and the Sand 

Forest into groups of turnover between geC)grllpnICaJII} "',"WI au;; sites. 

"IUt ...... , ... from Phinda and those on soil at False are In the fourth and 

final level of riivi,,;,," 

and the "'k","n' 

it is notable that both the Mkuzi Sand 

are ",,"o'-'nll'-',''-' into groups chllrac~tel:lse:(l 

the presence or absence of Newtonia hilttebl-an.1,tii. Localised stands this tree, a 

are a of these forests Moll & White 

In a DCA _ • .., ......... of the same Sand Forest data subset with 

total diameter at breast 

"''''''1.1'''''' from False 

a range of two 

nnll,ctNlt" are not sep'arated into the groups aeSicnloea 

Tembe and Ndumu are lUOUpt:a tOigetlller, 

DCA unit or average standard 11P."I:IItlon of 

of 

turnover is to a 50% in of sanlplC:S, Gauch 

22 
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3 

+ False 
Mkuzi A-

A-

Phinda 
A-

u Tembe A-
2 Sileza + A-

0 
Qj A- + 
:::I CI Ndumo .. + + .. 
1 .f c:: + + Q) + CI + + ° :! 0 

N + + CI", o 0 
II) CI 
~ + CI,,,+ 

t'i + °CID 

0 + .. ' 0 

+ + 0 

0 .. 
0 2 3 4 5 

DCA Axis 1 

111".fI ... ,,, from Ecotonal Forest on at sanlplc~ are 

from the main group. when values are reduced to 

the DCA ordination in an Ide:ntlcal 

manner to the level of the TWINSPAN Clw;sltlcal:lon 3. This result ,."nt',...,,,,, 

the of the In this classification of 

sanlJ)u:a areas indicated that I have adc:Qu.atelly covered the range of Forest in 

+ False 

j 0 Mkuze 
() Phinda ,. 
i- 0 Tembe 

Z A- Sileza [J 

(j.) 
[J Ndumu 

+ 

0 

Smd 
presence or "'U~,I;;!1\,'"' 
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THE FLORlSTICS OF SAND FOREST IN 

nAr$lJlt,n of Forest !llIl1,-rvnes in the DCA v .... ; ... ~ ... presented in 

the influence of d01nil1lant llIV~;"'";''' IUUJ'''''''~'' that within the Sand Forest 

but there is llI'l!!I"U",",wu turnover of the less common 

DomiI18l1ice··dhlren:ity curves at each that 

SCflllec'me'n and Newtonia hilli~hi,.nndtii 

between the .m,,,,,, .. f<. of the one or two most uv ...... "" ... 

at most sites. 

s from ICU'''''U'!!> 

between 

"""',,,,,,,'- Note the 

and the other 

100.00....----------------------------, 

10.00 

1.00 

0.10 
Sileza 

Mkuzi 

0.01~-----------------------------------------~ 

6. Dominance curves of Sand Forests at llI"'lll'l~;U 
curves were as the average ofa relative dOlnil1lanc~e ,~' ... ~ .. _w 

and its relative 
exc:luamg those shown to be outliers in 

"'''''''I'm ", .. nil ....... Western and Eastern Sand Forest is ... ,,,ht1 •• 1'1 

that the most natural ..... " ..... ' ... '" of forests is into three groups: the 

it seems 

Selllar8lted from 

all other sanlJ)h~s on the first and third DCA axes in 5, and the PhindalFalse 

from the Tembe/Sileza on the second axis. These groups may a soil 

from the oldest red sands of Western MlruzilNdumu orange to sands 

of Sand Forests at Phinda and to the to white sands of 

and .... "'v .. ~:, .. the Western Sand Forests do receive 

Forests. The sanlph~s at an isolated forest "',..",,, .......... 

the Eastern Sand 

.... .,",.,.".n'''' ... white sands and Qn ...... ",nrl,·rI 

tlvl'Jhaene natalensis Palm altl1loul~h included in Eastern Sand are from other 

Sand Forests all DCAs and should not be considered 

A table of the Sand Forest data set is nrp.!lp.nltp.d in AppencUx 1 with a I'nrnnlp.y" 

list for all the localities sanlJ)le:<l. Inrlnl1,rUlllrlCp. value classes in the table matrix .... ",,,..Q: .. nt total 

24 
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stem UIi:IlIUI;~1;1 at breast a 1 ==0-2.5 cm 2= cm 3= cm 

4=20-40 cm 5 = >40 cm DBH . 

... " .......... ,. Sand Forest and Ecotonal is 

eml)ha!!iziflg the " .. "~ .. ,,jrinn all evergreen rather than the more 

Forest and related 

Coastal Forests MacDevette et al. In 

,,,,,,.th"rn,mn,,,t distribution a East 

are dOlnlDlant or common across the entire range 

coastal 

Table 

with more mesic 

Sand Forest reDresc~nts the 

:;~";t;lll::::;. many which 

....... "TI, .. " as dominant or common in eastern African Coastal 
Forest 

Albizia Detersiana. Craibia 

Hv,menoc~arata UinWI,tes. Manilkara atscO/'or. rn~le(1pSlS l7I!lIrlll1nHU. 

Common 

Ficus 

In the sanlple:Q range Forests in Kv~a2:uhJ-l'lat:11. Forest SanrlplC~S a natural 

and cohesive group. with most sites dOlnililate:d a similar range 

,u";'lipr'hlp'I"i and Newtonia nH"l""rU,Vl",'II Forest is however characterised the presence 

rtE~le()pSIS 11Ilvrl:unua and .t1arPlc.lco,elum lltllll!1nS'e. 

In the most " ......... n.· .. h, • ., 

classified the mOlgenotJS KwaZulu-Natal 

to Mac Devette et 

from 105 

'-'Ie'#,)'IIJfW'Il#Ssclillec'lJte'ri, are cla:SSUlOO as a 

Forests with ""~'II>'ln,~,l~ ffl'vr",,,,,,,,, ,,\llArpUnlln zc:m2:iixlriE!ns,js il!fOnoac'Jra 

Salada leD'lOc'laara and pse'udc.lpul'che'llus as Drefenmti:al 

into Western and Eastern Sand Forests. Western Forests include further 

Ganrte Mkuzi Game Relilerve. Park and the area now included in 

Forests are 

in Ndumu 

Resource 

Reserve and have DnlCllYIU,I::TlU huillel'lSe, ,",14''''''''14 TI,UUlI":TI,)'#,)'. Newtonia I'lIl,al!llrUIP'lUlli. 

natalensis and as 

Eastern Forests \tVA, .. n e,"''''' Sileza Forest and forests in and Sodwana 
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THE FLORISTICS OF SAND FOREST IN KWAZULU-NATAL 

State are said to occur from 

racemosa. Tarenna .~ul,,.n.-nrilllJf"i.<: 

'NlITI .. ,vn,·1C for ... nrnn~ln 

MacDevette et al. 

my groups do 

nrlllY,. ..... (/,imi,rtiaita as Dr~:fel'ential "'II .... "' ....... . 

"'IJUV"~' discrilmillatllon at fine scales is .... " ...... ,,,. 

Dre:sence/a,bse:nce of 

L1.V .• UIl'.'" Sand Forest into cOtlVement Western and Eastern 

The "'v ........... tree across the range Forests suggests that 

forests can be as tul1lctt,omlll 

eCC)iOj~lCl:U research and 

uniform. This is ;rn.,,,rj·,, .. t __ ." ___ 'R._ the 

!Sill:nificalrlt turnover 

of does occur hn'w"'I1"" and are con:lmc~a to these 

conservation van Matthews et al. & a wide range of 

">I.-un,on is crucial. Forest in South 

Africa are ... " ...... "'th' ret:lre!lented in conserved areas. Forests in Mkuzi Game Reserves 

the Western Sand while in False Resource Reserve 

Sand Forest. 

this 

seems ..,' ...... "n .. ' 

than 10 

Tembe Park and SiIeza Forest Reserve reDresent the more Eastern 

an assessment of the "''''''''''''''0'.' status 

For "''' ..... , .. ' ... Mkuzi and Ndumu Game Reserves togemc~r lilly..,' ...... 

the scope of 

conserved 

no more 

De Moor et al. Sand in a few small 

recent attention on the the 

Forest & is to result in a reassessment 

Forest conservation in the near 

tsuf£[ess. N.D. & '"'v,""." .. Forests 

De J. 1977. The ve~,etaltion of 

It ... , .. "" .. Natal: a "nt' •• ", •• " .. Pm'SIC'~IDmIIC survey. Annals Natal Museum 23:239-272. 

H.G. 1982. 

1990. vegetaitton and ner'l:/lv,ore relations in Mkuzi Game Rp''' ..... '". Natal. 
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Two-way ordered table of Tropical Dry Forest releves in Maputaland. KwaZulu-Natal 

:2 :I 

:I 
1 

4443222 

11 

!22~~~2 ~'22.1i ~ :I 
4343325341333444444 .. 
555555555545555555545 
1. 1 1 1 1 1 1 1 1 . I 1 1 1 1 1 
432223 1121133 
23234. 11 :2 11 
. 1 I . 1 1. 1 1 1 2 1 1 
3 .. 22.2 1 1 1222 
2 33332 .3 3 3 .. 32 
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THE FLORISTICS OF SAND FOREST IN 

APpellldiJ 2. sul:Jltvoes in 
Africa. Lianes and creepers are UUllllJ<:I,LCU 

Forest 

Forest tn",.",n"",'''' hr}lplera~C(JI2thl&lS amoenus. 

'", ... h",otum nikuzelilSe. Dialium ",.~tlo","t",..; 

Newtonia hil,del'ra,ndl~ii 

Ecotonal Forest 

JJr\ln~1t"',~ nalta/~!nslis. Jl.1al'llUitara concolor • 

Sand Forest C1E~istj,mt,"us schlechteri 

amboniensis 
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Western Forest Croton rtr£lti5~sin~us 

cornuta, Rhus XU!,"" ...... :...,...,~ ... ,J;H().\' SDlI1USI'J.l 

Grewia 

Eastern o Balanites ma'ug,/Ja~ntl, Cola rtreemvavi 

Dialium sclillec~hte'ri L'UYYtlllS 

1a5'ta1Ithl'.lm. Grewia mil·r()lfhvr.li.'a 

amoenus, LeJ,talr:tiTila dlf!laJ~oe:nsts. 

UTlIUT"' .... O. 

;)"YTIlapifOleplS kirkii 
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THE FLORISTICS OF SAND FOREST IN KwAZuLU-NATAL 
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forest structure and at three sites of the range of 

South African Sand Forest. Forests were short and open, from 7 to 11 m in 

with canopy 21 % of total area. Smlll"tilINII 

features indicated that these were ru"_ .... nUl.n forests and had not been 

scale disturbance for a considerable time. was prc:~domiltlarltl}' from in 

and root and res:pr()utiID2 were 

forest recovery 27 months after larll!:e-:scale 

disturbance caused fire was prilmwrily """ ........ , ........ " and root of a common 

subset of OIO-Q'110w:m l)IJ~"'l~l). nc'.;l .. l ..... i~ ... from seed in the OOS[-Illre environment was 

lOcm of the 

canopy ... VI"' ......... Cleistanthus to have died in the one 

a measure of annual 1.0 % of a 

Dot)ullltion. This is a normal value for forests. Most trees died and 

canopy were with gaps less than 6 m in diameter the of 

gap area. Juveniles of most were located near COllspecl:rlC adults more 

often than would be if that 

continuous in situ rather than ,,,,,,_nnl'lCI'" rc~genel~ation. prc::aomllla[C~S in these 

forests. Conservation of Sand Forest 

increase rates of gap fnr ....... ,tinn such as would be caused 

any 

and C.M;UUJo;;; fire in 

order to maintain forest structure and cOlnpc)sil:ion evidence from size 

distritlutllons indicates that low densities of l)"""UUI:lJO;l) and of 

many 

forconcem. 

are a result of UUJ,Ul"UC and may be cause 

'''''''''-''''''''''''''''. "1.1'. " ........ "", structure 

undc:rstood l.l\liurplhY & Moonf:v et al. forest Kt" ... ,n",.." are 

WU.1U~I~U structure is often UICli:cnIDCU Sand Forest is 

its local conservation in ... v;lI1c!>nl· ... """ .. ,,,...... 1) 

and the ......... ,nri<>nr... of 

have been in two et al. l"U'U:~"'y et aL structural 

t1 .... ~l'Inhc)n is confined to one and until ,. .. " ..... tll" the few 

rI .. ,,...rintic)n,, of the floristics were cursory and confused \ '-'ll"JJ'...,l 
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SAND FOREST STRUCTURE AND DYNAMICS 

An of forest 11\l1'lInu ... ~ is ""'l!o'''''U,A' for effective .u ..... "'!!!, .... ", ...... and ... nrli: ... 'VlUlnn 

that affects the or of COrnD(ment is 

COl1rlP(Jlsition, structure and IUfiicuon. The nature and U"'~""''''''Y of '1i"'t ..... 'lIn.· .. 

forest branch or tree is 

situ rPoaPol'U',nl et al. 

blowdowns of several trees, can "",.'U.Il,i>UI .. ., .. t of sllane-,mtl:>lelrant trees, 

of further shade-tolerant l!ojX:""lC;l!o, ._'-_., ...... 

different Brokaw & :scnlemler 

forests even be yv,;un.", ... "" 

of many hectares in extent in order to reg;em:ralte 

can be 

y$ln1lnrlrl et al. 

(Jotlans'son & Kaarakka .....v." ... " ... et al. 

still in its In the absence of lonll-u:rm t1 .. "n" ...... 

Stewart & Rose 

1977 and see ..... U"'I.1~"l of 

processes is based 

modem 

on inte:rpl'eta,tiolls of tree size distributions 

van 

et al. It has been that an abundance of sut)caJrlO~)Y .u, ''''''''' .. ,,' of 

dorninatil1'g the forest canopy indiicatles that forests are to fine-scale aut1oge:nic disturbance 

events, and are shade-tolerant ca~)able of continuous recruitment in this 

environment sensu This 

of I-'I"'AU''''')' of saulUnllS 

aJrld the absence of any dlSljnctlve gap {Mlagll~Y et al. many South African 

EVI:raI~d et aI. nU'''6''-:J et al. appear to have a 

" ... " ....... 1", of "'''''''''."". C,lI.Pl,WII1UOlllS for low numbers of invoke 

reasons for lack of regene:ratllOn, from aeS:IeOClen(;e on some unspe<:it1c:d medium- to larlk[e-;scaJe 

disturbaJrlce that would allow recruitment 

van to increased levels of h"l'hivnrv 

l'Iil:''IP~1I1 UIUUJlamuul!o \'U',UJI'i,""JI et al. 

to adults suggests lack of 

.... ' .. 6 •• ' J et al. 

asslumpti()O that low numbers of 

I.1UIJ"l'~U~"lisnotl:lln,nnl~P;~ 

recent work. Condit et aL that in 216 tree Y" ....... 'uv,'''' 

number in SUtiCaJl0P'Y was more 

or ..... "''''.JI'i",,, in POI)Ul:atic)O and SenSlI>JlY cautioned i ... tf.,.". .... tir'''' size 

absence of derno~:ra~'hic information. 

The imTlnrl'$Int in many forests was also & 

Bond & 2001 aJrld references _OV'>V""I' Until now, the vast 

literature on forest Vn",11nU'i: tended to focus on studies are no 

MUIlZle:v & EVI~nu'd et al. 

<vu ... ",,,, .. et al. root suckers and reslPro,uts can grow faster than 
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Chapter 3 

"'''''' ...... ·.a''' and may suffer lower ... " ......... :1 

Ram6n & Fernandez-Palacios 

R~;prclUts can or 

turnover rates, ....... ""''' .... 5 the effects 

of disturbance and .... "" .......... 5 or "' ........ ''' ... 6 dl:::pe:ndl:::nc:e on seed & """ ....... " 

demonstrated that canopy was correlated with levels of recruitment from 

seed and correlated with multistemmedness in a range of South African 

Based on this nrn.nn'~ ... .t1 a continuum from tall forests dOlnilllate:d 

stemmed reseeders thn:>Ufl[h to short forests dominated multistemmed sproul:ers 

numbers of see:<1ulllgs relative to root suckers. In terms of this structural 

low 

of Sand 

such as low canopy and low relative to canopy indicate that 

forest would be dominated ................ "''''... from seed would be 

t" ..... " •• I1'" re!l:l"Imlllt U'.~"'b'.1 in response to human disturbance or fire 

Satlllpa:io et al. Miller & Kauffman but 

in many undisturbed forests reg;em:ration from seed appears to be more 

et al. Lieberman & Li Gerhardt Khurana & 

the relative and re}l:.enc:ration from seed in nll1,_arnulth forest has received 

little au"uuuu ..... ,.r'non'" in because undisturbed forests are uncommon & 

The broad aims of this are twofold: to 

on which to base further and :!I""';UUlU, 

to be affected forest mana~~errlent practlC:es. 

an overview of Forest structure and 

Y .. "",m_", that are 

que:sUC)Ds: How 

........ nri<> ... t is VC)~'"'''''IU the recruitment and pel'Sisltenlce of in""" ... ,," 

Sand Forest tree Do of and adults indicate 

continuous in situ recruitment forests 

aulloge:nic disturbance events? How do Sand Forest and the canopy \.Iv.,,,,,,,, 

Cleistanthus to disturbance such as fire? Is Sand Forest dominated 

with low numbers and if so, what are causes? 

Sand Forest structure and were vesitig.ated at three sites considered to the range of 

floristic variation in The Sand Forest at Mkuzi Game Reserve 

" .. ' ....... "1 re:pre:selllts the short and very Western Sand Forest while the forests at Phinda 

Resource Reserve and Tembe ""~'I-'''''''' Park the more mesic and 

more variable Eastern Sand Forest Cleistanthus schlechteri and Newtonia nU .. (lel)ranalrll 

dominate the Sand Forest canopy there is substantial turnover of sub-dominant 

tree "~'o,.;'''':!I. ..:I'W"I!'''''!; was confined to nlrl:-lI11f'1wth forested areas with very low 

direct human and thus restricted to conserved areas. 
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SAND STRUCTURE AND DYNAMICS 

Forest structure 

Structural and floristic data were obtmnc;:(l from a s!l1l1lPlil12 program 

diameters of trees taller than two metres and "'''''''' ...... ".):;'''. sapun~~s and adults were 

enumerated in 400 circular Sand Forest. of the three localities 

was done at different times of the year. is to have influenced the of small 

"""'''''''''15'' encountered. was done in December 1994 - 1995 at - June 

1995 at and June - at Tembe. At each areas of forest 

I,;UIIlU'UUILII;;". >5 In, MacDevette et al. were chosen to 

reOlresent the variation in structure and Within each of these areas, a was 

UUIUU'IIUJ lUl,;~Uv'l.1, with the that it was at least 50 m from any and the forest 

No restrictions were on to local canopy structure or openness. 

The number of sanlple:d at each was ""J. .... ",ti" .. I" determined and was halted 

cornpc)sltlon was rep:resemted. Due to the and when the variation in 

discontinuous nature of Sand which is further outside of areas, a more 

structured was " .... ,."' .... ' .... each from Mkuzi and Phinda and the 

20 from Tembe a area of 1.08 ha and 0.80 ha .... " ........ n 

CUlnr~~rellce of the main stems on each tree was measured at breast DifllIle:ter at breast 

for each tree was ..... " ... "' ....... from total stem area of all stems, stems were CYI.mOlnCIU. 

from the apex of the crown to the was measured for all trees shorter than two metres. 

of taller trees was with the aid of an the distance to the 

visible was measured from below with a and any additional was 

from a jJu............ where the tree crown was This deIlarture from the usual 

methods .. "",n.I""'''''' ....... "" ...... ",.. & Thomsen was necessary as most this work was 

carried out person in unc1er:storey VeJi~eUltlOln dense to obscure the trunk of the 

measured tree from a few metres In these short forests this method to be and 

!.I." .... ", .... estimates were within 1 m of measured below 10 m and within 2 m above 

10m for a of 30 trees at Phinda. The number of main stems at breast and the 

of was noted. openness above every was noted as full if 

there was no overhead cover within a cone 45° above the apex of the tree. The numbers of 

diameter of the two canopy dOlrunlants. C. schlechteri and N. hil,rJeb'raJ'l.dtifi. in the sanlplC:d 

qU2taraits were aUi~mcmk:d with measurements of trees from 100 randornly 

Mkuzi and Phinda. 

2 x 50 m transects at 

,-au",,, gap diameters and the n ...... lnnrl~inn of forest area made up of canopy gaps was assessed 

ran.QOlnty sited 100 m line transects results for in December of the middle 

of the summer rainfall were as holes in the forest canopy exliending 

to within 2 m of the with a minimum diameter of 0.2 m. n .............. .1 

located gaps of various sizes were at Phinda and Mkuzi in order to the distribution 
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of Sand Forest tree with to canopy openness features 

and causes fonnation for these SaIJIlDH~S are here. 

in Sand Forest trees 

In order to to what extent dominaIJt tree new individuals {rp.,r1'1,it,,' 

rather than the establislunent of true I excavated 

individuals shorter than 30 cm in at sites across the South African range of Sand 

Forest. Since recruits of most of these are rare and excavation results in 

was done where recruits were and was not extensive or sys.teInaltic. No more 

than one recruit of any was excavated in any localised with cOilsplec:ltlc 

at least 50 m. 

The of dominant to was detennined from observations of response to natural 

and mechanical failure of and human ualna~;e 1'''~v+i~,,,I~vl,, 

1'1, .. ·,,"" ....... 0 of inside and outside of conserved areas. I broad classifications 

from numerous observations of ... ''' .. '''1, .... 

is considered se]:lanltelly 

ages, "",,,'pnlrv and localities. h! ""nnn,,,' to fire 

Tree mnrra,lllV 

I estimated LU __ " ",,",.7 ""IJ'lU'''llll~ rates for C. ."S,ID,-hlo .. ' the canopy dominant 

from the number of dead trees encountered program described above. 

Trees were considered to have died within a one year if still retained dead or 

fme tenninal 2 mm These criteria were based on observations of the of trees 

cut at a known date at Mkuzi Game Reserve and woodcarvers south of TeInbe Reserve. 

The criteria are conservative and underestimate dead trees 

taller than two metres were considered due to the of or not rnlTp.c·tlv 

rlPl1tif',;",.a smaller individuals. Numbers of dead trees were low and the of 

data from False Park and Ndumu Game Reserve. Since diameter-class 

distributions for C. schlechteri were very similar at all these South African Sand Forest it was 

assumed that for these do not vary across the range. 

Forest recovery 

Areas of forest burnt at Tembe in Se}:)teInbl~ 1995 were "111",(>,,,,,,11 27 months later in December 1997 to 

assess of burnt trees and the recruitment of new trees. Three 2 x 50 m transects 

were rancdolrnly located in of burnt forest at least 10m from the forest All burnt 

sterns with bases inside transects were cmmt,ed. and where VV""Hmo, their diameter at breast or 

basal diameter measured. The and of stem was noted. 

In any recruits associated with burnt were excavated to 

determine whether were ., ............. ,.10" or Ve!~etlltiv'el prclduced root suckers. in 
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SAND FOREST STRUCTURE AND DYNAMICS 

creeper and liana was but not measured. densities were assessed the 

number of of any were counted in 40 2 x 50 m transects. These transects were 

raIll(10lmlj located at least 10 m inside the forest and at least 50 m. No more than two 

transects were located in each bumt 

In order to assess the response of the canopy C. schlechteri to fire ...... u"'!~" 

medium and see Table 9 for location of brandIes, trunk or base of 

and stem circumference at breast were noted. Trees were considered to have died 

no or shoots were visible and a stem slash revealed dead cambial tissue. Parallel transects 

10 m in width and 20 m were laid out to the axis of bumt of Sand 

startiI:lg at 10m from the forest was continued across burnt forest 

... ,,1r"h,~" until 100 individuals had been C. schlechten' has characteristic bark and is 

' ..... UUll .. ''-', even when dead. 

Associations between COI'lSLleCmc 111V""',/<> and adult trees 

I used to test whether trees tended to occur tnc,etl~er 

or away COltlSpleCllfic adults more often than if were randOlnlv distributed in the forest 

ranidOlnly distributed 400 at least one environment. The .. v.~ .. "t .. rI prc)porticlD 

adult tree was derived from the Vel!eultio!n sllm)llrnlg program described above. A was 

considered to co-occur with an adult if any of a cOllsp'ecilfic adult was inside a circular 400 

centred on that oriented and located transects were walked until 50 

of each of the 10 most llTIl)or1:ant trees at Mkuzi Game Phinda and Tembe '-'", ...... <1,,' 

Park were :> .... UUllll!:> were :>iIIIUIJIII::U for where low densities would have 

""llll!."'''!! effort. Each was at least 25 m from the nearest 

Salnplea COltlSpleCllfic iuvenile and were assumed to be I defmed of 

canopy as non-rem:oduc1:ive established recruits shorter than 3 m, and adults as 

taller than 5 m. For are shorter than 1 m, 

while adults are taller than 2 m. 

Forest structure: canopy and openness, stem area and 

The forests of the three localities chosen as lliU.l.'iIIll)/ and retllresentati"e of Sand Forest 

were all 

Phinda to 

with a medium to of forest area of gaps, from 4 % at 

21 % at Tembe These estimates include all gaps than 0.2 m in 

diameter. while most estimates include gaps to have been caused by 

disturbances such as branches or whole trees Barden If gaps smaller than 2 m in 

diameter are the of canopy gap area in the forest is still 6.3 % at 

3.2 % at Phinda and 16.9 % at Tembe. 

40 
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Table l. C.llOPY height and percentage of forest area coverr<! by C.llOPY 
gap< .t Mkuzi. l'\1in"" and Tembe, C.llOPY height< were estimated for 
OJ14 h. ,urvey plat" Gap perce"'.~es or. fH}m r~ndomly , ited 100 rn Ii,.. 
transects. 

Site C.llOpy hei~ht Porcenta~e ~'p 

Aye. ± SD RlIlge ,. Ave. ±SD ,. 
Mkuli 6.7±L6rn 3.5-10 m " 10.7 ± 4.6 % W 

Philida 11.O"Z.7rn 4,5_15m " ),9±5.1% 8 

Tembe 8.5±2,Orn 5,1}--12m '" 20.5 ± 7.8 '1b 8 

Canopy beight varied sub'tantially within eoch O,{l4 IIa plot. A betlor r.pre",nlation of the th~ 

dj""",sional forest ,tructu re and distribution of bioma" i, ootained from can<>py profile. con,nucted 

u,ing height and <tern b1lS1Ii area <lata fH}m individual trees (Figure I). 

, , , • , I I , I • " " " " ~ " ,. " 

, , , , , , , , I I • " " " •• " " •• • 

, , , , , , , , " " " " ,. c, " " ~ 

L*. """ '0' 
Fi~uce L Stem.rea of !rOeS in each height d ..... 
Trees WCfe COTUi<lered 10 be ,haded if there w~, 
any overhead foli.~e in " co,.. ,ubtendin~ 45" 
above the apex of the crown, 

Tot.I,tem "",al area of tree, in full ,unli~hl in e.ch hci~ht da ... i, likely to be linearly correlated with 

the 1ICtual rroportion, of upper can<>p~ <urface area, While trees clo,e to average canopy height .t both 

,ite, c'Ompri,e mo,t of the biorn." in full ,unlight, Iln<l hence mo,r of lhe upper callOpy surfoce orea, a 

I.rge proportion af 'Iem ate. is from callOPY tree> t>oth Ollb'llantialiy taller and , horter thIn .veraji:. 

v.lues. These data confirm the visual iml""essioo af ,nuctural belero~eneity af S.nd Forest c.oopi,,". 

At.11 <ires the upper callOpy "'''-' no! a layer af unifonn heitht with an occasion.l emer~ent tree, but 
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Mhe, an irregular .<urf""e comp<l"ed (TOO, of. rango of hei~ht', .Ii>eit wah {he highe,{ proportiO!l of 

can"PY tree bioma.<s oO<TO'p<.mdiog 10 ",erOile conopy heiihl (Figure I). AI{hough the rel.{ively few 

can"PY {,ee, in full 'Un compri,e by far the large'l prUpOr{iOO of fore,{ t>ioona" (tot'" .<(em area), 

,mailer tree, that ore lightly or totally ,haded ore fat more nu"",r<.)U'. The biomas, of ,uh<anopy 

vege{atioo was highest in {he {.Ue't forest' .t ?hiooa (14.08 m' ha" ,(em .rea r>f ,h.ded Irees v,. 
20.43 m' n." in full ,unlight), intermedi.te at Tembe (IOA8 m' ha- ' v,. 22.53 m' ha-') and i<Jwes( in 

the ,hoo forest.t Mkuzi (4.72 m' h.-' \". 20.26 m' h.-'). 

Table 2. STem are •• OO tree den,ity of S.nd Fore,t.t Mkuzi, ?hind.,nd Temi>e (av~.:I: SO). 

S'em are" a{ IlH (m' h.-I) Tree den,ity (tree, ha.-'j 
All tt,," ,. 10 cm OBH All,. 0.3 m hI. ,. 10 em OBH 

Mkuzi 24.1,.7.7 22.4 '" 8.4 2757",]789 5(;9:1: 241 

Phinda 33.2", 9.6 29.3:1: 9.6 )3~):I: 2 )49 641 ± 154 

Tembe 32.0;: 12,1 26_8 ± 12.2 4790±1684 525±179 

Forest S/ruClUr<: gup leU/UTe' and ,he di",;bulion 

Although gap' made up a IO'i" proportion of foresl 'rea, mml CO"opy g.p' were .m.IL Neorly h.lf of 

.n iaps ,,"'ere I." th>ll one metre in diamc!e" arld gaps Ies, {h.n foor metre .. in diamete, ",",tribu{e..:! 

more [han 60 % of total gap area in 0 combined somple from M~""i, Phind •• nd Tembe. (Figu,e 2). 

MetsT of the gap< of Ie" Th.n ,",e m<:iJ'e in di.meter had no apparent cau,e, and ","nled to be. nonnal 

femure of the canopy. 

" 
" l , , 
" • 

I 
" , 

" , 
u..LM _L-bc =,'--
" ., 1l " 

g .. """"-I~) 

Figure 2 Di<tributicol of ~ap ,izes in a corrbined .. mple f,om Mhzi. ?hirlda and 
Temhe (10, 8 and ~ Iran:;ec!> ,-o'P'X'livdy C>f 100 m). TIle proportiotl of [(){al g.p area 
contrihuted by e""h ,ize do" i, illustrated ()fl lhe righL. 

Mean are. (:I: SO) Of randomly lOmpkd cnnoPY lIf1jls IOlie enoogh to h.ve been c""sed by [he death of 

branches or Ir"", (Le. o:aps ,. 2 m') .( Mku,j was 26.0 m', with. range from 2.4 m' to 95.0 m'. Canopy 

g'JlI< in the t.ller r""'.m "'- Phindo were larger, WiTh m:an .ize of 7UA m', .rld • range from 3.2 m' (0 

1~8.5 m'. 'The inrermedi.le heigh! forests at Tenibe ha:;lthe lorge>t me"" g.p size of 75.2 m' .• nd. 
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rang' I"rom 1i.3 m' to )39.3 m' (se, Table 3 for replication). Allhoogh the remain, of dead ,tanding and 

f.lkn tr,es w,'" p,"sent in I1klny gap'. ~.,-Iy half of 11",," larg.r gap< had nO oovi",,-, cause (Table 3). 

Tallie 3. Cause, of caMpy gap formation at MkuLi, Phinda and T'mbe. 

Gap c""", 
SM " D,ad ,mnding tree Fallen tree branch f.1I UnJ;:oown 

Mkuzi " ; , 0 " 
Phinda " 

, ,. , , 
Tembe W ; ; 0 , 
• I lru "ill Ii vi"! 'Ild I kHled by , leph.", .";.it} 

Only o~ gap (oc Phin<ia) was obviou.ly couse<! by ,lcpl,.n{, ru,hing oVer and killing. living lre,. 

Two II.!" ill Pbinda were caused by falling N. hildebrandlii brancbe. , Only o~ fallon tree (m Phin<ia) 

wa. still living. AI all ,il"" , it .ppcarod Iha{ rro,1 fallen Iree, died 'tandinll and <ub.",quontly collap",d 

duo ro decay. Windlbrow appeared to be a negligible cause of mortality in the", fore't'. and an 

exton,ive ,urvcy after an unu,ually violent wind,{onn rev.aled 00 tC>ppkd lr",,. (I. Ru,hworth, pen. 

COIl.Il.). 

ForeJ/ structure: Irt:< slructure 

Sand flore" canopy rreO, branch relatively close to the groond. and .orr>< are rnulti'ternm"d from 

grooad level (Table 4). Branching I"'illhl, tl'" ratio of branching height to tree heigh!, and de~ree of 

multi,{emmedness ate all invc"cly c()ITelat,d with mean canopy beight ill e",h locality (se' Tobie I), 

Of the important """opy 'f'Ccie" only CombWum mkuzen.e i, naturally rnul{istomrned from ground 

1ovo]. Orl"" 'p"cie, ,uch '" PI,leopJ;' my";folia and Hymt nocard;a ulmoides are often multis{emm"d, 

but lhis is u,ually a coppice re'p<mse to ,{em damage cau",d by herbivory or fir., 

Table 4. Structural characteristic, of Sand Fore,{ cnnopy tree, (""OS with. total DBH of 10 cm or 
greater and a{ I"ast 90 ':t caoopy openncss). M ul(ipt. ,tem< orillinale al or below IIfOOnd l,voL 

Sile M.an t.ranching Mean and !;lnge of Percentage with Mean number 
heighl (m) .. SD b!;lnch ht/lree hI. multiple " em, of*m< 

Mkuzi(n _ 451) 1.1J ± 1.0 0.18 (0 - 0.82) 19.1 % 1.5Q 

Phinda (n ~ 359) 2.2", 1.9 O.n (0- 0.75) 9.3 % U, 

Tembe(n _ 21iIl 1.6 ± 1.4 0.22 (0 - 0.78) 15. I 1.42 

Forest «ruclurt:: Iree sl" d;"ribmion. 

S.nd F<xc'II uoo, "'nd lO ~ ,mall, with f"w individuals « I %) e",,,,,ding 50 Crn DDH (Figure 3). Tho 

large't tree rr><a,ured at each locality was N. hi/J~branJ'ii, with ~m di.meto" of 107 cm, 160 cm and 

136 cm ""'P""tively at MkuLi, PI,in<ia and T"mbe. 11,., only other ,,,,,,,ie, tlw often exceed. 100 Cm 

DBH i, th' buUre,,,,d eEI",rgenl Balanites maughamii, '11", canopy dominanr, C. "dI/e,'h,eri. tend, to 
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"" con'Klerabl~ 'maller, arxl the lorges! trees enc()\l1)(ered weu 30 cm, 91 em and 51 cm DBH 

r.,pec!ivoly at Mhzi, Phinda and T.mh. _ 

-, 
'~ bh_ 

" " " '1 " '1 """ 

I-! , 
i 1M <-

'J i h 
, j I I, '17l= 

0 " " 11 11111"""" 

, ~ 

" " """,,, ,, ,, 111 
.1 ... ~ .~t1" (C~ I 

• 
! , 
" , , 
! 

M.Ul; 
~ 

,~ 

"" ,.,' '''''''''1<1! 

Phin~. 

". 
,~ 

• , " ""' " """""U 

Tomb. 

" II"""" 

f'i2ur. 3 Di1lmeler-d"" di,trihuti"", of 1111 tr •• , !aller than 2 m, arxl heignL.cla" <li,tribmion, 
of all tree< al the lhltt ,ampled localiti.,. 

The ~ter distribudo,," ef combin..o sample< of all lre., al the thr.., localilic<...., !YfMcally 'reverse 

r ,hap..o, allhou~h the ,lope of lhe Ji'tribu!io<, varie" There were lewer den'ities of smali Ire .. , 

1< iO em DBI!, but laller thll!l 2 m) at Mkuli, inLermediate don,i1;o' aL PI';n<ia, and highest den,ilies at 

Temb<. 
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.'igur. 4 Diameler· and height--d." distribution, of nine of the mo,t 
important 'peoie, (90.6 % ofto<al impo<lonc., ,ee T~hl. 6 for det,il,),t 
M~Uli Gonte ~'"rve, Not. that ,ile-d",e, are 001 ~Y~n. Balanil« 
maughamii, ran~ed 9th at thi' loc.lity wos "mined due !o the low 
number r>f ,tern' >amp led. 
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~'igur~ 6 Dia,,..,t"- mid beight-da" di,u-it>utioJl' of the "h,. most 
important 'peGi<:. (73.6 % of tot a! importa""" '"" Table 6 for <1<:tail,) 
m Tembe Ekphl!Jlt Ro""rve. NOlO ,h.t ,ize-da,se" are not OvOn 
lla/aniJe< maug/wmii, ranked Il)th ot thi' l""olity wo, omitted due w 
tho low numb<rof ,\<,m sampled. 
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Many af the individual specie, at each ,ite, including thc tWO m"-'t important ca!lOPy dominants. 

C. Jchi,chu" ,,,d N. Midebrandlii, have flat ,ize cii-'lribmioos, or relatively few ,mall individual, 

(Fij:u= 4, 5 ,nd 6). The rela~ve ,earcity of ,mall individual, in many species i, more """arenl i" Iho 

height-da,. di'trihution,. which include individual trees ,horter than two metre>. Trees >borter than 

tWo metre, are vulnerable to brow,ing, and precisely the,., ,ize clas,." are underrepre.>ented or ab","[ 

from [Tee ]lO]lUlation" Thi, effect i, l'<,rticularly c""'picLJOu, in the most palalah" ... pede, ,och as 

C. ""hieel"e". N. hildebrandlii. W. natalemj<, D. argwa, S. henning;ji and 1: ianceoiala, oot "ill 

"" .. ible in moderately palatable ... pedes ... lICh a, P, myrlijoifa, C. mkuun"" and P.jragramiuima. Tho 

relative lack of .mail trees withi" the ranj:e of ,izo, "flee[ed by br<lw.inj: i, even vi,ible in the 

c<lmbined height_da .. di,triootion of all <ampled trees at each locality (rigure 3). Only D. ,chieehlerl 

at Teml>e (rig",e 6) and N. hiJd,brondtii at all Iocalit;', (Figure, 4, 5 and 6) ha.e multirnodal 

diameter-cb" distributioos Ihm mij:ht indicate opisodic rect"i!m~ll[. 

Since one year-old ,"edling' "'" unlikely to have exc.ecied 30 cm in heigh! (s.ce atopte" 5 & 6), W 

citn,ities of "edlin~ .. of th" .<i:r.e can gi.e s.ome irldic"i"" of maximum ,onu.1 recruilment from "",d. 

[)eo,ino, of .eedli"i' of C schtechter' .ariod ,uootantiolly from locality !o locality. from 61.~ 

",,,lIing.' per hectare a! Mkuzi, to ollly 4.7 seedling' per hectare at Phind, and no seedling' at Tembt 

(Table 5). II ,hould be nDled thot 'amplini wa.:; coo<hxted in the middlo of tho ,ummOr wo! . ..,ason a! 

MkuLi, whon all ,,,,,dlio& ienninatioll and establi,hment wa, lilely to have occurred. but near t~ 

middle C>f th. winter dry ",asoo ,t Phind" ond Tomi>e, when ,"cd ling mortality was lilely to have been 

high, Tlte den,iuo, pre.<,en!ed here are fmm ali old-growth fore,! "ample, and are oot bia,ed 10 

repre",nt all)' particular regonera!iOll environment' such as gaps or [he fore,! understorey. 

Table 5. De",hy per hectare C>f seedlin¥" (S 30 om l\Cight) and aiult tree, (> 10 cm DBH) of 
C. lchi,chl"'. Sample, (27 0.04 11 .. quadra" fo<: Mluzi and Phinda ,nd 20 quadrat' fo<: Tembe) were 
randomly i("'"tod with "'sard to canopy "I"nne". 

Site Soodling density Sttdling den,ity Tree demity Stem area of trees 

(:S: 10 em "oight) (>l(~?<1 em IlOight) (> 10 cm DBB) (> 10 cm DBH) 

Mluzi 51.9 "' 223.1 So4m' 

Phind, , .0 " 198. I 9.8 m' 

Tembe 0 " 175.0 6.9 m' 

Spro"'ing in Sand For~;llru ;~ci", 

It i, extremely difficult", categorise sproU!ing res]lOll"'s in plant' (Bond &- Midgley 2001). There are 

many poil.ibl< ""l""",e' to • wide range of d;"tumancc type, of Yaryini ",writy. E"en within one 

.'pecic.', re'jlOOIle m;<y vary with age. ,izo or en.irollment. Hore J cl"",ifiod lrOC!!' abilitio, !o produce 

,tem (epk"rmic) and baoal 'proul' (JenJU Ilood & Midj:l<y 2((11) in re']lO",e to dealh or 10" or lruje 

brooches and n~lin ,tem, or to burni"g of aboveground biom"",. Nearly all Sand Fore" 'P""ie. had 

.ome ability'" prodU<.'C new .<,hoot, to replace 105! 0<: damaged stems (Table 6). However. rales of 
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resprouting relative to mortality appeared to be fairly low for most species in undisturbed forests 

(pers.obs.). 

Table 6. Proportion of seedlings to root suckers and resprouting ability (production of stem and basal 
resprouts) in the 10 most important old-growth forest species at Mkuzi Game Reserve, Phinda 
Resource Reserve and Tembe Elephant Park. Resprouting refers to the species' ability to survive and 
form new stems after losing stems to disease or physical damage: low-few individuals survive 
damage (> 0 % but < 25 %); medium-a high proportion of individuals survive damage (25-50 %); 
vigorous-most individuals survive damage and produce new stems (>50 %). Importance is calculated 
from the average of each species' relative density and its relative dominance (total stem cross-sectional 
area) at each site. 

Species number of resprouting ability Importance (%) 
suckers Phinda Tembe Mkuzi 

Cleistanthus schlechteri 10 0 low - medium 25.1 19.8 35.1 

Newtonia hildebrandtii 10 0 low - medium 14.9 18.0 13.7 

*Pteleopsis myrtifolia 20 0 vigorous 5.7 2.9 9.5 

Hymenocardia ulmoides 16 0 vigorous 4.7 3.2 9.8 

Cola greenwayi 15 0 medium 6.3 8.3 

Wrightia natalensis 10 0 vigorous 9.3 3.3 

Combretum mkuzense 10 0 vigorous 4.3 6.8 

Drypetes arguta 33 0 medium - vigorous 5.1 5.9 

Brachylaena huillensis 15 0 vigorous 7.0 

Psydrax jragrantissima 5 12 vigorous 6.4 

Dialium schlechteri 10 0 vigorous 5.5 

Balanites maughamii 6 2 vigorous 2.4 1.6 

Croton gratissimus 7 0 low 3.9 

Manilkara discolor medium (1) 3.6 

Tricalysia lanceolata vigorous 3.5 

Todda/iopsis bremekampii 12 0 vigorous 2.8 

Strychnos henningsii 4 medium 1.6 

>I< P. myrtifolia can produce root suckers after fire: of 10 recruits excavated in a burnt area at Tembe. 7 originated 
from root suckers and only 3 were seedlings. 

While a few Sand Forest tree species, most notably P. jragrantissima, were able to produce individuals 

vegetatively by means of root suckering. the most important species (in terms of stem density and total 

stem cross-sectional area) appeared to reproduce entirely by means of seed in old-growth forest. 

Mortality and resprouling in Cleistanthus schlechteri 

In undisturbed old-growth forest, estimates of adult mortality rates derived from numbers of recently 

dead trees in a standing population were relatively low for the canopy dominant, C. schlechteri (Table 

7), as would be expected for a slow growing, long-lived tree (see Chapter 7), 

49 
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Table 7. Estimates of annual mortality and resprouting rates in Cleistanthus schlechteri derived from 
numbers of recently dead trees in 1995. Data are pooled from five Sand Forest localities in South 
Africa. 

Diameter class No. individuals No. dead Mortality No. resprouts Resprouting 

S 10 cm DBH (> 2 m height) 251 2 0.8% o 0% 

> 10cm-40cm DBH 702 7 1.0 % 3 0.4% 

There was no evidence that mortality rates were higher for small trees (less than 10 cm DBH. but taller 

than 2 m) than for trees larger than 10 cm DBH, but this estimate may also be unreliable as a result of 

small sample size. Less than one-third of adult trees larger than 10 cm DBH in which the aboveground 

biomass had died back had survived and produced new basal or stem shoots (resprouts). 

Sand Forest recovery after fire 

The randomly sampled burnt patches at Tembe appear to have been rep~sentative of sampled old­

growth forests at this locality, with a typical species complement and a stem diameter distribution that 

closely resembled that of unburnt forests sampled in 1995 (data not presented). Of the 60.7 ± 33.2 trees 

per 100 m2 transect (ave. ± SD. n == 3) before the 1995 fire. 79.2 ± 11.7 % were still standing, but with 

all aboveground stems killed by fire, 17.7 ± 9.4 % had fallen, and 3.2 ± 3.9 % had burnt completely, 

leaving only stumps. Despite the death of nearly all aboveground biomass, 53.6 ± 4.2 % of all existing 

trees had produced new basal stem shoots (resprouts) with a median length of 42 cm (longest shoot on 

each tree, n == 97; range: 2 cm to 158 cm) 27 months after the fire. All burnt trees without resprouts 

appeared to be dead. Ability to survive and resprout was not related to stem diameter (Logit regression, 

n == 180, P ::: 0.12). In addition to the 32.3 ± 17.2 resprouts per 100 m2
, there were 5.3 ± 6.8 new 

individuals produced vegetatively from root suckers. Only one seedling (P. myrtifolia) was found in 

three transects. 

A large proportion (66 %) of the living trees in the burnt transects were from only five species (Table 

8) which had resprouted vigorously and, in the case of P. locuples and P. myrtifolia. also produced root 

suckers. Cola greenway; and ToddaUopsis bremekampii were common (average of 5 and 4.5 

individuals per 100 m2 respectively, ranked 2nd and 3rd after D. arguta) and widespread (occurring in 

17 out of 20 samples) in unburnt forests in 1995. However. resprouting individuals of these species 

were absent from burnt transects, and rare elsewhere in the burnt forest areas. Resprouts and root 

suckers of Psydrax jragrantissima, although present in low densities in the sample, were common 

elsewhere in burnt forest areas. Common liane and creeper species resprouted vigorously and often 

covered large areas of ground. See Appendix 1 for a list of all species observed to resprout after fire. 

The cover of grass and forb in burnt forest areas was between 50 % and 90 %, often approaching that 

of adjacent savannah and grassland areas. 
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Table 8. Common sprouting species in three 100 m2 transects in burnt Sand Forest at Tembe Elephant 
Park. Resprouts are stem shoots from existing trees burnt in the frre. Suckers are clonal stems arising 
from below ground roots. Density values for unburnt quadrats are based on 20 400 m2 samples. 

Burnt transects Unburnt quadrats 
Species No. resprouts No. suckers No. of individuals Rank 

per 100 m2 per 100 m2 per 100 m2 (stem no.) 
(ave.::t:: SO) (ave.::t:: SO) (ave.) 

Hymenocardia ulmoides 6.0::t::2.6 2.9 5 

Psydrax locuples 3.0::t::3.5 3.3 ::t::5.8 0.9 15 

Preleopsis myrtifolia 5.0::t::5.2 1 ::t:: 1.7 1.2 9 

Drypetes arguta 3.3 ::t:: 1.5 8.2 

Brachylaena huillensis 2.7 ::t::4.6 2.7 6 

The low seedling densities in the initial sample were consistent with densities over a wider area: 

although sampling was conducted at the height of the summer rainfall growth season only two 

seedlings (one P. myrtifolia and one Erythrophleum lasianthum) were found in 40 100 m2 transects in 

burnt Sand Forest. This is considerably lower than the average density of 1.2 seedlings (S 30 cm tall) 

per 100 m2 in unburnt Sand Forest at Tembe in dry season of June/July 1995, or the densities of 14.7 

seedlings per 100 m2 at Mkuzi in DecJJan 199411995 and 6.8 seedlings per 100 m2 at Phinda in 

May/June 1995. 

Table 9. Response of Cleistanthus schlechteri to fire damage in Tembe Elephant Park. 

mode of resprouting in survivors 
Tree damage n base of stem stem branches dead 

light 19 16 2 

medium 69 24 3 0 42 

heavy 12 2 0 0 10 

Total 100 27 4 16 54 

light-some foliage survived fire or no substantial blackening of bark; medium-no living fOliage. bark lightly to 
heavily blackened by fire, but still intact on main stem and most branches; heavy-bark heavily blackened over 
much of tree or burnt through bark on main stem or many of branches. 

Total mortality in a sample of 100 burnt C. schlechteri was 54 % (Table 9). Mortality was strongly 

related to the degree of damage by fire (Chi-Square test, P < 0.001), but unrelated to tree size (Logit 

regression, P == 0.86), which ranged from 3 cm to 56 cm DBH in this sample. However, the diameters 

of trees in this sample are approximately normally distributed, unlike more extensive samples from 

unburnt areas in 1995. which have a higher proportion of stems smaller than 10 cm DBH. This may 

indicate that more small stems did not resprout but were too burnt to identify. Resprouting from crown 

branches was common in lightly damaged trees (occurring in aU 13 individuals which retained some 
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living foliage from before the fire), but did not occur in severely scorched or burnt trees. When these 

more heavily damaged individuals did resprout, it was only from the base of the stem or occasionally 

from cambial tissue on the trunk. Only two trees in the sample had fallen, both apparently because of 

removal of aerial support rather than damage to roots or trunks. 

Regeneration patterns andforest grain 

At the scale of 400 m2 samples, juveniles of most Sand Forest species were significantly associated 

with conspecific adults at all three Sand Forest sites (Table 10). 

Table 10. Association between juvenile and adult trees of dominant Sand Forest species (ranked by 
importance al each site). A + indicates that juveniles are found together with adults more often than 
would be expected if they were randomly distributed, while a - indicates that juveniles are found away 
from adults more often than would be expected. Juveniles of canopy species are established plants 
shorter than 3 m, adults are taller than 5 m. For sub-canopy species (denoted by +). juveniles are 
shorter than I m and adults are taller than 2 m. Juveniles were considered to co-occur with adults 
where any portion of a conspecific adUlt was inside a circular 400 m2 quadrat centred on that juvenile. 
Associations were tested with a Chi-Square (X2

) test: n.s. P> 0.05; * P < 0.05; ** P < 0.01; *** 
P<O.OOI. 

Site Juveniles Juveniles n Expected x,z 
I Species with without proportion Assoc. 

adults adults with adults 

Mkuzi G.R. 

Cleistanthus schlechteri 49 50 0.83 + 8.1** 

Newtonia hildebrandtii 31 19 50 0.48 + 4.9* 

Hymenocardia ulmoides 32 18 50 0.41 + 10.5** 

Pteleopsis myrtifolia 43 7 50 0.72 + 4.6* 

Brachylaena huillensis 27 23 50 0.38 + 5.5* 

Combretum mkuzense 15 35 50 0.52 9.5** 

Croton gratissimus 36 14 50 0.48 + 11.3*** 

Wrightia natalensis 16 34 50 0.41 1.8 n ••• 

Strychnos henningsii'" 44 6 50 0.48 + 31.6*** 

Balanites maughamii 5 26 31 0.14 + 0.1 n.s. 

Phinda 

Cleistanthus schlechteri 31 0 31 0.74 + 10.9** 

Newtonia hildebrandtii 26 I 27 0.74 + 6.9** 

Wrightia natalensis 44 6 50 0.85 + 0.3 n.s. 

Cola greenwayi ... 48 2 50 0.63 + 23.4*** 

Pteleopsis myrtifolia 48 2 50 0.56 + 33.1*** 

Drypetes arguta ... 48 2 50 0.81 + 7.0** 

Hymenocardia ulmoides 47 3 50 0.63 + 20.7*** 

Combretum mkuzense 8 27 35 0.30 0.8 0
'" 

Tricalysia lanceolata ... 47 3 50 0.81 + 5.2* 

ToddaUopsis bremekampii ... 35 15 50 0.85 9.1** 

Tembe 

Cleistanthus schlechteri 37 38 0.81 + 6.6*· 
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Newtonia hildebrandtii 4 0 4 0.57 + 
Cola greenwayi 50 0 50 0.76 + 15.6*** 

Psydrax obovata 41 9 50 0.57 + 12.6*** 

Drypetes arguta ... 50 0 50 0.90 + 5.3* 

Dialium schlechteri 14 2 16 0.38 + 16.6*** 

Manill«zra discolor 34 16 50 0.52 + 4.9* 

Hymenocardia ulmoides 44 6 50 0.62 + 14.4*** 

Pteleopsis myrtifolia 47 3 50 0.71 + 12.5*** 

Balanites maughamii 0 7 7 0.24 

Only C. mkuzense. a wind dispersed, light demanding species which tends to be associated with gaps 

(see Chapter 4) and T. bremel«zmpii. a shade tolerant. bird dispersed understorey species have juveniles 

which are non-randomly distributed away from conspecific adults. Seedlings of W. natalensis were 

consistently randomly distributed with regard to con specific adults. Although this species tended to be 

distributed in slightly lower than average light environments (Chapter 4), its small. light seeds with 

dandelion-like parachutes are very widely and evenly dispersed. 

Discussion 

Structure and past disturbance 

Sand Forest is amongst the driest forests worldwide, with a strongly seasonal rainfall pattern and 

occurs on free-draining, nutrient poor sands (see Chapter 1). Not surprisingly, I found that sampled 

forests were short, often multistemmed, and structurally simple, particularly at the driest locality 

described here. Mkuzi. Although dry forests seldom reach more than 40 m in height, the average 

canopy heights of approximately 7 to 11 m (with very few emergents taller than 18 m) also place these 

forests amongst the shortest worldwide (see e.g. Murphy & Lugo 1986a; Menaut et al. 1995; Murphy 

& Lugo 1995; Rundel & Boonpragob 1995; Sampaio 1995). Nonetheless, tree density was 

intermediate (Table 2) and stem area of the woody vegetation was moderately high. ranging from 

24.1 m2 ha·1 to 33.2 m2 ha-I (excluding lianes and shrubs not capable of exceeding 2 m height). 

Dry forest structure can be greatly modified by disturbance ranging from stem harvesting to forest 

clearing and fire (Sampaio 1995; Lowe & Clarke 2000). and these effects persist for almost a century 

(e.g. Murphy & Lugo 1986b; Lowe & Clarke 2000) and probably longer (Swaine et al. 1990 and see 

Chapter 7). Despite very low rainfall. stem area in sampled Sand Forest is typical of undisturbed dry 

forests (Murphy & Lugo 1986a; Lowe & Clarke 2000). and higher than in East African dry forests 

with a known history of disturbance (Lowe & Clarke 2000). Nearly all stem area is contributed by few 

large trees. unlike forests where large-scale stem harvesting has occurred (e.g. Murphy & Lugo 1986b; 

Gonzalez & Zak: 1996). Although the study sites described here are all conserved areas, there has been 

some harvesting. mostly stems of pole size. However. only forests where direct human impact was low 

were sampled, and the presence of epiphytes, large lianas, very large trees, and a range of tree sizes, 
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are further indicators that these should be considered old-growth forests (sensu Clark 1996). Note that 

extensive short thickets « 4 m) with many species in common with Sand Forest and occurring in a 

matrix with Sand Forest in and around Tembe Elephant Park were not sampled. It seems likely that 

sampled forests have not been subject to large-scale natural or human disturbance for centuries and 

perhaps millennia. and certainly not since the advent of aerial photography in the region in the 1930's 

(pers.obs.), 

Sprouting in undisturbed oid-growth/ores! 

Kruger et al. (1997) suggest that the apparent lack of recruitment in many South African forests is 

simply a function of high levels of sprouting and therefore not necessarily cause for concern. 

Worldwide. the high incidence of sprouting in tropical dry forests in response to clearing or burning 

(Murphy & Lugo 1986a; Murphy & Lugo 1986b; Sampaio et al. 1993; Miller & Kauffman 1998) 

implies that persistence and regeneration by sprouting may be important even in largely undisturbed 

dry forests. In Sand Forest this does not appear to be the case. In some ways Sand Forests conform to 

the model of Kruger et ai. (1997), which proposes that short forests have low branching height, high 

multistemmedness, low recruitment from seed, and presumably high dependence on adult resprouting. 

Structural indices thought to be related to sprouting vary in the predicted direction across the range of 

canopy heights. Most, if not all, species have some ability to resprout following damage, and numbers 

of seedlings relative to adults is low. However. mean number of stems per tree is relatively low and 

very few species appear to be able to maintain their position in the forest by resprouting. The canopy 

dominant and most important species at all localities. C. schlechteri (see Table 6 and Chapter 2). had 

resprouting rates of only 0.4 % per annum in undisturbed forest compared to mortality rates of 1.0 % 

(trees > 10 cm DBH). While resprouting may contribute to adult persistence. these values seem to 

indicate that recruitment from seed is more important than resproU:ting for populations of 

C. schlechteri. Although there is little information on resprouting in undisturbed old-growth forests, 

tall moist tropical forests in Panama had much higher resprouting rates of 1.7 %, vs. mortality rates of 

1.5 % per annum (Paciorek et ai. 2000). In undisturbed Sand Forest, trees primarily died standing as a 

result of senescence, disease or shading, which would reduce the incidence of sprouting relative to 

taller forests where physical damage from treefalls is frequent (Paciorek et al. 2000). Vegetative 

reproduction by sprouting also appeared to be relatively unimportant in Sand Forest. Kruger et al. 

(1997) found seeding indices (no. seedlings/no. all recruits) of approximately 0.5 or less for forests 

with canopy heights similar to Sand Forest (ca. 7 to II m). Seeding indexes for Sand Forest, based on 

the 10 most important species at each locality. ranged from 0.89 to 1 (0.93 to 1 if weighted by species' 

importance) and were not correlated with canopy height. Although data from Sand Forests support the 

broad conclusions of Kruger et al. (1997) regarding relationships between canopy height and inherent 

ability of forest trees to resprout. the tight relationship between these characteristics. background rates 

of resprouting and the importance of recruitment from seed in old-growth forests does not appear to 

hold. It is unlikely that a simple structural characteristic such as canopy height could provide a 

framework for predicting and interpreting forest dynamics. or infonn management and conservation 

decisions as the authors suggest. 
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1995; Midgley et al. 1995b). Leaf characteristics appear to support these conclusions (Midgley et at. 

1995c, but see Chapter 4). In the more detailed of these studies, Everard et al. (1995) classified Sand 

Forest as 'mixed [fme and coarse grained?] with an intermediate grain'. This implies that canopy trees 

require medium- to large-scale disturbance for regeneration. The conclusion is partly based on the high 

ordination distance between subcanopy and canopy samples of 400 m2 quadrats, with the incorrect 

assumption that continuous in situ replacement ('fine grain') would necessarily result in similar 

frequencies of species in both samples (see e.g. Condit et al. 1998). Ordination distance is interpreted 

in the light of diameter distributions, the graphics of which contain serious errors, with identical 

distributions presented for the same species in different forest types and even for different species 

within the same forest type. The authors do not identifY the locality of the Sand Forest sampled, which 

has an atypical species composition, referring only to an unpublished report. It seems that the 

conclusions of this study should be regarded with caution. The data presented in this chapter indicate 

that old-growth Sand Forest experienced primarily small-scale autogenic disturbance events. Although 

canopy gaps comprised a large proportion of Sand Forest area, most gaps were small. Nearly all trees 

died standing and gaps smaner than six metres in diameter contributed the bulk of gap area. 

Windthrow has not been observed. Like Midgley et al. (1995b) and Everard et al. (1995), I found a 

relative scarcity of seedlings and saplings of Sand Forest species, particularly of the two canopy 

dominants, C. schlechteri and N. hildebrandtii. However, juvenile trees of these and most other 

important species occurred together with conspecific adults in small (400 m2
) samples significantly 

more often than would be expected if they were randomly distributed, or if recruitment was limited to 

canopy gaps. This indicates that these forests should be considered fme grained despite the low 

densities of juvenile trees, with most important species able to recruit in subcanopy environments close 

to conspecific adults. Results from Chapter 4, where I examine how Sand Forest tree species are 

distributed with regard to the available range of canopy openness, support this conclusion. Small 

seedlings of most species were actually distributed away from the most open gap environments. 

Although larger seedlings and especially saplings tended to occur in higher densities below canopy 

gaps, indicating that these environments increase growth and/or survival in established trees, no­

species appeared to be completely dependent on gap-phase regeneration in Sand Forest. 

Canopy gap turnover 

Canopy gaps occupied between 4 and 21 % of sampled Sand Forest area. This is substantially higher 

than most temperate or tropical old-growth forests, which typically have approximately 1 % of total 

area under newly formed gaps (Lorimer 1989 and references therein; Schupp et al. 1989). Although 

identifiable gap-makers were absent in many cases, particularly at Mkuzi, there appeared to be no 

edaphic cause for gaps in the forest canopy. Since decomposition rates of dead trees are slow as a result 

of the dry climate and resistant wood of most species, it seems likely that gap turnover rates are 

extremely slow. 
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Large-scale disturbance in Sand Forest: fire 

In managed conservation areas, fire is common in the savanna vegetation surrounding Sand Forest, 

even occurring annually when there is adequate grass biomass. Despite this, Sand Forest very seldom 

bums. The short « 4 m), multistemmed Pteleopsis myrtifolia and Hymenocardia ulmoides stands on 

the forest margin may burn (and resprout vigorously), but fire does not penetrate the abrupt margins 

between the savanna and the forest (pers. obs.). There are no records or memory of fire burning forest 

patches at Mkuzi Game Reserve (proclaimed 1903) or Phinda Resource Reserve (managed as private 

game reserve for at least several decades). During several months spent working inside Sand Forests 

from a variety of localities across the region I did not see charred trunks, fire scarred stems or other 

obvious signs of fire inside closed forest. Despite the apparent absence of fire from Sand Forest, it is 

possible that very infrequent, large-scale disturbance caused by fire mayan important part of normal 

Sand Forest dynamics, allowing the regeneration of certain species and perhaps contributing to the 

maintenance of species diversity. Evidence of fire has been found in all tropical forests where it has 

been sought, and is likely to be more frequent in dry forests than in moister types (Swaine 1992). 

Some Sand Forest did burn in an unusually severe fire that burnt approximately 40 % of Tembe 

Elephant Park on the 10th September 1995. The fire was largely conflned to savanna vegetation 

between forest patches, but crown fires burnt through perhaps 5 to 10 % of Sand Forest in that area. 

The burnt portions of forest patches amounted to several hectares in extent (pers. obs., Matthews 

1997). I investigated forest recovery in burnt patches 27 months after this serendipitous natural 

experiment. More than two years, and well into the third growth season after burning, forest recovery 

at Tembe consisted almost entirely of resprouting. Despite the death of almost all aboveground 

biomass, just over half of all trees had survived and produced new shoots. Species able to resprout 

vigorously were a common subset of the typical old-growth species complement. Recruitment of new 

juvenile trees into burnt patches was primarily by the production of root suckers by some of these 

common resprouting species. Recruitment from seed after the fire was negligible. Fire thus appeared to 

cause a shift toward lower tree density, development of multiple stems and dominance by resprouting 

and suckering trees and lianes. These patches would probably be of lower stature for many years, and 

may be vulnerable to repeated burning in the short term due to much highet grass cover than in unburnt 

forest. Sample sizes were too small to attempt to detect whether burning lowered species diversity or 

richness, but there was no evidence of substantial resprouting or any recruitment from seed by species 

with low numbers of juveniles in mature forest, such as the canopy dominant C. schlechteri. Instead, 

species composition in burnt areas was dominated by resprouts from previously existing populations of 

H. ulmoides, P. locuples, P. fragrantissima, P. myrtifolia, D. arguta, B. huillensis and lianes. All of 

these species, even the most shade-intolerant such as P. myrtifolia, can maintain adult populations and 

recruit continuously in undisturbed old-growth forest. 

56 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 3 

There is therefore no evidence that large-scale disturbance by fire acts to facilitate recruitment of any 

forest species with low levels of recruitment in undisturbed old-growth forest, including the canopy 

dominants. The negligible levels of recruitment by seed in the post-fire environment and potentially 

slow growth rates in Sand Forest trees (Chapter 7) imply that recovery of non-resprouting species 

would be slow. It is therefore unlikely that fire would act to maintain or increase woody species 

richness. Unless further research contradicts these conclusions, conservation management should strive 

to prevent any burning of Sand Forest. 

Demography of Sand Forest species: where are all the small trees? 

Adult mortality (individuals> 10 em DBH) of the canopy dominant, C. schlechteri, was 1.0 % within a 

one year period, at the low end of the nonnal range of background mortality in tropical forests (Swaine 

et al. 1987; Lugo & Scatena 1996). If the composition of these forests has been stable for a long period 

of time, as appears to be the case, we would expect that recruitment would balance mortality. However, 

a striking feature in all conserved Sand Forests was the relative scarcity of large seedlings and saplings 

of C. schlechter; and other important Sand Forest canopy and subcanopy species. Theory predicts that 

three demographic parameters can influence the steepness of a typical negative exponential ('reverse 

J') size distribution (i.e. the relative abundance of juveniles vs. adults): population growth, survival and 

growth. All other things being equal, high population growth results in a more steeply negative size 

distribution, and this is usually the only factor taken into account when interpreting size distributions 

(Condit et al. 1998). However, high survival, particularly adult survival, results in a flatter size 

distribution, with few juveniles relative to adult trees. Less intuitively, high growth rates, especially in 

the juvenile stages, would also result in flatter size distributions. In forest tree populations, Condit et al. 

(1998) actually found that the shape of the size distribution was more strongly correlated with growth 

rates than population growth. They cautioned against interpreting low juvenile density relative to adult 

density as indicative of population decline without an understanding of other demographic parameters 

(but see Lykke 1998). In Sand Forest, neither growth nor survival are likely to contribute to flat size­

distributions or low juvenile density. Adult growth of C. schlechteri and N. hildebrandtii is slow, with 

average diameter increments of less than 3 mm per year. Juvenile growth of C. schlechteri is lower 

than adult growth (Chapter 7). Given the harsh environment (Chapters 1,4 & 5), this is likely to be the 

case for most species. This would tend to result in a more steeply negative exponential size 

distribution. At least for C. schlechteri, survival appears to be in the nonnal range for forest trees and 

probably not high enough to result in a flat size distribution. In light of this demographic information, 

it seems that the absence of juveniles in certain Sand Forest species may wen indicate that recruitment 

from seed was too low to replace adult mortality. Since these species maintain populations by in situ 

regeneration, and recruitment is not linked to large-scale disturbance, this is cause for concern. 

A number of features of the Sand Forest environment appear to contribute to low seedling 

establishment. Seed banks seem to be virtually non-existent for tree species despite copious production 

of seed (D. Kirkwood, unpubl. data). Low rainfall and water-repellent (non-wetting) sandy soil act in 
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tandem to reduce seed germination and increase mortality of small « 30 cm) seedlings (Chapter 5). 

These factors are likely to have been a normal part of this ecosystem for millennia and would act to 

reduce the densities of seedlings in the smallest size classes. However, relative densities of small 

seedlings were relatively high in some species with very few larger seedling and saplings. If we assume 

that recruitment, survival and growth are approximately constant from year to year, this suggests that 

some other factor is acting to reduce survival and/or growth in the larger seedlings and saplings. In 

most cases, height classes with particularly low numbers of individuals corresponded closely with the 

range of tree heights accessible to ungulate herbivores, particularly Nyala, Tregalaphus angasii, and 

the effect is most noticeable in palatable species, including the canopy dominants, C. schlechteri and 

N. hildebrandtii. Thus size distributions suggest that ungulate browsers in conserved areas are 

dramatically reducing regeneration of many Sand Forest species, and perhaps even be causing the 

decline of certain species. Despite regular culling, it is quite possible that in the absence of significant 

numbers of large predators, modem densities of Nyala in conserved areas are substantially higher than 

they ever would have been (see Chapter 6). Given the limited distribution and small area of Sand 

Forest actually conserved (see Chapter 1), this preliminary evidence that selective browsing by 

ungulates could alter Sand Forest dynamics and composition warrants further investigation. 

Although the scarcity of juveniles in conserved areas could be an indication that periodic recruitment 

events are important (e.g. years with unusually high rainfall), data presented in Chapter 6 indicates that 

under similar conditions only a few kilometres away, numbers of juveniles are far higher in the 

absence of browsing. Thus, as in most tropical forests (Condit et al. 1998), it seems likely that 

recruitment in Sand Forest is continuous rather than episodic. 

Conclusions 

Structural characteristics in sampled Sand Forest were consistent with the long-term absence of large­

scale disturbance. Disturbance in old-growth Sand Forest consisted almost entirely of small-scale 

autogenic events. Despite its low stature, recruitment by important tree species in old-growth Sand 

Forest was almost entirely by seed rather than vegetative reproduction by root suckers. Similarly, 

resprouting after death of aboveground biomass was low in the canopy d~minant, C. schlechteri. Low 

numbers of seedlings and saplings are therefore not a function of dominance by sprouting species with 

inherently low ability to recruit from seed. The distribution of juveniles with regard to adults suggests 

that most species were capable of continuous in situ recruitment in the relatively open subcanopy 

environments, and canopy gaps were relatively unimportant. Recovery after large-scale disturbance 

caused by frre is limited almost entirely to resprouting, with a shift in dominance toward a few 

vigorously resprouting and suckering species. The relative absence of juveniles of many important 

species in undisturbed old-growth Sand Forest therefore does not seem to be caused by a requirement 

for medium- or large-scale disturbance as suggested by earlier workers (Everard et al. 1995; Midgley 

et al. 1995b). This implies that management strategies should attempt to avoid larger-scale or more 

frequent disturbance, such as would be caused by high densities of African elephant, Loxodonta 
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africana, harvesting of trees or forest fires. Increased disturbance is likely to change forest structure 

and composition, opening the forest canopy even further and favouring short, light demanding and 

vigorously resprouting species such as P. myrtifolia, H. ulmoides and P. fragrantissima. These species 

were already a common component of sampled old-growth forest, with moderate to high densities of 

juveniles despite the predominance of small-scale disturbance. Increased disturbance would be unlikely 

to increase recruitment of the taller canopy dominants, C. schlechteri and N. hildebrandlii, and other 

important species which had low relative densities of juvenile trees. Although the harsh environment 

probably contributes to the low densities of juveniles of many important tree species, browsing by 

ungulates, particularly Nyala, T. angasii, may be the primary cause. The effect of ungulate browsing is 

an important management issue, and is investigated in more depth later in this thesis. Preliminary 

evidence suggests that numbers of ungulates may be too high and could negatively impact populations 

of palatable species such as C. schlechteri and N. hildebrandtii, changing forest composition and 

structure over time. 
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Appendix 1. List of species observed to resprout or produce root suckers in response to fire at Tembe 

Elephant Park. Vigorously resprouting species (> 50% of burnt individuals) are marked with a "'. 

species capable of vegetative reproduction by means of roots suckers are marked with t. 

Tree species 

tAlhizia adianthifolia 

"'Balanites maughamii 

Bosciafoetida ssp. rehmanniana 

"'Brachylaena huillensis 

Cleistanthus schlechteri 

"'Combretum mkuzense 

Dialium schlechteri 

Drypetes arguta 

"'Erythrophleum lasianthum 

Haplocoelum gallense 

t"'Hymenocardia ulmoides 

Hyperacanthus microphyllus 

"'Lagynias lasiantha 

Leptactina delagoensis 

Manilkara discolor 

"'Monodorajunodii 

Pavetta cf. schumanniana 

t", psydrax fragrantissima 

t"'Psydrax locuples 

t"'Ptaeroxylon obliquum 

t '" Peeieopsis myrtifolia 

*Suregada zanzibariensis 

Tarenna supra-axillaris 

Toddaliopsis bremekampii 

"'Tricalysia lanceolata 

Tricalysia sp. 

*Vitex ferruginea subsp. amboniensis 

"'Wrightia nazalensis 

"'Zanthoxylum leprieuri 

Scrambling shrubs or trees 

t"'Salacia leptoclada 

Grewia microthyrsa 

Grewia monticola 

Shrubs 

*Croton pseudopulchellus 

Croton steenkampianus 

Erythroxylum emarginatum 

Creepers and lianes 

"'Acacia kraussiana 

*Combretum celastroides subsp. orientale 

"'Hippocratea delagoensis 

*Landolphia kirkii 

"'Monanthotaxis cajJra 

"'Rhoicissus digitata 

"'Synaptolepis kirkii 

"'Uvaria sp. 
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Canopy gaps, light environments and the distribution of Sand Forest trees 

Abstract 

"Yew pados and joint-firs rejoice exceedingly in shade. 

Others, one may say in general, prefer a sunny position." 

Theophrasllis (b. 370 b.c.), quoted by Hom (1971) 

The distribution of tree species with regard to canopy openness was evaluated at two 

sites representing the range of Sand Forest structure in South Africa: the relatively short 

(ave. 7 m), open (ll % gap) forest at Mkuzi Game Reserve; and the taller (11 m) and 

more closed (4 % gap) forest at Phinda Resource Reserve. Floristic composition in gaps 

and fully shaded areas were compared. Canopy openness (gap vs. non-gap) was a highly 

significant explanatory variable of the variation in composition revealed by two 

multivariate techniques (CCA and DCA). The density of small seedlings (<15 cm 

height) was lower in canopy gaps than in shaded areas, particUlarly at Mkuzi. 

Percentage canopy openness was estimated above the crowns of 2273 individuals at 

Mkuzi and 3361 individuals at Phinda of all heights ~20 cm. For each individual, the 

residual from the average canopy openness of all trees in the same height class was used 

to correct for the effects of height on canopy openness. The residuals of species with at 

least 8 individuals (24 species at Mkuzi and 25 species at Phinda) were compared to the 

residuals of all individuals sampled. Two species at Mkuzi and six species at Phinda 

were distributed in significantly more open conditions than average (P < 0.05), while six 

species at Mkuzi and seven species at Phinda were distributed in significantly more 

shaded conditions. Species' residuals were also compared to one another, and no species 

was found to be distributed at random with regard to light environments, with species 

arrayed along the continuum of canopy openness. This distribution of species along the 

continuum of canopy openness supports recent questioning of classic gap-phase 

dynamics. Although these relatively species poor dry forests appear to be composed of 

specialists, the substantial overlap between species indicates that niche partitioning of the 

continuum of canopy openness is unlikely to be the only mechanism of species 

coexistence. Nonetheless, this study is one of the first to show that canopy openness has 

a large effect on the distribution and dynamics of dry forest tree species. 

Keywords: coexistence, niche partitioning. relative illumination 
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Introduction 

The three-dimensional structure of mature forest is highly variable in both space and time, resulting in 

a wide range of internal light environments (Brokaw 1982; Richards 1983; Lieberman et al. 1995). 

The response by tree species to varying degrees of canopy openness, usually framed in terms of a 

gap/non-gap dichotomy, has been demonstrated to be important in the internal dynamics of a broad 

variety of forest types world-wide, from tropical (e.g. Brokaw 1985; Denslow & Hartshorn 1994), 

through temperate (e.g. Veblen et al. 1992; Rebertus & Veblen 1993) and boreal forests (Dai 1996; 

Kneeshaw & Bergeron 1998). Little research has focused on the dynamics, or even the general 

ecology of dry tropical and subtropical forests. Primarily because dry forests are lower in stature, with 

lower biomass and simpler vertical structure than moist forests (Murphy & Lugo 1986; Gerhardt & 

Hytteborn 1992), it has been assumed that light is of little importance ~n their internal dynamics 

(Mooney et ai. 1995; Oliveira-Filho et al. 1998). Although the gap theories formulated for wetter 

forests may not apply (Mooney et al. 1995), there is recent evidence that the survival. growth and 

distribution of dry forest trees may be influenced by canopy openness (Gerhardt 1993; Gerhardt 1996; 

Oliveira-Filho et al. 1998). This is not surprising, as even in the open-canopied environment of 

savanna, tree succession can be mediated by shade-tolerance and intolerance (Smith & Goodman 1987; 

Yeaton 1988). Furthermore, although the quantity of light is the factor that varies most in response to 

canopy openness (Scholes et ai. 1997), and is perhaps the most important (Denslow 1987), temperature 

and humidity are also affected (Scholes et al. 1997) and an increase in soil nutrients and decrease in 

root competition may be associated with canopy gaps (Gerhardt 1996; Coomes & Grubb 1998). The 

Sand Forest of our study area is a very dry. short, semideciduous subtropical forest type with strongly 

seasonal rainfall pattern. Total annual rainfall ranges from about 620 to 860 mm (Chapter 1). 

Occurring on deep. uniform, sandy soils with no substantial relief, canopy openness appears to 

represent the only major environmental gradient within these forests. Sand Forests are thus ideal for 

investigation of the importance of light environments in dry forest dynamics. 

Investigation of forest trees' light environments has both theoretical and practical implications. Niche 

partitioning of forest gap microenvironments has been touted as a mechanism for tree species 

coexistence, particularly in the tropics (see e.g. Denslow 1980; Denslow 1987). A substantial body of 

work has shown that species' germination, establishment, growth and mortality differ in response to 

varying light levels (e.g. Welden et al. 1991; Holmes & Cowling 1993; Ashton 1995; Gray & Spies 

1996; Lee et al. 1996; Zipperlen & Press 1996; Scholes et al. 1997; Dalling el al. 1998; Davies et ai. 

1998; Huante & Rinc6n 1998). However, research to date has not revealed substantial niche 

partitioning. Instead, there is evidence of considerable overlap of species along gradients of canopy 

openness (Brokaw & Busing 2000, but see Pacala et al. 1996). This may b¢ because few studies have 

sampled the distribution of species along the entire continuum of available light environments 

(Lieberman et al. 1989; Lieberman et aI. 1995), and many have considered too small a range of species 

or size classes (Brokaw & Busing 2000). Theory aside, an understanding of species' distributions 

along a gradient of canopy openness allows us to predict how ecosystem process and forest 
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composition might respond to various scales of disturbance, from the creation of small gaps to large­

scale clearing. 

This chapter reports on the spatial distribution of tree species in relation to the range of canopy 

openness present in Sand Forest. I have taken two approaches: The extremes of the canopy openness 

continuum, gaps and shaded subcanopy areas (non-gaps), were surveyed so that floristic composition 

and the densities of stems in four height categories could be compared. However, because the 

subcanopy environment of dry forests is relatively well lit compared to taller moist forests (see e.g. 

Barradas 1991 cf Chazdon & Fetcher 1984), providing a wider range of sites for establishment and 

growth, I also examined species distributions along the entire continuum of canopy openness. I have 

taken a similar approach to Lieberman et al. (1995), and estimated canopy openness above individual 

trees from the full range of species and size classes present. This allows me to test whether species are 

distributed non-randomly along the gradient of canopy openness and assess the degree of species 

overlap. In addition, the average canopy openness in each height class is presented for the most 

common species to illustrate how species' distributions with regard to canopy openness change as they 

grow. As Sand Forest varies in stature across its range, all work was replicated in two areas; the forest at 

Mkuzi Game Reserve represents the short and very dry (ca. 670 mm year-I) Western Sand Forest type, 

while the forests at Phinda Resource Reserve are the tallest of the Eastern Sand Forest type and receive 

more rainfall (ca. 860 mm year-I, see Chapters 1 & 2). 

Methods 

Gap sampling and analyses 

Canopy gaps were identified along randomly oriented linear transects at least 50 m from the forest edge 

during December 1997. Gaps were defined as holes in the forest canopy extending to within two metres 

of the ground (Brokaw 1982), with a minimum diameter of 0.2 m. Within each gap the number of stems 

of every tree species in each of four height classes (0-15 em, 15-60 em, 0.6-2 m; > 2 m but shorter than 

the canopy) were counted. The same was done in the nearest possible area of the same size and shape 

below continuous canopy (non-gap; > 95 % cover). The proximity was necessary to minimise any 

differences in seed density as a result of variation in adult plant densities (see e.g. Reader et al. 1995). 

The number of stems in gap and non-gap pairs were compared using the nonparametric Wilcoxon's 

signed ranks test for matched pairs. For each gap, the presence or absence, and if possible the mode of 

death of the gap maker (alive or dead, standing or fallen) was noted. Gap size was recorded as the 

length of the longest axis, and the width perpendicular to that, with area calculated using the formula for 

an ellipsoid (7t x Yzlength x Yzwidth). Stem densities in gaps and non-gaps are standardised to 50 m2 for 

data presentation, an approximation of average gap sizes at Phinda and Mkuzi. The multivariate 

technique, Canonical Correspondence Analysis (CCA, ter Braak 1986; computer program Canoco, ter 

Braak & Smilauer 1999)was used to evaluate of the effect of canopy openness on sample composition 

and to provide a distribution-free Monte Carlo test of significance. Detrended Correspondence Analysis 
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(DCA), which does not constrain ordination axes, was used to assess the degree of separation between 

gap and non-gap samples. For all multivariate analyses, each of the four size classes of each species was 

treated as separate species, with number of individuals per sample as importance values. The only 

environmental variable included was coded as either 'gap' or 'non-gap'. 

Tree heights and light environments 

Most of the data collected for this paper were obtained during a comprehensive floristic survey of Sand 

Forest patches including Mkuzi Game Reserve and Phinda Resource Reserve, henceforth referred to 

simply as Mkuzi and Phinda (see Chapter 2). At each site, 27 circular 400 m2 quadrats were randomly 

located in areas of forests chosen to represent the range of variation in structure and species 

composition. In every quadrat, canopy height was estimated, and the circumference at breast height of 

every tree was measured. In addition, tree height and percentage cover above trees 20 cm high and taller 

were estimated for trees in three-quarters of each quadrat. Height of trees taller than 2 m was estimated 

visually with the aid of a rangefmder, shorter trees were measured. The light environment of each 

individual tree was assessed simply as the percentage cover above the apex of the crown of that tree for 

a cone subtending 45°. All cover estimates were made visually by the author. While this method is 

clearly not ideal in terms of accuracy, a vast number of individuals were surveyed with little 

preconception, and any subjective bias is unlikely. It seems likely that visual assessment of cover is at 

least as accurate as the approach of Lieberman et al. (1995), who estimated light environment at any 

point as a function of the diameters (correlated with height) and distances of all taller trees in a given 

radius. Any estimate of cover is actually a poor measure of light environment, since the total of direct 

and diffuse light received over a period of time varies greatly with orientation of canopy gaps 

(Anderson 1964). The considerable practical difficulties involved in taking accurate measurements of 

total light received by a shaded area, whether instantaneous or continuous (see e.g. Anderson 1964; 

Salminen et al. 1983; Chazdon & Field 1987; Barrie et al. 1990) have largely precluded the use of such 

measurements in studies of forest dynamics. Given the stochasticity involved in dispersal, germination, 

mortality and growth, and thus distribution of trees, my estimate of light environment was considered 

adequate, with the need to sample a large number of individuals taking precedence over precision. 

Analysis of species distribution along canopy openness gradient 

Since smaller individuals tend to be in conditions of low light, and large individuals tend to be in the 

open, the effect of tree height on the light environment of each individual needs to be corrected before 

different species can be ranked and their distribution compared. Individuals smaller than 20 cm in 

height, which might not have experienced a dry season, or may have been dependant on seed reserves, 

were excluded from the data set. All individuals were allocated to one metre height classes (0.2 - 1 m; 

>1 - 2 m; >2 - 3 m; etc.). For each individual, the residual of canopy openness from the average of all 

individuals of the same height class provides a relative measure of its light environment free from the 

effect of height. Those individuals with positive residuals occur in more open conditions than the 

average for that height class, while those with negative residuals occur in shadier conditions than 
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would be expected on average for that height. Liebennan et al. (1995) use t-tests to compare the 

residuals of each species with the residuals of all individuals sampled. to detennine whether species 

occur in shadier or higher light levels than would be expected by chance. Species which do not differ 

significantly from the average of all individuals are assumed to occupy all available light conditions 

indiscriminately. However. this statistical method cannot discriminate between species which are 

really distributed randomly with regard to light environments from those species which occupy a 

narrow and specific range of light environments close to, or overlapping the average of all individuals 

sampled. I followed the method of Liebennan et al. (1995) to allow comparison, but also compared the 

residuals of all species to one another using multiple range tests (LSD) of a standard one-way 

ANOV A. These are effectively multiple pair-wise comparisons using a t-test for independent samples 

(StatSoft 1996) and thus result in an alpha-type error rate of 5%. Since all canopy openness estimates 

are percentages, original data were arcsine transfonned ( P'::: arcsin.JP ) to normalise the underlying 

distributions for statistical analysis (Zar 1996). Only species with at least eight individuals were 

included in statistical comparisons. Since species' response relative to the average of all species also 

varies with height, actual canopy openness preferences of all size classes of species with more than 80 

individuals are presented. Average values for height classes with fewer than five individuals are 

excluded. 

Results 

Species and size distribution in gaps and non-gaps 

In ordination diagrams of the first two axes of a Detrended Correspondence Analysis (DCA), gap and 

non-gap samples fonn separate groups, although there is some overlap (Fig. 1). The difference is 

larger for samples from the taller forests of Phinda, with a separation of gap and non-gap centroids of 

1.3 DCA units. compared to only 0.8 for Mkuzi. Each DCA unit (or average standard deviation of 

species turnover) is equivalent to a 50 % turnover in sample species composition (Gauch 1982). 

0 Mkuzl Phlnda 
3 0 3 

0 l . 0 0 0 .0 • 0 ~ • !2 ~ 2 
0 0 . 0 

0 0 06 0 • 
00 c? ... 0 

f • .2> c9 0 • 0 . 0 
.!. 00 0 0 

C\I 0...0 C\I ~ .. 
il '1 1 0 .. 0 .... 

gap samples 0 • .. 0 .. . 
6 centroid 01 gaps 0 .. . non-gap samples 0 0 

.. . 
." centroid 01 non·gaps 

0 0 0 
0 2 3 0 2 3 

axis 1 (elg. 0.42) axis 1 (elg. 0.60) 

Figure 1. Detrended Correspondence Analysis ordination of gap and non-gap samples at Mkuzi and 
Phinda. Abundance values are number of individuals per sample. Each species was separated into 
four size classes or pseudospecies for analysis (<15 cm; 15-60 cm; 0.6-2 m; >2 m). 
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Comparison of the eigenvalues of constrained. ordination (CCA) with Detrended. Correspondence 

Analysis, and comparison of constrained and unconstrained. CCA axes reveal that the bivariate 

environmental variable used (gap vs. non-gap) accounts for a substantial portion of the variation in the 

species data. particularly for Phinda (Table 1). 

Table 1. Summary of eigenvalues corresponding to the first three ordination axes 
of DCA and CCA analyses. A bivariate environmental variable (gap/non-gap) 
was used to constrain the first CCA axes (eigenvalues marked by a'!'). 

Analysis Eig.l Eig.2 Eig.3 Sum unconstrained 
axes 

Mkuzi DCA 0.42 0.31 0.22 5.13 

CCA 0.25! 0.40 0.39 5.13 

Phinda DCA 0.60 0.32 0.21 4.67 

CCA 0.43! 0.41 0.41 4.67 

The correlation of the gap/non-gap variable with the first DCA axis is relatively high (r :: 0.58 and r :: 

0.78 respectively for Mkuzi and Phinda), and this simple measure of canopy openness is highly 

significant in both CCA analyses (P:: 0.005 for Mkuzi and Phinda, Monte Carlo permutation test). It 

is clear that the species composition in four height classes (all shorter than the surrounding canopy 

height) differed substantially in canopy gap samples compared to shaded subcanopy sites. The 

densities of stems of various height classes differed greatly in gaps and adjacent shaded subcanopy 

areas (Table 2). 

Table 2. Average number of individuals of all species in gap and closed canopy samples (standardised 
to 50 m2

). Differences between paired samples were tested with the Wilcoxon matched. pair test using 
unstandardised data; n.s. P> 0.05; * P < 0.05; """ P < 0.01; *** P < 0.001. 

Site 

MkuziG.R. 

(n:: 21) 

Phinda 

(n:: 18) 

Height class 

0-15 cm 

15-60 cm 

0.6-2 m 

>2m 

0-15 cm 

15-60 cm 

0.6-2 m 

>2m 

Average no. individuals per 50 m2 (:.I.: SE) 

Gaps Closed canopy 

13.9:.1.:4.0 35.9:.1.: 11.8 

69.5:.1.: 29.6 68.3:.1.: 30.2 

29.6:.1.: 5.4 15.3:.1.: 5.3 

10.7:.1.: 2.1 15.7 :.1.:6.8 

15.0 :.1.:5.2 16.3:.1.: 6.4 

47.1:.1.: 20.2 7.3 :.1.:3.3 

9.6:.1.:2.6 3.7:.1.: 2.1 

14.5 :.1.:6.7 27.5 :.1.:9.7 

Wilcoxon matched 
pair test Z- value 
(Gap vs. closed 

canopy) 
2.154 * 
0.744 n.l. 

2.893 ** 
2.146 * 
0.213 lI.S. 

3.621 """* 
2.225 * 

3.337 *** 

At Mkuzi. the average density of small seedlings (less than 15 cm high) in gaps was less than half the 

density in shaded. subcanopy areas, while the density of large seedlings (15-60 cm) was 

approximately the same. At Phinda, the density of small seedlings was similar in gaps and non-gaps, 
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but Ehere were more [han .<ix li"".< OS m.n), lor¥c .c'C'CIling' i" g.ps tha" oon-gop', A{ both M~Uli oou 

Pbind. the disrrioo{ion of larger individuol1wa.< very .<imilor; '"[>ling. (0_6-1 m in height) were more 

"'ns. in gap'. wbile ,mail Ire" (>2 m, bm ,bori:er than the lOp canopy malum) were more Jen," 

bolow the con"py, 

Tabk 3. Average Ilumber of individuol, in of Pre/,upsis myrlifolia in ¥ap ood d",ed canopy . anlpl" 
(s{ooUordised lO.lO m'), Differenc"' botween poircu ,"mpt .. wore {o.leu with the Wilcoxoo malCbod 
poi, te>{ u,illg ull't""dardised data; ",S, P > 0.05; • P < 0,05; •• P < 0.01; ••• P < 0.001. 

Site 

Mku,i G_R_ 

(",,It) 

Phinua 

(n=18) 

Ileight cl"" 

0·15 cm 

15-60 em 

0,6-2 m 

" m 

0-15 cm 

15-6Ocm 

0,6·1 m 

" m 

Average no, individual, I>'r 50 m' (± SE) 
Wilcoxon matched 
p.Ir 10_" Z· ",rue 

Gap' C1o.>ed cOClOp)' (Gop V" clo,,'CI 
canoPY) 

8,[+2.8 10.8±3.3 1.22 1 . ~, 

44,J ± 23,5 39,3 ± ]7,2 1 .. 100 '" 

12_3±4_o 1.0",1.1 2,194 .~ 

1.0 ± 0,4 0.0 2.521 • 

1.6",0,/ 0,2 ± 02 1_201 • 

196±IO.3 2,1±1.9 3.2% ••• 

3,1±l.J 0,1 ±O,I 2,521 • 

0,3 ±O,t ,., 2.02] ~ 

11", number of indi,;duah of particular 'pecio,' ill each .ample terlded to be too low f(l{ adequate 

compari>Ofl between ¥'P' and n,-,"-¥,,£>,. HOWOYCT. it i" u,...,1iJ1 to oote that tbe mo,t ,h.oe-imoleront 

,~ic' "'- bot.h ,ite<, Pre/eopsi.l' myclijolia, tended to be coocootMeu in gap' "' all .izc cia,,",, (Table 

3). hut ",edling' (1).-.60 cm) wa-e """,mOIl in ,haded ,ubeonopy ore,,". parl;culorl)' in the ,bo<1cr and 

mO<lo opcn forem at Mkuzi, Thu, ju"enile. of eve" tho mo,t light dcmooding 'pecies in the" fore,(, 

are c"Poblo of ,un'i"l."d growrh in .ha~d enyirOllment', 

A, expected, ,,,,all trcc, "",Jed 10 be in reloEiYely low ligb{ environm.m" while larger t .... , ton~d to 

occur in {he upell (Fig, 2), T,,,,,, were di,nioo(oo in m,,<c open coouiuon for {heir sino at Mhzi tban 

in the (oller [0'0* "' Phioua_ At I>n!b <ite,. ,moll tre" greatly outnumhered larger tree" and mo,{ 

individual, hod Ie" th.n 10 % ope'" ,k)' oy<"hoau_ 

" 
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':1 , M 
!'~ 

! 
i 
i 
! , 

I :~I ~ >0. , , 
! 
i 
! 
I , 

, 

, , 
" .. .. ,.., 01''' 1· ' 

" T' ........ " ... 1. 1 

" .. ... ... 

Figure 2, Rel>tioo.hip between tr"e lleiSIlt ond Ihe percenlase of 
open c.nopy (i,e, inver.., of cover) overhe.d. [.Qw v.kle, ore in the 
.,h.,k, whilo 1 00 ~ iooicole, full ,unlight Wi~l no overheoo cover. 
All individu.l< 21) ern "00 tallor ore inolLJJeJ. 

For each tree. Iho Jiffereoce between the percentage canopy opentle" .oove thot individual llIKl tllo 

average Cl!llOP)' "penn"" 000>" all indiyiduai, in Iho ",me on" metre h"i~hl cia,,, (i.e. the re,id.wl 

from the height V" eMopy openness relatiotl,hip for "ll individu.l,) provide, " me",ure of the lighl 

enviromll<tlt free from the effecl5 of height, Tree.> witb po";tive residu.l. ore di,tributed in mo'" "pen 

conditi.:",. lhatl average whik tree., with neSOliye re,idual, ..-e itl ,bll(lier condilion, than ave"'ge, 

Residual, of tl", per<entage canopy opetl"'''' form ,lightly right-,kewed distriootion,. centred cl,,,e to 

,.ero (Fig. 3). indicming that """I individu.l, WO'" ,itu,lod in condition, of cOllOpy '>pOnne" clo5e to 

average for their I",ight. 

n 
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Chal'kT .. 

~O 

" 0 . " , 
" ; LOG 

~ " , 
2:0:; 

lOe -sc -SJ -40 -20 0 2J 40 €C ilC 1:<] , , 
, 100:;. 

, :oc 

MO 

c • .:... 
_'C J _OJ _4 ~ _2~ C ::': 4J ,f) M 1'~ ~ 

Re>OOa!ctc,r,opYope<Je"I"') 

fig .. r. 3. Frequ<ocy d15tnbution of the Te.idu. 1 of canopy 
op.enne .. for all tree. dO em in heigh!. 

All ~.idu.l, (Mlmri, n - 2273; Philida, n = 3361) were sorted acrording to 'ped ... StOlisticol 

comparison of ~de,' mean reSlduais was litruted to specie< with eight or more iDdh·iduol, (Mlnzi, 24 

spp.; Phinda 25 spp.j. One method Iu .ssessing spodes' distribution with regard to canopy openne .. " 

to comp .... the residuals of each specIe. "ith the residual! of.ll trees sampled ~smll' Student's t-teot 

(Lld><:rman e/ al 1995), As origin.l data are proportions, this w .. done using ~,d""b fi-mn OTI""", 

trmsformed data. Th ... ,~llS of thl, .oalysis an: presented m Table 4, with specie< rwed by the 

Student'> t_v~lu. Of the 24 sp<ci<s from Mlruzl, 1;"o w.re distribul.d m significantly higher light 

level., than aver~I!<, ar.d SIX in ,igmfic~nt1y lOW<T hl!ht 1.>. 1> than average (P < 0.05). Of the 25 .pee;e, 

tested from Phinda .ix w<Te in SIgnIficantly hlg~er Itght condittom Ih"" a..TOge. and seven in 

• .gruflCantly lower light condihons than .verage. TIms the null hypothe'i' wa, rejected fOl eight 

specie, from Mlruzi and thirto<n fmm Philida, 0.- 33.3~. and 52'" of the .~"" ""pecti=ly In 

multIple comporison, of !hi. kind we would expect 1.2 alld 1.25 rejectIOns ~pecth'ely lIS • result of 

type 1 error at the fi>e penenl Ie>el of I"ob.bility. 

• 
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Table 4, Mean re,idua]s (>( ,"nap)' op<lIll<" of n •• 'recio. from .oort (Mkuzi) and tall (Phinda) Sind 
Foce,{ ,i{es, Re,idual. are {be diff .... nco betwern pertentiig. op<!Ille" aoon indivIdual IT.", and the 
",'.rag. oponn.,. for all mdlvKluol, of th< some beiih\, Posibvo re,Kiuo]' arc di,lributod in ligh.ter 
condition, than aV''''lle, nell,tIn « .. duals aTe In "', dier oonditi"", dum ave"'lle, SpeOI.' wl\b a\ 1 • .,\ 
8 mdividuah ""0'1"0 includ<d, Speci<, ore mnk.d acc(lfdlllll to Student', t cotq>anng 'poCle,' reSIdua!. to 
tho .. of oU .. mpl.d tr. e, (aTe.in. m.n,fOlm<:d dat.); ••• , P < 0.00 1, •• , P '" 0.01; ., P '" 0.05, Speci., 
in bold font OCCur in both dati .. t" 

OJ,," ~ .. 
Mkuzi 'I=,e. ,,,,,,(l,,,,' , Phmd. 'PC<,e. ",.irt",,1 

, 
Ptde.p.i> "}'Tt;f~l;" 16.1 ns -8.(10'" I'rd .. p>i> ",,,rtifo/iu. N.' no -1 8.11'" 

Cml(m IlmJ;""i .. ", 10.0 ~ -~.57'· C.",}","'m ""''',,<NO< 17,2 00 -6.59'" 

Co",b,""w" "' .. :<~" " m -135 f'>Jyf"", fNlXNlnlhri "'" •. 0 '" -4.30'" 

O~h"" .rb~"" 13,7 W -1.28 HY""~K<rdia ulmoid.s " 272 _3.54'" 

PVli,1IX fiaXNUtIi>,;",o ••• " ·1.12 Gn",i. miCf'.ti'Y''''' n n -3,05" 

CMstanti,,,s '~hl<C~I<'; ·0,6 J I (, n.12 Pt"""xyl.n "hnguu", 17.6 ,~ ·2,71" 

Ily""".ca,du: "lm.iII" n,] '" tuS ,IfOn"Ii.,. j,,"miii " " ~).82 

Gr.", .. "'c'oth;,". _1-.1 " 0.23 Od"," ",!><J". 
" '" ~1.76 

N."".~;" h;",b,..~dt/j _1.4 " 0.35 Dio""", schlee"",; " " _ILl) 

Craib," zjmoucllUlnnji •• no OAn ,'{, I<I .. ,. ~i/lidNlnlilii '.0 " _0.66 

Vira f.""~n .. ·44 " 0.41 f1i", f."~x;n"" n,s " _11.48 

Wri;:Mia no,ol.n.u ·1 7 " n.41 S""'llada =, bark"., i.1 4' "ti 081 

BRloni/", ",a"~h""',; -4,7 " 0.55 Dovya& zeykerj _3 .~ , 0.81 

CalJthiu," ",,'/floro," ·8.1 " 0.65 La~""" kuia",ha _7.0 , O.S3 

/{RpI""." ~m 1I'l1/""" _5.4 , 0.67 B./a~;tn "",u~k"",jj _4.6 
" 

0.% 

M.".Ii ... aj"nodii _&.1 " OW T'ic~lJ"ia lancooia'a _33 III, 1.08 

80«'ja aibil,u"Ga ·11,9 W 1.49 Hype",c"","", q""",,,,,,, _H " 1. II 

C" .... ipiwm "'i:lm~ ·13.0 W 1.&3 ClriMr!ntlo '" !lCM.ck,,,,j _2.4 '" 1.65 

I/'''''''yl",,"a "u,l/e"us 4.0 '" 2.42' S'ry'ch" decuilala -9.4 " ~,II • 

Gardenia rom"'" ·1 L8 % <.09" lIap10cfflum i"lIe",,~ -10.5 25 2.51' 

SrryciJI •• du"".,. -21.7 " 1.91" W'ight'. """'1.,,.,/, < .• " 2.93" 

IiYi"'r~ca"'h"., mlc"""ioyli", -J3.7 • 3.45 ••• S"Y"h"~., b .... I"Ksii -&.5 '" 3.19" 

R.us z.<emzii ·2).3 '" 4.29'" Df)'P"'" "IJ!U'" -53 ~87 3.37'" 

'\"":rd"., h.n";~g.ij -30.1 " 1.86'" Todda/wl',h bm_L-pii -3,9 ,~ 3.5(1'" 

Cola g,""".wa>; _6.S 762 9.33'" 
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Sf>eCies' residuah oot 'iinitlcantly difforcnl fmm lho .. of all indh'idual' ,"mrled have \)(.en 

m["'fX"lcd W mean Ihal Ibm. "peci •. , ... e di,[rioolw '1 random with rellard to ligbt environmenl' 

(Lieberman., ai, 1999; l-ieberman ~t at. 1995), In the f"''''it' sampled for Ihi' sludy Ihi< i, nO( "'. 

case, No 'pecie, appeared to occupy the full range of .v.n.ble light environmont' indi,oriminately 

(fig 4). and "pccio' with tlleir di.<lribution in light etlVironmoni' not 'i~nifioantly differenl from 

avemge did oot occup}' a wider range of light environment' than other 'pcciol; at both ,ite, the 

van.nee, ()/' lbe,e 'peeie,' re,idu.ls we", nO( 'i~nitlcomly larger 'hon tile van.""e.' of 'pecie.' 

occurring in lignific.ntly more open 0< 'hady condition, than .,'o,.ago (ooNailed H,"t for unpaired 

,"mrle" M~uli: P = 0.14: d.f, = 22, Phind" l' = 0.16; d.f. = 23). 

" • " ! ., " 0 

f" . ., 
" -,0 , 
~ • • 
~ , "' , ., 
~ " 0 

f " " "' , 
1 , 

1 I I 
. I . I 

Uku!; G,R. 

1111 

rigur~ 4. Me.trl ""idual, of percem"ll" C'!lOpy d",ure ()/' tree 'peeio' 
from short (Mkuzi) .n<! colI (Phindo) Sand Fore'l , ite" Error column, are 
SE. error bars are SD. Specie< arc ranhld ocC()rding to Student', t 
comparing ,pedes' residual, to tho", of .11 .amplcd tree, (arc,;"" 
"",,,formed data), Spedes to tile left .nd right of the d .. lled line are 
dimibtited in ,iinif"'.ntly hilKer .• nd 'ignif",amly 'hadier condilion" 
re'peClively than averaie (P" 0,(5), 

Sinee compuri,on of 'peeie, re'iJual, with tile ""idual.' of all individual; cannal disorimin"e 

bciwoen <pccie' which arc reolly dimioo[."j randomly with rellard to liiht environmont' from tho", 

'pecie, which occupy a narrow and "pec;fic rango of li ght enviroomen{, do," to lbe averoie of .Il 

ind;vidui> s.mplod, I compared [he re,idu.ls of """h 'recies 00 tbe re,idual, of every olbor .'poc.". A 

ooe-w.y analy,i. of variance (M,OVA) of 'p""ie5' re,iduol> revoaled lbal at both lite" rosidual< 

vari."j hiihly ;igniflCandy between <pccio' (Mku,i, P _ 4x 10''': Phinda. P ~ 0: ,ee Table 4 for 

replic.tion), confimling that the di,tribtltiom of inJividu.1 tree <pecje, with rej:ard 10 canop}' oJl"nness 

do differ from ono anotller. Po,,, ho<' comp",iwn of 'Jl"0ie5 with on LSD te't, "'l.uiv.lenllO mulliplo 

pair-wi'" companIOn' wjlb the I-test for independent .'ample& (SMSofl 19%), provided a better idea 

of me degree of niche ,eparation between 'poc ie' (Table, 5 .u.:I 6). 
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Table 5. P vulues from multiple pair.wi"" comparisons of species' residual' of COllOpY ope""e" from 
MkuzL Re'idual< are the degree of c.nopy <:>pennc." abo"e trees corrected for tile effect of height 
All ,ignific.nt (P < 0 05) illler~~'i(m' are included. ,- " " 

~, • 0, • ~ . 0 • ., ~ " • • • " • " " ~ • • -',- - OOJ.OJO ,000 .00' -~ 002 ." •. 00' '" .= .OOl =.=.OOO.OOO.OOO.OOO.W: 

""""" .. ..".>iT>o, '" .0" ,010 OO' ."" ."'" "" .000 .1lOO .000 .000 ,000 .W: 

~_'UOU ~ "'" ."" .• ," ,DO' ,000 ,000 -_. " "' 0:', ,DO' ,000 .<0'.«: 
~_x .. .,_,,", .' "",roo OO>.""'.DO --"""'''''"'' "'" .'" '" .M.""'.OOO.'" 

r~-' ,000 .'" -"" -"".«>l.000.'" 

p-- M ,"10 ,00'.000 ,'" - 00' '".00>.00' -'" 
lAw"""''''''''''' "'" .m '" 00i .00'.000.00 

",..-r.,,,, __ 
~ '''.000 """ . .., 

Wn __ - • ,,,. roo.m.oo -,-' ,. ",.roo .00 

~~ ,,11 0" .ro> .""" .00< . .., - - ., " i< ___ 
000 .Il2' .: -"''' . .." .002 .IX> 

r-~ .=.02" w .-- iXJ(J ,,,,. ,W< ,'" 00' "' 
ft.,--.....-', <YJO .000 .000 o. ---
G_ """''' JUJ ."" '<:'l> .Il>' ."1>~" .m '" '" ."'" .00 

~-.,. ,roo ,000 "', ,OIl> ,W> ,OIl> "" .'10 .011 ,000.020 .0" . , o • •• 
..,,,.,.,,-""'- ""'.Wl IX».OOO."".OOO.GOO .00' .00' .00' .W< .DOl .0" .000 '" .= --"",. .. -,' 000 .=.ooo.oo'.OOO.OOQ.OOO.OOO .")1 .000.1»<.= ,'""' .to< 00. --S""""._ ,000 ,,,",, ,1lOO ,,,", ,O<J) ,IX>J 000 ,000 ,000 WJ.IX» ,00>.00< .000 -- "" ,000 ,000 

Each 'pecie' d;J[ered ,;gnincantly from fll le.<I 13.0 % of ,pecie, te,led "'- Mkuzi nnd 16.7 % fll 

?hind •. M.ny 'pecies which were not signific.ntly different from the m:.an of all iooividu.l' <ompled 

dilYered ';gnir,canli), fT(>It1 'pecic' with boIh higller a!Id lower ""iduai, of caJlopy openIIC.<S, One 

",.mp]e of n 'pecies witb n llOll-random distribution centred ne .. tile .veroge of flll specie, sampled i, 

Ciej,wnth,<.< .,chl~('h"ri, the canop)' dominant at boIh ,ite' h appear, that 1'10 'f"'Ci'" OCCIlpied nil 

.v.ilable conditjoos of cnnopy openness indiscriminately, .l!ho!lgh there is considcr~blc overl.p 

between 'pecic,. A~ain, one would expect false rejectiOll' of tile null h),polhc<i" .. ,. re,ult of type I 

error in multiple compari<OIl' hke tili,. At Mhz; 105 (i.e, 38,0 %) of276 po>,ible comparisons of 24 

,pecic.< were si~nific.nt. of which 5,25 w~TC likely to be 'f'Uriou, rejection' of the 0011 h)'pothe,i,. At 

Phinda 139 (Le, 46.3 %) of 300 po>,;t>ie combin.tion, of 25 spedes were ,ignificflnt. of which 6,95 

were likely to be spunou,. 
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T ~bl" 6. P value, from mul(iple' pair.wi"" eompari.om of 'p"eio,' rnidu.l, of O'TXlP~' 0penn." from 
Phind._ R.Sluu.l •• r. the d.gre. of canopy openne .. abo". In',,, eon~ded for lhe clkct of h<igh'_ A II 
signifio'nt (I' < 0.05) intoroctiom ,ro iocludod, 

" ~'-='~= --===,~~ --,-­
~.aE"CO~~,~."'a,~~oo, _ =oco,~,o~ 

'" "'" ,0" "" ,eo, "" ,om "'0 oco ,oc,' ,0:0 

,» '" ,,1< ,Wl "" eo, 1>" ,0" XO (OJ ,,,, ,000 

re" ,-or " . '" ,,,",, 

'" "" '" ,'" ,,,",, 
'" "'" ,W> ,00< ,"" 

'" '" ,= ,'" 
~ ,'w ,'" 

"'" ," " ,0" '" 

• ,.,. '" 
'" 'n> ,I»' ,,,,, ,<Xl' ,,,, ,0'" ,0" 

, ,m ,,,. ,,>0 ,'" 

'" DO', ,." ,Il.. .. '" ,,,) ,'>< ,,., 

'"~ "" ",. 
00:: "'" "" "'" ,""" "" 

" ,'-, ,0:' 

R,,,king aoo eomporing '"cfOge resid"als of e.oopy openne" of speci .. i, • ,,"'ful Lechnique, bUl 

rep"',"nTs a 2ro" ov.r,implilic,tiun uf 'I"::eie,' ""Lnol .tralegie, 'l'" unly 00 'I"::eie, occur helow • 

p.rticulu range of conup~' ol"::nne",. bot their "1'li,,. distribution with reg.rd to e.nopy <>penn.", may 

change", lhey grow taller (Figure, ~ & 6), SO TOnk may ch.ngo with heigh', In 'ho ,han forost' " 

\1kuLi O'ig"" ~), tl .. light ckm,nding 'l"'cio, P,.iml'.I'i.I myrrijo/ill. emton gmti.\.I'imus and 

Combretum mkliun,,. ocmrr<u irl higher lighL com1itiom than a"crago .\ all heights, ,nd \w,-e 

di<lyibuted In corxlilion, of full sunlight (elmo to 100 % caoopy opennc») al luwer height> than ulhcT 

,ped:.'" I t,,,"enoc,,,-di" ul'~OId~,' occupicd higher (han average light conditIOn> "hile SIIO!!er than four 

""'tro, in height, bUl lower Lhan a"erage oonditions ft'om four "",tre, to in m. ximum height of ,ho'" 
oighl m<"l ..... If, uimoideJ arroorod to he c'pable ui'recruiLing irl eXLycmcly operl conuiLion, rciaLiyc to 

Mher specio" and to h robant of higher lev"l, of ,haJing lhan otl",r 'peei", "hen ac1ult Ccaibia 

zimmermamd, and 8m('!Jyia,~", !",il/ernis ha ,1 a contr"ting ",atogy. occurring in lower than ",'crage 

light cm'irunmenl' wM. ,mall, yrt higher than ,,-crago light CrlYHOnn>::nl> ncar full adult ,iLC' rhe 

caoopy oomi""rll 'pec,"' Of Mhlzi. OeiJlmJlIJus "dl,,'ht~ri, appeored 10 he c.p.ble of rcctUllmg"xl 
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growing in ,.lalively ,haded light en.ironmenls when "".11, approaohing average condition • • t four 

metre. in heIght ""d above. A bm;!w range of 'tratc~ie. ocourred in the tall.r fo<e,t •• t Phinda (Figure 

6), As al Mhlzi. the tnO,tiight demanding """oie •. P. myrnjolia ond C mku;e,,-,~, ocourred in !ugher 

titan average light envirorunent •• t neorty aU height<. pjydrlll jragra"tusima. the onty 'I"'oio' uf those 

examill.d here t1w l'ecnaU largely ve~etativ.ly by me .. " uf root . uckers, had a highly variable 

dimibution, Hym,"ocardw u/moide,. although in a lower range of hght environmenT< Ihan al MkuzI. 

is ruode.,tely light dem,mJlng at Phul(\;!. occuning in , li£htly higher than average light .nvironmen!s 

utltil it tend, to be overtopped ck»e to It;.; maxiITKlm .lZe 

H}p"""cunth,,, lIm""nu.> aTe "". 11 btts whioh occurred m s~ghtly higha than avelage lighl 

environments when ,bo!!",' !han three mom., However. both """cie. occupied a 'imilar I'ange of 

abwlme !ighl envi ... orunenu al all heighls. with the re.ull that individuals taller than three melres tended 

to be m lower than a,'elase tight envirOllJl1erl;" Cieislwolhu, schlechter;' alw the campy dominant at 

Phinda, occurred on lower tban "".ra£e light envirornnent' below eight metres in height. but dose to 

""erage light environments abov. that heIght Wrighh'u nullliensi, occur. in ,ha'h., con<iioons tll>11 

a\'eroge at ruo<t heights, ToddaljQP,.is b;-E1tI~hl11Ipij, DryfH!te. arzutu . nd Cola gre~nway; repro,ent 

classi< ,lli\de tolel'ant undel"lOre}' 'pecio., and onJy OCcur in btllor Sand Fore. t.. All Woe . peelU 

occupied shadIer than average condiuom at all height" with buger individu.l. tcndiIljl to OCcur In 

,imllar .b",iute l'ilht environments (>90 .,. cover) !O .mall inJ"iduais. 
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decreased growth in this size class (see Chapter 5). Similar observations have been made in dry forests 

elsewhere, with higher seedling survival in more shady environments during dry periods (Gerhardt 

1996), and higher densities of seedlings away from gaps (Lieberman & Li 1992). Densities of larger 

Sand Forest seedlings (15--60 cm) were the same in gaps and non-gaps at Mkuzi, but more dense in 

gaps at Phinda (Table 2), a pattern typical of moister forests. Sand Forest seedlings are unusually deep 

rooted and once established may not be as susceptible to increased mortality due to higher insolation 

(pers. obs.). Saplings (0.6-2 m) were more dense in gaps, while small trees (>2 m, but shorter than 

the canopy) were more dense in shaded subcanopy areas. Apart from seedlings, which are highly 

susceptible to drought-induced mortality, patterns of regeneration in gaps appear to resemble those 

observed in most forests, albeit at low stem densities. Although certain species were distributed 

preferentially in canopy gaps, no species was completely dependant on gap-phase regeneration. There 

are a large number of gaps without any obvious cause of gap creation (see Chapter 2), particularly at 

Mkuzi. Since there appears to be no edaphic cause for gaps in the forest canopy, and decomposition 

rates of dead trees are slow as a result of the dry climate and extremely resistant wood of most species, 

it seems likely that gap turnover rates are extremely slow. 

Relatively large canopy gaps and completely shaded areas are only two extremes of the continuum of 

canopy openness. Most canopy gaps are much smaller than one metre in diameter, and most gap area 

is made up of gaps less than four metres in diameter. Even in short Sand Forest, canopy density and 

height vary greatly. The centres of distribution of Sand Forest tree species were arranged along the 

wide range of available light environments at both short (ave. 7 m) and taller (ave. 11 m) forest sites. 

No species appeared to be distributed at random with regard to canopy openness. Even those species 

that did not differ significantly from the average canopy openness of all individuals did not occupy all 

available light environments indiscriminately. Relative changes in light environment with height 

varied widely between species, indicating further specialisation. Although there is no evidence of a 

clear distinction between shade-intolerant pioneer species and shade-tolerant climax species (as defined 

by Whitmore 1989), my results indicate that the dynamics of these dry forests are strongly influenced 

by canopy openness. We can expect that regeneration and forest composition would be affected by 

changes in disturbance regimes and canopy openness. This is not simply a theoretical consideration. 

Elephant populations at both Phinda and Mkuzi are likely to increase following recent re-introductions 

into both reserves, and data from Tembe Elephant Park indicate that these large herbivores have a 

dramatic impact on Sand Forest structure (W. Matthews, pers. comm.). The opening up of the forest 

canopy that is likely to result could cause a long-term increase in the proportions of short, 

multistemmed species such as Pteleopsis myrtifolia, Hymenocardia ulmoides, Croton gratissimus and 

Combretum mkuzense that seem to be competitively superior in more open environments. 

Although tree species were distributed in different degrees of canopy openness, the range of light 

environments occupied by most species was relatively wide. Even Pteieopsis myrtifolia, which was 

consistently distributed in the most open environments, was capable of regeneration and growth in the 

most shaded environments recorded. Similarly, all size classes of the most shade-tolerant species in 

the taller forests at Phinda, Cola greenwayi, did occur in gaps. However, the truly shade tolerant 
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species, Drypetes arguta, Toddaliopsis bremekampii and C. greenwayi, occur only at the taller sites 

like Phinda. Multivariate analysis confIrms that while gap and non-gap floristic composition does 

differ, there is substantial overlap (Fig. 1). While niche partitioning of light environments in Sand 

Forest may contribute to species coexistence, particularly in light of the individualistic responses of 

species throughout their life span, the degree of overlap indicates that chance events play an important 

role. Uneven dispersal (see e.g. Reader et al. 1995) may help to prevent competitive exclusion. In 

order to demonstrate coexistence solely through niche partitioning, it would be necessary to show not 

only that tree species perform differently along the gradient of canopy openness, but that the niches are 

narrow and exclusive (Lieberman et al. 1995; Brokaw & Busing 2000). This is clearly not the case in 

Sand Forest, although it also does not seem that these forests could be considered assemblages of 

diffusely co-evolved, generalist species (Hubbell & Foster 1986). As seems to be the case in most 

forests, tree communities are determined by both niche and chance (Brokaw & Busing 2000). 

Given the inherent mistrust of most scientists of subjective visual estimates, it is important that the 

light environments in which plants are distributed be measured using more objective and accurate 

methods. These measurements need to be compared to the actual light environments of the forest as a 

whole, rather than just the average light environments of all individuals sampled. Estimation of light 

environments using hemispherical canopy photographs has major advantages; both quantity and type 

(direct or diffuse) of light over any period chosen can be estimated from algorithms utilising 

superimposed solar tracks and average weather conditions at any location (Horn 1971; Chazdon & 

Field 1987). With conventional cameras and fIlm, such surveys have been expensive, impractical and 

time-consuming. The advent of cheap digital cameras (with 1800 fIsheye lens attachments) and 

powerful portable computers able to store and process these images in the fIeld with easily available 

software (see e.g. Barrie et al. 1990) should make the collection of such data relatively easy. Despite 

this, I know of no study that has used hemispherical canopy photographs to measure the average light 

environments at all heights on whole forest scales and the individual light environments of large 

numbers of trees. Getting a camera into the canopy is less of a problem in short forests. Rigorous 

measurement of light environments should give a better estimate of species absolute distributions and 

niche partitioning, and allow comparison of species' actual light environments under different 

circumstances (see e.g. Veblen 1989). 

Conclusion 

Until very recently, light or canopy openness was assumed to have little effect on dry forest dynamics. 

Although classic gap-phase regeneration seems to be relatively unimportant and niche differentiation 

does not appear to be solely responsible for Sand Forest species coexistence, varying degrees of 

canopy openness influence the density and distribution of all species differently. Thus any change in 

forest structure is likely to influence species composition in the long term. This evidence of the 

importance of light environments in Sand Forest supports the small body of recent evidence that light 

is an important determinant in the dynamics of even relatively short and open dry forest systems. 
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Chapter 5 

The effect of naturally water-repellent soil on the germination, survival and 

growth of two Sand Forest canopy tree species 

Abstract 

. Sand Forest is a South African dry subtropical forest type with a notable lack of natural 

regeneration of canopy tree species. The existence of severe and highly persistent water­

repellency in Sand Forest soils is described. Variable degrees of water-repellency also 

occur below individual and clumped savanna trees. Two Sand Forest canopy species, 

Wrightia natalensis and Newtonia hildebrandtii were used to evaluate the effects of 

water-repellent soil and differing light environments on seedling germination, survival 

and growth in a greenhouse experiment. Under experimental conditions of moderate 

drought stress, survival of both species was substantially reduced on water-repellent 

forest sands compared to the same sands treated with a wetting-agent to eliminate 

repellency. Both reduced germination and increased seedling mortality on water­

repellent forest soil contributed to reduced survival. Growth appeared to be unaffected 

by water-repellency. W. natalensis did however have lower growth on savanna soils with 

low organic matter content. Seedling survival of both species, and growth of N. 

hildebrandtii was also lower in full sun compared to a shaded treatment equivalent to 

30% of ambient PAR. Lower survival in high light was largely a result of increased 

mortality, with little difference in germination. Increased survival in shade is consistent 

with observations that densities of Sand Forest tree seedlings are higher in shaded 

environments than in canopy gaps. It seems likely that low germination and increased 

mortality as a result of soil water-repellency could contribute substantially to the low 

number of established seedlings and saplings in Sand Forests. 

Keywords: allelopathy, forest dynamics, germination, hydrophobic soils, light environments, non­

wetting soils, seedling growth, seedling survival, shading 

Introduction 

The occurrence of water-repellent soils has been widely reported: in economically important systems 

such as catchments, plantations, lawns and agricultural systems; as well as in a variety of natural 

systems ranging from open grassland to closed forests (Osborne et al. 1967; DeBano 1981; King 1981; 

Giovannini & Lucchesi 1984; Wallis & Horne 1992; Dekker & Ritsema 1994; Scott 1994). In southern 

Africa, although the phenomenon is not well known, water-repellency has been observed below thicket 

and scrub vegetation on coastal dunes (Tinley 1985), on the sandy Cape Flats of the Fynbos Biorne 

(Scott 1994, pers. obs.), in a range of indigenous forests, timber plantations and particularly Eucalyptus 

plantations (Scott 1994). It appears that water-repellent soils are actually widespread, and far more 

common than is generally realised (Giovannini & Lucchesi 1984; Wallis & Horne 1992; Ritsema et al. 
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1997; Bauters et al. 1998). Worldwide. water-repellency appears not to have been observed in dry 

forests, although it seems likely to occur in these habitats. 

Water-repellency in soil is caused by the presence of hydrophobic plant and fungal derived organic and 

humic compounds, usually adhering to or coating mineral soil surfaces (DeBano 1981; Wallis & Horne 

1992). The non-polar organic substances responsible for the effect are complex and variable, and are 

seldom identified, although they may be characterised by method of extraction (DeBano 1981; 

Giovannini & Lucchesi 1984; Wallis & Horne 1992). The hydrophobic properties that prevent or slow 

water infiltration into water-repellent soils are generally most pronounced in dry, or near-dry soils, and 

are reduced or eliminated as water contents approach field capacity (DeBano 1981; King 1981; 

Ritsema et al. 1997; de Jonge et al. 1999). Repellency can result from the long term breakdown of 

plant litter, and has been particularly associated with the presence of fungal mycelia (DeBano 1981; 

King 1981; Bauters et ai. 1998). Heating of soil can increase water-repellency (DeBano 1981; de 

Jonge et al. 1999), but very high temperatures. generally more than 2880 C. destroy the substances 

responsible for water-repellency (DeBano 1981). Thus fires may cause or intensify water-repellency in 

soil by heating organic particles sufficiently to coat and chemically bond with mineral soil particles or, 

if hot enough, reduce repellency by destroying these substances. In addition. the steep temperature 

gradients in the upper soil profile may redistribute hydrophobic org~ compounds, which are 

volatolised at or near the soil surface by fire and distributed down though the soil where they condense 

on cooler mineral soil particles (DeBano 1981). Although water-repellency affects many soil types 

(DeBano 1981; Dekker & Ritsema 1994; de Jonge et al. 1999), sandy soils are more likely to be 

severely affected. Coarse textured soil, with relatively low specific surface area, is easily coated if 

hydrophobic substances are present (DeBano 1981; Scott 1994). Ultimately, the presence of particular 

plants or vegetation types, and history are largely responsible for the development of water-repellency 

in susceptible soils (DeBano 1981; King 1981; Wallis & Horne 1992; Dekker & Ritsema 1994; Scott 

1994; de Jonge et al. 1999). 

It is ~ccepted that water-repellency can significantly affect seed germination, plant survival and growth 

(King 1981; Wallis & Horne 1992; Bauters et al. 1998), although there are very few explicit tests of 

this assumption. Osborne et al. (1967) and Wallis et aI. (1990) showed that naturally occurring water­

repellent soils reduced germination and establishment of a variety of grass species. Wallis and Horne 

(1992) cites two instances of delayed and reduced germination resulting in reduced crop yields. Water­

repellent soils strongly resist surface water infiltration. and can be air dry a few millimetres below the 

surface even after heavy rain (DeBano 1981, pers. obs.). This results in increased run-off and uneven 

distribution of water. Water movement through the soil is also limited, and water-repellency has been 

associated with preferential flow, where water penetrates repellent sandy soils in a fingered pattern, 

instead of the more usual uniform wetting front (Ritsema & Dekker 1994). 'This effect is likely to be 

more pronounced in heterogeneous forest soil, where root channels, hollows, animal burrows and 

points of lower repellence would provide favoured pathways for the movement of water (Ritsema & 

Dekker 1994). Preferential flow can leave a water-repellent layer relatively dry. with water penetrating 

in places to allow wetting of deeper soils (Ritsema & Dekker 1994). While this could actually make 
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more water available to deep rooted trees and shrubs, seedlings and shallow rooted plants are likely to 

suffer from reduced germination, increased mortality and reduced growth, at least until water­

repellency is completely overcome by thorough wetting of the soil. These effects are likely to be 

particularly important in dry forests, where forest dynamics are controlled primarily by water (Murphy 

& Lugo 1986), and seedling mortality varies largely in response to seasonal rainfall periods 

(Lieberman & Li 1992; Gerhardt 1993; Gerhardt 1996). 

In forests, varying light environments are likely to interact with the effects of water-repellent soil. 

Unlike the situation in moist tropical, temperate and boreal forests. where germination, growth and 

survival are generally highest in gaps (see e.g. Canham 1989; Poulson & Platt 1989; Spies & Franklin 

1989; Denslow & Hartshorn 1994), many dry forest species may have higher growth and survival in 

lower light environments during dry periods (e.g. Gerhardt 1996), resulting in seedlings being 

concentrated away from gaps (Lieberman & Li 1992). Although species responses to light are known 

to vary widely (Denslow & Hartshorn 1994), there may be a general shift toward regeneration and 

growth in lower light environments in dry systems. particularly those where water-repellency occurs, 

extending (King 1981) and intensifying dry periods experienced by plants with root systems near the 

soil surface. 

Sand Forest is a dry subtropical forest type on the South African Maputaland coastal plain, with low 

and strongly seasonal rainfall (see Chapter O. Most Sand Forest occurs as small irregular patches and 

strips in a matrix of open savanna, all growing on inland sands of Quaternary origin (Goodman 1990). 

Although the sands are of identical origin, savanna soils with a medium cover of bunch grasses are 

completely freely wetting. whereas adjacent forest soils, with a higher organic content. are severely 

water-repellent. A distinct lack of regeneration by canopy trees is apparent throughout the range, 

particularly inside reserves, and seedlings of most tree species are distributed in sites of intermediate 

to low canopy closure, with very little regeneration in gaps (Chapter 4). Since the vast majority of Sand 

Forest canopy species regenerate primarily by means of seed, rather than camets, suckers or sprouts. 

processes that affect seedling germination, survival and growth are vital determinants of forest 

dynamics (Chapter 2). 

This paper describes the occurrence of water-repellent soil in unburnt and burnt Sand Forest and other 

nearby vegetation, measured using a modified water drop penetration time test (WDPT, DeBano 1981). 

I used a glasshouse based experimental study to investigate whether germination, survival and growth 

of two sand forest species (1) would be reduced by water-repellency in Sand Forest soils. (2) would 

differ between forest soils and adjacent savanna soils. and (3) would differ at two different light levels 

(full ambient light, and 70% shade). The two species used for this study were Wrightia natalensis, a 

small-seeded. deciduous, fast growing tree and Newtonia hildebrandtii, an evergreen, larger seeded 

tr:e with extremely slow growth. 
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Methods 

Measurement of water-repellency in Sand Forest soils 

Water penetration into the soil surface was studied in the field at MkuziGame Reserve and Tembe 

Elephant Park. with three transects across unburnt forest margins at each :site. and 5 transects across 

burnt forest margins at Tembe. Transects were randomly located in ar~as where the Sand Forest 

boundary was clearly defined and adjacent to open savanna, with little tree cover and soils of the same 

origin. Along each transect, penetration time was measured at 20 m and 2 m beyond the forest margin 

in the savanna, and 2 m and 10m inside the forest margin, below established canopy trees. In addition. 

water penetration was assessed in a variety of potential regeneration environments outside the forest, 

ranging from soil below isolated dwarf trees to closed canopy woodland. A standard quantity (15 ml) 

of rainwater was poured onto undisturbed, bare, level soil. This method results in similar penetration 

times to the water droplet (King 1981) or water drop penetration time (WOPT. OeBano 1981) test, and 

effectively measures the persistence of water-repellency (King 1981; Carrillo et al. 1999). Below the 

forest canopy it was usually necessary to carefully clear coarse litter from the soil surface. The time 

taken for all water to be completely absorbed by the soil was recorded with the aid of a stopwatch. 

Timing was stopped at 10 minutes where penetration had not yet occurred. This simple method was 

considered adequate to demonstrate the large huge disparity in soil water-repellency across the forest 

margin. All water penetration measurements were conducted during the dry season of 1998, during the 

first week of June. The fire that swept through areas of savanna and forest at Tembe occurred 3 years 

previously. during September 1995. The molarity of an ethanol droplet (MEO test) required for an 

aqueous solution to penetrate soil in less than 5 seconds was determined using a range of ethanol 

solutions in 0.2 M steps for three soil samples from Mkuzi. This test is suitable for determining initial 

water-repellence of soils with a high degree of repellency. and allows comparison with other studies 

(King 1981; Wallis et al. 1990). Soil samples were taken from the top 15 cm of soil, excluding as 

much litter as possible. from 10 m within the forest. These were brought back to Cape Town and air­

dried for one month before testing at a room temperature of 25° C. 

Effect of water-repellent soil on seedling germination, survival and growth 

Seeds of Sand Forest canopy trees were planted in pots in a greenhouse in a factorial experiment with 

seed germination. seedling survival and vertical growth as response variables. Three replicate pots per 

factor combination were used to evaluate the effect of : 

I. soil treatment: water-repellent sand from below the forest canopy; the same forest soil with the 

addition of a wetting agent to eliminate water-repellency; easily wetting soil from adjacent open 

savanna; savanna soil with wetting agent 

2. site: soils collected from Tembe Elephant Park vs. Mkuzi Game Reserve 

3. light: full sun vs. 70% shade 

4. Species: N. hildebrandtii vs. W. natalensis 
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One forest soil replicate (forest soil. Tembe. shade, both species) was eliminated at the start of the 

experiment as it was easily wettable. Factor effects on seedling height were tested using individual 

seedlings as replicates, rather than pots (see results for actual number of replicates). 

Soil sample replicates were collected from randomly located transects across the Sand Forest margin 

where there was adjacent open savanna on soils of the same origin. Samples were taken from 10 m 

inside and outside the forest margin to a depth of 150 mm. Course litter was cleared from the soil 

surface and no attempt was made to preserve the intact profile. In Cape Town soils were transferred to 

125 mm deep, 150 mm diameter plastic pots. A circle of 1 mm plastic mesh was placed in the bottom 

of the pots, and covered with a 10 mm layer of course, washed river sand in order to prevent the fine­

textured sands from running through drainage holes and to ensure thorough drainage. The pots were 

filled with collected soils to within 10 mm of the brim. In the treatments with wetting agent. water­

repellency in forest soils was completely overcome by treating the soil in each pot with 180 ml of 0.25 

% solution of a blended non-ionic soil wetting agent (Aqua-GROill
, produced in South Africa by 

Fleuron Universal Selected Services, P.O. Box 31245. Braamfontein 2011, distributed by EFEKTO). 

This treatment remained effective for the entire duration of the experiment, with water penetrating the 

soil surface evenly and generally soaking into the soil completely in less than 5 seconds. No change in 

water penetration times on treated savanna soils was apparent. 

Half the pots were situated in an unshaded area of the greenhouse while the other half were situated in 

an adjacent area shaded by overhanging vegetation. resulting in a 10% reduction in light (unshaded vs. 

shaded: p < 0.04 x 10'1'). Average PAR (± SE) measured above the unshaded replicates was 

I 581 ± 51 !!mol m,2 S·1 (n ::: 20). PAR immediately above the shaded replicates was 414 ± 43 !!IDol m' 

2 S'I (0 ::: 20). PAR outside the greenhouse at the time was 2232 ± 2 !!IDol m·2 S'I (n::: 10). AU 

measurements were taken at midday on a cloudless Summer day (30 November 1999) using a Skye 

Instruments Ltd. SKP200 light meter coupled to the 'PAR Quantum' sensor. Position of treatments was 

reordered in each row, so that no treatment could receive a consistently different amount of light than 

any other. 

Four seeds of W. natalensis. and five seeds of N. hildebrandtii were planted in each pot. Wrightia seed 

was collected from Ndumu Game Reserve, while Newtonia seed was collected from Phinda Resource 

Reserve. Previous trials with plump, healthy seed of both species had resulted in 100% germination. 

Wrightia seeds are small, wind dispersed parachutes (average weight ± SD: 0.022 ± 0.003 g; n ::: 20) 

and were buried at 5 mm depth. Newtonia are relatively larger and flattened (average weight ± SD: 

0.081 ± 0.013 g; n ::: 20) and were buried to a depth of approximately 10 mm, leaving some of the seed 

protruding. 

The experiment was started on the 18th January 1999 with an initial watering of 360 ml, sufficient to 

completely saturate wettable soils. Throughout the experiment only de-ionised water was used. After 

initial watering. the Summer watering regime consisted of 90 ml per pot every 2 days for the first 8 

weeks, then 90 ml every 2- 4 days. whenever more than 20% of either species seedlings showed signs 

of drought stress. This was always seedlings of N. hildebrandtii. which exhibit folded pinnae when 
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drought stressed. During the cooler Winter period (1/5/1999 to 30/8/1999), watering was reduced to 

imitate the natural cycle of Winter drought. During this period 50% of seedlings were allowed to show 

signs of water stress, and in practice the watering period was increased to 90 ml per pot every 7 - 12 

days. W. natalensis responded by shedding all leaves near the start of this period. From the start of 

September (11911999), the Summer watering regime was resumed until the experiment was terminated 

on 1811011999, 36 weeks later. My intention was to initiate germination, then maintain seedlings in a 

reasonably water stressed state, so that the effects of naturally dry conditions on germination, growth 

and mortality in all treatments could be examined. Given that temperature and humidity in the Cape 

Town greenhouse were not controlled, and that soil drainage was artificial. so that conditions may have 

differed from those encountered by the plants in their natural habitat, no attempt was made to closely 

mimic rainfall patterns and quantities in the field. For comparison, 90 ml per pot every 2 days and 

every 7 days would closely approximate the quantity of rainfall in Su~er (October - March) and 

Winter (April - September) respectively at Mkuzi Game Reserve (KwaZulu Natal Conservation 

Services rainfall records). 

Throughout the experiment weeds were continuously removed with scissors to minimise soil 

disturbance. 

Survival refers to the number of living seedlings in each pot after 36 weeks, germination is the number 

of germinated seeds in each pot. Because of the small seed size of W. natalensis, it was impossible to 

distinguish seedlings which had germinated and died from those that had not germinated. Thus 

measurement and analysis of germination and mortality for the initial 36 week period were confined to 

N. hildebrandtii, where the persistent dried radicle made it easy to determine which seeds had 

germinated. Mortality of N. hildebrandtii is the number of dead individuals as a proportion of 

germinated seedlings at the end of the 36 week study period. Mortality of both species after an 

additional 6 weeks of severe drought stress is the number of dead individuals as a proportion of the 

number of living seedlings at the start. 

AU except two N. hildebrandtii seedlings and one W. natalensis seedling germinated within the first 

two weeks. Thus height measurements after 36 weeks are considered to be growth over the entire 

period. 

Analysis and Data Presentation 

All statistical analyses were one- or multi-factor analysis of variance (anova) using the computer 

program Statistica (StatSoft 1996). Where necessary data were transformed to meet the assumptions of 

normality and homoscedasticity: penetration times in the field were log transformed (X' = 10g(X + 1) 

to eliminate heteroscedasticity; number of surviving seedlings were square root transformed 

(X'::: ~X + 3/8) where variances were proportional to the means; all mortality data are proportions 

and were arcsine transformed (P I = arcsin Ii) to normalise the underlying distribution (Zar 1996). 

All other data were untransformed for analysis. Differences between individual factor groups were 

analysed by LSD test for post hoc planned comparisons. 
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Due to loss of replicates as a result of mortality before the 6 week period of severe water stress, the 

effect of the four soil treatments on mortality could not be included in the ANOV A design. Similarly, 

the effects of site on seedling height after 36 weeks could not be analysed. 

All survival and mortality data are graphically presented as percentages for ease of comparison. 

Results 

Water-repellency in Sand Forest soils 

Differences in penetration times across forest margins at both Mkuzi Game Reserve and Tembe 

Elephant Park (Figure 1) were highly significant (Table 1), and this effect was modified by fire at 

Tembe Elephant Park. 

Table 1. F -values and P - levels from an analysis of variance of the effects of position 
on a 20 m transect across forest margin and burning on the time required for 15 ml water 
to be absorbed by soil (seconds, log transformed data) at Mkuzi Game Reserve and 
Tembe Elephant Park. 

Source of variation 

Main effects 

Position on transect 

(10 m out, 2 m out, 2 min, 10 min) 

Burning treatment 

(burnt, unburnt) 

2-way interactions 

position on transect x burning 

Mkuzi G. R. 

F P -level 

137.4 0.0000'" 

TembeE.P. 

F P -level 

125.4 0.0000*" 

25.7 0.0000·· 

10.7 0.0001" 
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a 
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ill!llde 
knlll 

b 

bumtareu 

Figure 1. Time required for 15 ml water to 
be absorbed by soils on a 20 m transect 
across the forest margin at Mkuzi Game 
Reserve (above) and Tembe Elephant Park 
(below). Data from Tembe include a burnt 
treatment. Different lowercase letters indicate 
highly significant (P :::: 0.0000) differences 
between samples (LSD test, log transformed 
data). n ::: 3 for aU unbumt sites. and n :::: 5 for 
burnt sites. 

Savanna soils 2 m and 10 m beyond the forest margin were not at all water-repellent, with penetration 

times of less than 6 seconds. Inside the forest margin at unburnt sites. water-repellency was pronounced. 

although more variable at 2 m inside. At 10m inside the margin at all unburnt sites. no penetration of 

water had occurred after 600 seconds. Water penetration time in forest soils 3 years after fire at Tembe 

was greatly reduced compared to unburnt soils. and this effect varied along the transect across the forest 

margin (interaction, Table 1). Reduction in water-repellency was more pronounced at 10m than at 2 m 

inside the forest margin (Figure 1). Water penetration times outside the margin in burnt savanna were 

not different to those in unburnt savanna at Tembe. 

A two-way anova of penetration times on unburnt sites at both localities revealed no significant 

difference (F I, HI == 0.29, p:::: 0.60) between mean penetration times at Tembe Elephant Park and Mkuzi 

Game Reserve. 
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Te",-, 00 3 air-<lry wil 'ample. freon to m in'ide 'he Mkuli fOl'tSts indica" Ih .. !he effect i. ",ITemel)' 

per,."enl, with penetrali"" limo. e"oo::Iin!! I hour. measurtd., 2~o C. The avetoge n'u>laril), of ethoool 

""""!Lorn (± SD) required lu gi,e a p<mtrarioo limo c:i Ie .. than ~ se<und, w", 2,~ '" 0,1 M (n = 3), 

equi,alent 10 . 11, I ± 0.7 % ,I, ,ulution. 

The dfee" <>f both ",il n'e.tmL.,,' ond light un >cedling 'UIV;,o.\ lIi\er 36 weeh were hIghly ,ignifo<:aT1! 

(Table 2), while lbc:re wa. "" . ipliiicl1II1 difference in ,ur.ival 00 so;l, fwm the IWtJ differemlocali,le. 

or btlw""" W. ",,,al_,,,,;, and N. hild_bramllii-

Table 2. F· " ..... , and P - level, fwm an ~n.ly.i' <>f van""", uf the dfec" 
.oil In:o.''''''nt, hgh' trcatrt'lCn!, , ile oo;j spocies <xl <ccdling ,ur.ival 
(,"edling'llpm, >quare ttxJI tran,[urmed), N'u inter"",iuns Were ,igniflcant (p 
,. 0.05, all p were in foct" 0.1 8). 

Source of v.riation 

Mmn . .tlic.ru 
Soil trealmont (in, out, in + we" oot + wet) 

Light (un shaded vs. shad<d) 

Lxalil), (Mkuli C.R. v •. Tembe E,P.) 

Sptcie" Wright;'" v •. New!lmia 

! 
I , , , 
1 

" e., 

'0 

[1.3 

P _ level 

0.33 

0.59 

Hgure 2. Scedhng 'lUrviv", after 36 weels fur IV "",a/ens;, (0 
ond N. hild<brandtii _ un differenl ,uil !rc.lrnon1>, Sur.i>al i, 
exp"',-'od '"' OIl .. e .. gc pctcrntagc (± SE) <>f !be nu",btr of ,"cds 
planted, Seedling. were i ra",-, on 4 ,oil treatments, [",",I soil - "",iI 
taken fr",n below ... ooli,hed [",e" can"l'Y (n = II for e.oh 'p.l: 
"",ann •• oil- ,,,,I from nearby "P"n ",'.nIl. ore. (n ~ 12 fm eo.ch 

"P,)' fore" .. wet!ing og""t _ f"''''t ""I with lho od<i.Jti"" "I' • wetting 
.~eT1! 10 eliminate hydmpllobr (n-12 fcc each 'p.): ",,,.rma" wetting 
.gent _ >a,',,"na ,,,il wilh wctting agent (n_ 12 for eoch 'p.). DifferL."t 
luwcrco", Ictlet'll hKlicolc highl), significanl (p < O,M) difference. 
bL"twecn 'nil l)'peS, with data [rom both specie, analyso::l toge!iltr 
(sctdli!li>'ro<. square roo' tran,f(JfTTlod). 
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Th' nunm.r of Ii Ying "edling' on tl'" wot"'-rtp"II,," f(lf",1 .ail .fler 36 w"ks w", ,ignificaolty lower 

th~n on "ny <If lhe other , oil tre.,menl, (Figure 2). Of th e N. MId.brandtii ' eedliog', ()% WOrt aliv, 00 

watet-repell en, fOleS! ,ands. compared to t..tw e,n 30% .00 42% on th' f",ly wetting fore" and 

<aVOJln~ 'oil trealmeo". AllMugh W. natal,m'" had approximately J6% .,urvivat on wat.r-repellen' 

[(lfest soil., thi' wa, >ignificantly low er lhm' ,urviv.1 00 the easily w, ning trearrrent" Dilforeot light 

tremmeIC al.., had a I""g' eff,ct on ,u,,'iv.J (Figure 3), Seedling ,urviy.1 w'" highly <ignificanlly 

reduc,d in full ,un comp",ed 10 the ,hoded trealmO"l, aod (he eff""l did"", >ory acros< .«>illr-.tment' , 

Alth oogh , urviyal of W nma/en"" Wa' ,lighlly higher tru.n thai of N, hildebrand!j; in rn:>,l f""ror 

tr."tme"ts, thi s differ<ll<:e w~, oot .ignificanl 

~ "I • 
I ", 
j " , , 

" , 
I " , , ,.', "" ..... 
FIgure J. s eldlin~ ,urvival .fl", 36 "'e,k, f(lf 
W. nalalensi, ( ') .00 N, hildebramtlii ( [ill ) 
.<ubjec!cd to two diffortnt Hght (natments, Survival 
i, e, pre,;" ,d", an ,vorago pcrcoOL>ge (± SE) of the 
number of ""ed, pl.nted. The light lreatmcnl' aTO: 
full sun - pot, ill open greeohou8e exposed to full 
ambient ,ullHghl (ll = 24); ,ru. <ie - po!' in , h.ded 
""a 'xposed to 'pprmim.tely 30')', of .mb;'nt PAR 
(n _ 23), Differtnt Iow er<:a," 1,1(e" illdk.te highly 
,ignifICarl (P < 0,005) differeI"'", t..tw.en light 
trealment" with dola from hoih ,pecic., ~naly,od 
together (,"edliog8lpot, <quare root tTao,formed), 

0ermina,jon and Mortali,y 

Survi Yal. the number oi living ,"edlings, rt,ulr. from two p"""""''' ,",d g.rmination "nd ,oedling 

mortality, Both germination and mort..Jity in N. illld,brandlij w.", highly .<igoiflcanlly aff"'ted b), <oil 

treatme nt (T.bl e 3), Light had no effoct "" germin"lioo, but did h"ve a ,ignific.nt efrecl on seedling 

mort..Jily Tho localilY from whi<:h It-c soil was coll"'ted hOO 110 effocl On eilher germination or 

mort.lily, TIlere w., 110 ,igllilic"r;. intc,"clion belween f""tOl.< for germin.tion or m)[1.1ity. 
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Tab!e J. F - ,'a!ue5 and P - levels from an analysis of variance of the effects of soil treatment. light 
treatment and ~ite un N, hildebrandtii . ,,,d germination (00, .eed<lpot. unlran,forrne<i) and ",edling 
m(>rlality (proportioo of germinated ,eedlings/pol, "rcsiJJe tr.ro;furmed) after a j>eriod of 36 weeh. Nu 
interactions were ,igniftcant (I':> 0.05). 

Germination Moo:otity 
Source of varialion F P -Ieye! ,.' f' - level 

Mai!! etIsM> 

Soil Ir .. tment (in, oot. in + wet, out + Wel) 15 il,ln )(; " 6 .. ~ OHI17 

Light (un,haded vs. ,hoded) 0,41 0.52 U DO L; 

I~",ality (~~u>j G.k. "" Teml>e E.P,) '" 0.11 OAO 0,53 

Re<i""ed germination .J><! incre"ed mOftality both """moote to low ,eedling ,"",iv"1 on water­

repellent fvr"" <uil, (Figure 4). 
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Fi~ur. 4. Germination ("bov~) aoo mortalily 
(~Iow) Qf N. hili/.bruni/,;i un foot differenL ';Oil 
creatmeni;,. o.rmiOil,ion i, cxpr""od "' an 
"ve,"~e pcrcealago (i SE) of the numb<r 01 
seed, planted. MQrlalily i, expre""ed ., an 
.¥era~e per~ntage (i SE) of germinated 
,,"edlin~<_ Soil [tea{me"!' are: fO=1 <Gil _ <oil 
token (Will below .. 'tablished f()fe'il conopy (n = 
II for ea<h 'p.): ,annna .oil- .oj] fWIn neamy 
open ' avfU1"a area (n = 12 fo< ea<:h <p.); forest + 
we!!in!: agelll- r"",,( soil wj!h the addition of " 
wcUing "gelll 10 eliminate wateHepelkacy 
(n=12 lor "a<:h 'p.); , ,,anna + wel1in ~ agent_ 
,aWUHla soil wilh w'ltin~ .~ellr (n=12 for u;h 
'p.) , Differe,,! low"rca"" leners indicate 
significant (p " 0.05) dillerence, between soil 
lyl"". 

Altllou~h ~ermin'liOll "' .. ,ji~htly higllor in lite <had" compared 10 the full ,un Ire.tmenl <}"gUTe 5), 

tIIi< effect i< ,wi ,ignir.cant (Table 3). Mortality is ,ignif",.ntly higllcr in full <lIn compared 10 

trc" m.cnts "","iv;n~ "pproxima'",y:lO% of ambient PAR 
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Figure 5. Gorminalion (.bove) .nd 
mortality (below) of N. hildebrandlii 
' UbjoclOd to two diff",om light 
treatment" Ge rmination i, exp,e,sed ., 
an av",age porC,,"L1go (± SE) of 'ee"" 
plamed. Mortality i, expre,sod as an 
.ve"ge percentage (i SE) of 
germinated ""edlinll" The light 
u-oalmenL, """ full ,un - pot' in open 
greenhouse exf"J""d to full ambient 
, unlight (n = 24); >hade - pots in 
,haded ",ea e~po""d to approxim.tely 
30% of ombiem PAR (n = 23), Different 
lo","ero"," leuef3 mdicate significant (p 
< 0_05) differe"",.' between light 
treatmonll; 

S",:Hing heigbts ","" .reasured oft" 36 ,,,,,ok, uf gn>wth 'Tho ,e,pon_'" of -"'edlinll hcillhl '" both .«>il 

. nd ligbl ''''al"",nt, _<-howed significant inte,octi"", with 'pede; (P = 0.0065 ;md P ~ OJ123 

""p"di"eiy, log tr'n'futrne<J dam), indicating that N. hilJebrl1Jj(llij aoo IV, nalalensis ,e'ponded 

dift""'nlly to lbo_", f""'Of"_ E.oh 'ped,,' re'ponse wa, therefo<e analy",d "'parately, Lo", of 

"'plication '" a 'e,ult of mortality precluded the ",_,tinll of ,,'il loc~lity effect in either anon de., ign, 

H'ights of W, 'latai_nsjJ varied _,ignir.cantly on diff"ent soil treatment, (Table 4), with significantly 

t. lle, "",d1inll' on ""ottinll and non-",",uing foreS! soil coolp.",d to savanna , oil, (Figure 6), 
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W AThR·REI'EU-E."'T ,OIL IN SA.'<D FoR8>T 

TaN.4. F· yal"",.nd p. leyd, f",m an"ly.i, orvariJnce of the effect. of . oil treatme nt .nd ligh( On 
seedling ""ights (mm. untransfooned d.ta) of N. hild,brandtii and W. 11(ltalm,i" .fter]6 weeb. No 
inte"""io,," ",Ore ,i~ni ~icanl (P > 0.05), 

SOIJCCO ofvoriation 

M~jn effects 

Soil tre01rnent (in, out, in + wet, out + woil 

N hildebrandtii 
F P - level 

0,12 0.55 

W. nawlen.iJ 
F P·kyd 

~,I O.r~lIll~ 

Ligh[ (unshaded v •. shJded) I iJ" 0.24 0.63 

M • • • 
-3::, '1 w,~" 

'" 

'" ~ ~ 

""" I iJI " 
I "" , , ' " 
t • 

, .., I 

I f N, .. """ 

'" 

'" 

" =l ,I ---:r 

·"i l"" .. " .. " , 
I", .. , """"" ,"' .. ,. "'''''' ' . ,. ,. 

wet'~1 wet'i'g 
,,~ "., 

Figure 6. Heigh{, of N, hildebmndJii (top) and 
W. 11(lla/en.,i. (boitom) ,",odling, .flO, 36 w<:e~, il<1 

fOlJr differetlt ,Gil tre01ment:l. Soil treJtmenls are: 
fO«:<l soil - soil taken from below o'labli,hed 
fore." canopy; ,"v.nna ",il - 'oil from ""a,by 
open ",,,,,,nJ ore.: jocc.,t + wetting agem - fot"'[ 
,oil with the oddi{ion of • we1!ing .gent to 
elimin"'" w.ter·repclloncy: ,.yann. + we1!ing 
.gent - ,""anna gail with wening "gent 
Ditferenl k,werc.so leUo" indic.1e ,ignitic.nl (P < 
0,05) ditferon<;e.< bet"'OO" <oil tyPo', F.n-or bars are 
standard error, 

W. nmaiensis seedling. 0" ,"vanna ..oi], were ,(Utlted and chho!ic in appearance. while those on both 

forest .<oil treatment, looked healthy JOO noonal, :or><! were 65.8 % t.lIer, In cont'"'t, N. hildebmndJii 

"" 
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height' did not vary <ignific.ndy in respon'" to iiQil trea{m",,{ (Table 4),.nd liule dilTerence between 

plam, on forest and ,avanna ""iI, w .. < apparenl (3.4 st, Figure 6). 

Conver.ely, {hen: w,," almo.{ no dirrerenc, « ! %) between IV nalaltns;s .eedling hei~h{, i" lull 'Un 

and <ha~ (n,.,. Tattk 4), whil' N. hildebrandlii ,eedling' were ,ignificanlly lallot (42 %) in ,hOOed 

treatments (Figure 7), 

Discu.sion 

o I 
--

Wrlghtl' 
0 . , 

- ---
, . 

'" 
0 

n • 24 ,.. 
0 

0 • , 
II~Wllonil 

• 
, · ' 

, , 
n • 21 I n • ., 

• lull "un 

~'l~ure 7. Heigh{, of N. hiidebmmilii ({op) ond 
W. ')atalm,i.! (botlom) ""edling, aller 36 week' 
below lwO dilleren{ lighl {reatm."", TIle li~ht 
treatments ""', full ,un - pot, in open 
greenhouse exposed {o full ambient sunlight: 
,hook - pots in ,h!l[led =a expD.,ed {o 
aPPfoxima{,ly 30% 01 amhient PAR. Different 
klwerc""o leU"" indicato ,i8"iflcan( (p < 0,03) 
difference, be{weon li~h{ tre.tmem,. 

Waler .r'rdltm soils in Sand Fa"'.,'1 ami <~rraundinl! vqelm;on 

Allhough walor·repellenl wil' "wear to be widesprwd world.wide, thore "em 10 have been no 

publi'hed oo"rvatio", of water-repellonce in dry forests. Sand Fore,{ ,oil, exhibit severe and 

extremely pe"i'tem woteT·"'pell,ncy. At iO m insi~ {he rOre>l margin, wale' pe"m.!ion lime, 

eoo,i.'lOntly ,xctt&d an arbitrary rrJea<uremonl period of 600 ,"conds in me dry ,e. ,on, ~-ompl!Ied {o 

pe~!rOlion lime, of a rew ,eroods or l'" in adjocent '.V.lIIlO sand" On oir.J<y ,oil from {he Mlu,; 

fore,{, tested in the Ia\>::oralory, pe~lT"tion times v""'d between appro~imately SO minute, and 170 

,m 
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minuto" Elh.ool solmion, of 2,~ M to 3.0 M wore required to redoce penetration ti""" below 5 

,econd< on Ule <Orne soil<, e4uivalent to a 96' to 9]' ",Iid/waler contact anllle, and indicative of "Y'l'e 

,"p"il,rICY (Kin, 1981), The f",ld p"""trOlion t,<I, indicate that water',"p"llerICy in the .. dry fo,"", i< 

wi<k,[<""<!<J, c><;curring in two "'pantt, or'a' ,"pw'entinll differerll Sand forest ,uhlypes, Mkuzj Game 

R""'rve (We'Lem Sand Fore")' and Tembe Elephant Pork (Eastern Sand Forest). Sand fore.m al 

Mkuzi Game R,,",,'e grow on [h, olde.« palaeo-dun'" on ~'" Mapull1land Plain. w~h deep orang' and 

red ,and" while the Tembe site h'" some of the younge't dunes ,upporting S.nd FO'"'t on orange to 

p0.le yellow and IIrey sand, (,"" Chapt"" I & n Similar leveh of waLer-repeliency occur in oth", 

Sand FOl'em in the ,"gion (per<, ok) 

A wildfire at Teml:>c Elephant Park ,uootantially redl!Ced water pen.tration ti""" on burnt foresl ,oil" 

but h.d no eff,ct on f,",ly wetting ,,"vanna soil" Fir .. that burn into the" fa,"" patche, ore extremely 

unusual, and .Itllough the high wmperatures involved h.YO reduct:d water-repellency a, the ",il 

,urfac., hydrophobic ,ubstance, may hav. been transported down the ",il profil. and ,"vere 

repellency could purs;'r or e,"n be in"",ified in d'epo' ",il layer> . It is notewonhy thm three ye." 

after the Teml>e rlre, there w., virtu.lly 00 recruilmen! by tree ",odl.,g, inm bumt fom;t palch", (,ee 

L'h'jXer 2)_ Thi, may be the resull ollliCk of "ed, lack of ,hade, compelition with weedy gras,es. or 

tl'" peTSi,,,,nc, or e",en merea" of w.tet-repellenee in deeper soH layers, However, it ,eem, unlikely 

that fife i,. mechani,m for fore't rege""'.tion th",u~ redoction in cover.OO ,oil water-"peil'rICe, or 

that tire play' any rolo in the d'Y,lopment of ,",Vet. water-"pelleocy in fure.\l ",iI" 

Effect oj waler-repdle", 1Oil1 on furvi",l, ~erm;nQt;OI1, mortality and ~I'owth 

The <triling lack of seedlings and ,aplings of canopy tree, in Sand Forest is mtice;oble Ihrougoom the 

range. but is h..-d to ""count for_ Dunn, th" wet Sumomr gro"th sea,on. numbe", of smail soedlinll' 

can t>;, hillh, but lhe", do not ,urdve (,ee Chapter 2), There i, • complete 'pectrum of re~enet"alion 

environment' .vailable, from c"".d c.oopy f"''''t to a Tanlle of ",p sizes_ E" en lar," ",ale o!",nings 

cau,od hy flr" resulr in n.llli,ible "'lIeneration, While heavy brow'ing pre"u," by antelope in 

con",,,ed .reas are likely to nxluce d~mit"" of larger ,oed1inll' and ""piing> (>eo L'h.p!.r 2), the 

experimerllal evidence p""ented here indicate, thaI ,everely water-repellent soH, play an important 

role in reducing , eoo gC'Imlnotion ond i"",o.,in, <ce<Jhn~ mOrlalily, lhu, reducinil overall ,urvival. 

After nearly" mon[hs of ~rowth under condi[io", of moderate water 'tre .. , ,urvival of both 

W, natale",;, and N, hildebrandtll w", subst.rIIially lower on water-repellent forest ,oil lh on on the 

,"me ,oil tTea-Ied with a ,.-t[ing agent 10 diminate water-repelleocy, SUI">'ivol of W. f"'/a/en,;, w'" 

reduced by approximately 60 %, while ro ""odlings of N, hildebrand/Ii ,urvived on the wa",r.repellent 

",ii, altoou~h ditJerences between th' lwO <peeie.< ",.re rot ,illnifLcant. '11" red""lion in ,urvival in N, 

hildehrandli; re,ulted from both low germir\iO,ion.nd inere.",d IT>OnlOlity on w.ter_repollent fore<l ""il, 

I expected th.t ,eedling gmwth woold abo be reduced by lower water availability in water'''pellent 

,oils, In the fleld, this would d",,,,,o,, the lihlihoo<,l of ,,,dling' txcoming e'tabli,hed durin~ 

favourable period" and lengthen the time peritx! that small plant:'; are e'l""'ed to herbi"ore.\_ I found 00 

evidenee of thi. oowever, AlthouKh "ertical heighl< of both 'tudy 'peeie, were 'lightly lower on non· 
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wetting forest soils than on forest soil treated to eliminate water-repellency, differences were not 

significant. W. natalensis seedlings growing on savanna sand with low organic matter were 

substantially shorter than those on non-wetting and wetting forest soils with higher organic matter 

content and appeared chlorotic and nutrient deficient. The heights of N. hildebrandtit seedlings, with 

much lower growth rates, were very similar on all four soil treatments, with growth apparently 

unaffected by soil organic content or wettability. This species (Family: Mimosaceae) is a nitrogen 

fixer, and thus may not respond to differences in nitrogen levels. 

Effect of soil origin 

Experimental soils were taken from both Mkuzi and Ternbe in order to evaluate differences due to soil 

origin. There was no difference in survival, germination or mortality on experimental soils from either 

site, nor interaction with any other treatment factors. It seems that the effect of water-repellency in 

Sand Forest soils is similar within these two forests representing the major Sand Forest subtypes 

(chapter 2). 

Evidence for allelopathic effects 

Matthew et al. (2001) and van Wyk & Smith (2001) have suggested that allelopathy in Sand Forest 

species may affect plant germination, survival and growth in Sand Forest soils, and is likely to playa 

role in the formation of the distinctive rings of bare sand on the margin of Sand Forest patches in the 

Tembe region and southern Mozambique. Matthews (pers. comrn.) has even suggested that aUelopathy 

may affect Sand Forest tree regeneration, contributing to the conspicuously low densities of seedlings 

and saplings observed in conserved Sand Forests (see Chapter 3). If aUelopathy were widespread in 

these forests, germination, survival and growth would be reduced on both forest soil treatments 

compared to savanna soils. I fmd no evidence of this. Germination, mortality and overall survival of 

both study species is not significantly different on the savanna soils compared to the forest soil treated 

with wetting agent, and growth of W. natalensis is actually higher on forest soils. 

Effect of wetting agent 

Although soil wetting agents are potentially phytotoxic and can reduce germination and seedling 

growth, this may be reduced when these substances are adsorbed to soil (Osborne et ai. 1967; 

Miyamoto & Bird 1978). Throughout this experiment, there were no significant differences in 

germination, survival or growth between the easily wettable savanna sands and the same soil treated 

with a non-ionic wetting agent. Thus any effect, apart from a reduction in the non-wetting properties of 

water-repellent soils, can be ignored. 

Effect of shading on survival, germination, mortality and growth 

The widely varying light levels in moist forests are known to result in differential growth, survival and 

thus distribution of many species. In contrast, dry forests are assumed to be too short and simple in 

structure for light to be an important determinant of ecosystem processes(Oliveira-Filho et al. 1998), 
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WATER-REPELLENT SOIL IN SAND FOREST 

and the importance of canopy gaps in the internal dynamics of dry forests is unknown (Mooney et al. 

1995). 

The two Sand Forest tree species studied in this experiment both responded to different light levels. 

Seedling survival of both W. natalensis and N. hildebrandtii was substantially higher in shade (approx. 

30% of ambient PAR) compared to full sun after 36 weeks of growth ~der conditions of moderate 

drought stress. Low survival of N. hildebrandtii in full sun was almost entirely a result of high 

mortality, rather than any differential germination, indicating that plant stress due to increased heat 

loading and evapotranspiration, rather than direct water loss from the soil surface is probably largely 

responsible for the effect. The response to light treatment did not vary significantly across soil 

treatments, possibly as a result of the very low number of seedlings surviving on water-repellent forest 

soils. 

Different light levels also affected the growth of N. hildebrandtii. Seedlings grown in shade were taller 

than those in full sun, although there was no similar effect for W. natalensis. 

Although both species would be expected to be fairly shade intolerant from their leaf characteristics 

(Midgley et al. 1995), the results presented here suggest that in the relatively dry Sand Forest 

environment, moderate shading could reduce mortality and increase growth in sman seedlings 

compared to completely open environments. 

Conclusion 

Within the forest itself, it seems likely that regeneration of all but the most drought-tolerant seedlings 

would be severely reduced by the water-repellent properties of Sand Forest soils. The few seedlings 

that do manage to germinate and survive in these soils are likely to be vulnerable to any factors that 

further increase stress, such as excessive browsing. Lower survival in high light environments under 

conditions of moderate to severe drought, may also explain the observed absence of regeneration in 

canopy gaps (Chapter 4). With a naturally low annual rainfall and a lengthy seasonal dry period, the 

decrease in available water near the soil surface caused by water-repeUency appears to be a major 

contributing factor to the extremely low levels of regeneration observed in Sand Forest. 
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AN'llli)I'E B~()W"NG AND SAND roo'ST ~OCRUlTME~ 

I" .,e I . Browsma ~ Nyol .. Tl'Cigeiaphw. =gill;;. and It. impaL~ on Sand Forest- CI""rni .. from lOp 

I,ll. (I). (2) &: (3): N)'ola browse on foIi'lIe from iIlOOnd I~'wlto a bdgh! of awoximatcly LS ro. N_ 

th;: 'topiary' dr.:c1 on tho .mub in the middle image caused by """""ted brow,ing. (4): Clear t«lW5C 

lin<: 00 • 10" bnmch Mill< ""trrmely (U!Ol3hle N'-""""ia hild.bradlii, (S): Where brm'''1li: pn:»un: i" 

"'!reme~' hil\f1. as in thi, "'" III FiObc Bay I'lirk.. both the groWl<! and undcmorey loyers are 

dramatkolly offecje,J ond 00 rOl\<r.eralion by oampy Iruc.'; i. possible . (6) In the ab>ence of bro,,~ini, 

WKie<:>lorey "egetolion;" typicolly more dense than is usually observed in any <:m""",<:d =a with high 

de""iti .... oj' lJIl8ulate ~ Thi, photograph WOO taken in • proieCtcd orca wiill "'''' ""Idopc 

<k:ruiti<S, immediKleiy adjacent to Fal.., 80) Park, ond MI more !bOIl 1 <m from lh< site pktured in 

im"l!< (S), 

,., 
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Chapter 6 

The impact of browsing by antelope on tree species recruitment in Sand Forest 

Abstract 

When I asked if I should be sure to see some, they replied, " The 

imbala-intendi (the local name in this part of Amatongaland for 

the inyala) is very cunning; he lives in the very densest jungle, and 

never comes into the open except at night; he is very cunning; he 

is a witch is the imbala-intendi." 

from: F.e. Selous (1908) 'African Nature Notes and Reminiscences' 
quoted by Anderson (1978) 

Nyala Tragelaphus angasii are the largest and most common antelope in Sand Forest, 

but impala Aepyceros melampus subsp. melampus, red duiker Cephalophus natalensis 

and suni Neotragus moschatus may also be important browsers. I found that in two 

conserved areas where these animals are common, saplings (0.5 to 2 m height) of the 

Sand Forest canopy dominant tree species, Cleistanthus schlechter; and Newtonia 

hildebrandt;;, were absent or scarce (densities lower than 0.07 per 100 m2
). In contrast 

sapling densities in a defaunated but otherwise undisturbed Sand Forest site were 

significantly higher (approx. 2 saplings per 100 m2
, p < 0.0001 for both species). 

Seedlings of both species were present in conserved areas indicating that differences in 

sapling densities are not a result of processes prior to seedling establishment. In two 

conserved areas, recruitment of woody species was strongly negatively correlated with a 

species-specific index of browsing pressure, with the lowest proportions of juveniles in 

popUlations of the most palatable species, such as the canopy dominant C. schlechteri 

(Phinda: R2 = 0.44, P = 0.005; Mkuzi: R2 = 0.62, P = 0.002). After six months uncaged 

planted two year old seedlings of two common Sand Forest tree species in a conserved 

forest had grown significantly less than caged seedlings (p = 0.0018). No differences in 

mortality were detected over this time period. I argue that the evidence presented in this 

paper/chapter indicates that current levels of browsing pressure in Sand Forest will cause 

undesirable long-term changes in forest species composition and structure and 

recommend localised reduction of antelope popUlations in currently conserved areas. 

Keywords: browsing, herbivory, recruitment, seedling growth, seedling mortality 
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ANTELOPE BROWSING AND SAND FOREST RECRUITMENT 

Introduction 

The importance of ungulate browsers in dry tropical and subtropical forest$ has received little attention 

(Dino & Dominguez 1995). However, browser biomass in dry tropical forests can exceed 2000 kg km-

2 (Karanth & Sunquist 1992), substantially higher than average values of 300 kg km-2 in lowland rain 

forest (Coley & Barone 1996). Even when total leaf damage caused by ground-living browsers is only 

a fraction of the damage caused by folivorous insects and arboreal vertebrates (Janzen 1981; Coley & 

Barone 1996), browsing can affect recruitment, changing forest structure and composition over time 

(Coley & Barone 1996). Reduction in seedling growth and survival caused by terrestrial mammalian 

herbivores has been observed in a few African tropical dry forests (Tsingalia 1989; Swaine et al. 

1990), but appears not to have been noted in dry forests elsewhere (e.g. Gerhardt 1993; Dirzo & 

Dominguez 1995; Gerhardt 1996). 

Many tree species in conserved old-growth Sand Forest, including the canopy dominants, Cleistanthus 

schlechteri and Newtonia hildebrandtii, have size-class distributions that. suggest that recruitment is 

greatly reduced by ungulate browsing (see chapter 3). Trees shorter than tWo metres are vulnerable to 
, 

browsing, and precisely these size classes are underrepresented or absent from tree populations. The 

great majority of dominant Sand Forest tree species recruit entirely from seed, and often the presence 

of seedlings indicates that neither seed supply nor establishment is limiting. Similarly all species appear 

to be capable of continuous regeneration and growth in the range of environments available, from 

closed understorey to small canopy gaps created by tree death. Other circumstantial evidence, from the 

visible pruning of palatable species, to the presence of a distinct browse line at 1.6 m, indicates that 

ungulate browsing may be responsible for the low recruitment of many species (pers. obs.). 

In temperate coniferous and broad-leaved forests, primarily in Europe and North America, the effects 

of ungulate herbivory have been well documented. Much of this research reveals the potentially 

negative effects resulting from high ungulate densities. Intensive browsing by various species of deer 

has been shown to suppress the regeneration of palatable tree species (Sbimoda et al. 1994; Putman 

1996; Van Hees et al. 1996; Cornett et al. 2000; Zamora et al. 2001; Kuiters & Slim 2002; but see 

Mladenoff & Steams 1993) and reduce seedling diversity (Liang & Seagle 2002). Long-term effects 

can include undesirable changes to forest structure and composition (Anderson & Katz 1993), such as 

reduction in abundance or loss of tree species (Ammer 1996; Gonzalez Hernandez & Javier Silva­

Pando 1996), loss of species from the ground-layer (Rooney & Dress 1997), and reduced songbird 

abundance and diversity (deCalesta 1994). However, ungulate browsing is a natural feature of many 

forests, and moderate browsing may also act to increase diversity by reducing competitive dominance, 

or opening up the forest understorey (Putman 1996). 

In this chapter I investigate how browsing impacts recruitment dynamics in Sand Forest, and whether 

this could have an effect on forest composition, structure and function. Specifically I test the following 

predictions: (l) that browsing by ungulates is primarily responsible for the very low levels of 
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recruitment observed in the two most dominant Sand Forest tree species in conserved areas; (2) that the 

proportion of juveniles in tree species' populations is negatively correlated with browsing pressure on 

those species; and (3) that levels of browsing experienced by unprotected palatable seedlings in a 

conserved forest would increase mortality and reduce vertical growth compared to seedlings protected 

from browsing. 

Ungulate browsers in Sand Forest 

All four antelope occurring in conserved Sand Forests in northern KwaZulu rely on browse for a 

portion of their diet (Table 1.). Nyala are the largest and most common of these. and likely to have the 

greatest impact on Sand Forest. Forests form an essential component of their stable home ranges 

(Anderson 1978) and, except when fresh grass is available after rain, browse in the form of leaves and 

twigs forms the bulk of their diet (Anderson 1978; Skinner & Smithers 1990). Even when nyala graze 

in grasslands or open woodlands (Anderson 1978), they shelter and browse in Sand Forest during the 

day (pers. obs.). Male nyala can reach vegetation as high as two metres above the ground by standing 

on their hind legs, but most browsing seems to be concentrated from ground level to 1.5 m (pers. obs.). 

Impala are smaller and favour more open environments than nyala (Skinner & Smithers 1990), but do 

shelter and feed in Sand Forest (pers. obs.). Browse in the form of leaves and fine twigs can form up to 

49 % of their diet and like nyala, browse is a more important component of their diet during in the dry 

season (Skinner & Smithers 1990). 

Browsing by smaller antelope may also affect forest seedling and sapling growth and survival (e.g. 

Tsingalia 1989). The diminutive red duiker and suni are both associated predominantly with closed 

canopy environments (Skinner & Smithers 1990), and spoor, dung middens and sightings can be 

relatively common in conserved Sand Forest (pers. obs.). Red duiker eat leaves and fine stems in 

addition to fruit and flowers (Skinner & Smithers 1990). Although the tiny suni antelope feed 

predominantly on fallen leaves, they will eat growing shoot tips (Lawson 1986) and could therefore 

impact seedling growth and survival. 

Table 1. Summary of mean mass and diet of common antelope in Sand Forest (from Skinner & 
Smithers 1990). 

Nyala, Tragelaphus angasii, males 108 kg, females 62 kg, predominantly browsers, fresh grass when 

available 

Impala, Aepyceros melampus subsp. melampus, males 55 kg, females 41 kg, mixed grazers and 

browsers 

Red duiker, Cephalophus natalensis, males 11.7 kg, females 11.9 kg, selective browsers 

Suni, Neotragus moschatus. males 5.1 kg, females 5.5 kg. highly selective feeders, fallen leaves, 

flowers, fruit. growing shoot tips 
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Although adult Hook-lipped Rhinoceros Dieeros bicornis weigh 800 to 1100 kg and subsist almost 

entirely on browse (Skinner & Smithers 1990), I have seldom seen their distinctive spoor inside Sand 

Forest except on well-defined trails traversing forest patches. This implies that although they favour 

dense thickets associated with Sand Forest patches, they seldom feed in true forest. 

Table 2. Nyala and impala densities at Mkuzi Game Reserve, 1996 and 1997. Surveys did not 
differentiate between Sand Forest and the Acacia burkei-Terminalia sericia open woodland on 
Pleistocene sands (2 273 ha.). Data for all other vegetation types in the reserve are pooled; these 
include various types of mixed savanna, thicket, riparian forest and woodland, and dry mountain 
bush veld (26 306 ha.). The controlled hunting area of the reserve was omitted. Estimates are based on 
counts and distance from pennanent line transects (KwaZulu Nature Conservation Service data). 

Nyala density (animals ha·l) Impala density (animals ha'l) 
Sample unit 1996 1997 1996 1997 

Sand forest/savanna matrix 0.21 0.18 0.32 0.27 
I 

Other (pooled) 0.10 0.11 0.20 0.21 

Other (range) 0.06-0.16 0.04-0.15 0.13 -0.27 0.18-0.23 

The only census data for nyala and impala from reserves with Sand Forest at the time of this study was 
! 

from Mkuzi Game Reserve. For 1996 and 1997 these data indicate that densities of both antelope are 

higher on the Pleistocene sands that support a matrix of Sand Forest and savanna than on any other 

habitat in the reserve (Table 2). If sex ratios are 1:1, an average density of 0.2 animals per hectare 

implies that nyala biomass alone amounts to 1700 kg km'2 in and around Sand Forest, and is probably 

at least three times as high inside Sand Forest (pers. obs.). 

Methods 

Comparison of seedling and sapling densities of canopy dominant species from heavily browsed 

conserved areas and a nearby sacredforest with very little browsing 

In order to investigate whether high ungulate browsing pressure in conserved Sand Forests is 

responsible for the very low levels of recruitment observed in canopy dominant species, I compared 

seedling and sapling densities of the two most dominant canopy species from two formally conserved 

forests with an unconserved forest with little or no browsing. Sand Forests outside conserved areas are 

usually heavily disturbed by human activity, and this disturbance could also be responsible for any 

differences in recruitment. However, I found one site where harvesting of trees or poles was taboo, 

with Sand Forest largely undisturbed by people, although hunting was allowe(f; Ungulates appeared to 

have been absent from the site for some time. and I saw no droppings or tracks of wild antelope or 

domestic stock, nor evidence of browsing on foliage inside the forest. This site (27" 37.253' S, 

32" 23.111' E), a sacred burial ground for local kings and chiefs (Inkosi), was in the K waJ obe district 

north-east of Mkuzi Game Reserve (Mkuzi). The local chief granted permission for one morning's 

sampling (10 December (997). I counted numbers of seedlings (S 0.3 m height) and saplings (0.3 m to 
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3 m height) of the two Sand Forest canopy dominant species. Cleistanthus schlechteri and Newtonia 

hildebrandtii. in ten randomly located 10 x 10 m quadrats in areas with no evidence of woodcutting by 

people. These samples were compared to 100 m2 subsamples of randomly located quadrats in Sand 

Forest at Phinda Resource Reserve and Mkuzi Game Reserve (see below). Nonparametric Mann­

Whitney U tests were used as counts of seedlings and saplings at Phinda and Mkuzi were not normally 

distributed. 

The woody component of the KwaJobe forest was floristically and structurally similar to the privately 

conserved Sand Forests at Phinda 15 km due south and occurs on the same dune series. Samples were 

also compared to forests in Mkuzi Game Reserve 20 km due west on older dune series. Although there 

is some turnover of species between the eastern Sand Forest type represented by KwaJobe and Phinda 

and the Western Sand Forest type represented by Mkuzi, the basal area and density of the canopy 

dominants, C. schlechteri and N. hildebrandtii, is very similar (see Chapters 2 & 3), and the use of 

KwaJobe as an unbrowsed control for both conserved sites seems reasonable. 

Correlation between browsing pressure and regeneration levels in tree species from conserved forests 

The effect of browsing pressure on regeneration levels of tree species was evaluated by means of a 

simple linear regression model, with two variables: a species-specific index of browsing pressure; and 

the proportion of juveniles in a sampled population fQr each species (i.e. species' regeneration level). 

Data were sampled at the same time as forest structural and floristic data from 27 locally randomly 

located circular 400 m2 quadrats at both Mkuzi and Phinda (see Chapters 2 & 3). 

Antelope browsing on seedling and sapling foliage leaves characteristic evidence, from chewed leaves 

to cleanly cut twigs. This makes it possible to construct a simple species-specific index of browsing 

pressure based on the proportion of individuals in a population showing obvious signs of browsing. I 

only considered individuals shorter than 2 m, as foliage on taller trees could be beyond the reach of 

antelope. Since heavy browsing pressure is likely to have a larger effect on plant growth and survival 

than light browsing pressure, I weighted each individual according to how heavily it was browsed: 

class 0, plants with less than 5 % of shoot-tips browsed were weighted 0; class I, with 5 % to 10 % 

browsed were weighted by I, class 2, with 10 % to 20 % browsed were weighted by 2; and the final 

class 3, with> 20 % of foliage showed evidence of browsing or canopy structure obviously modified 

by browsing were weighted by 3. The calculated index, with a possible range from 0 to 3, was then 

divided by three to give a maximum value of 1 (i.e. all individuals in the population in class 3). Only 

species in which more than five individuals shorter than 2 m were encountered were included in the 

regression. 

Recruitment for each species was described by the proportion of juveniles in a sampled population of 

juveniles and adults and is also scaled from 0 to 1. Established plants within the range of sizes where 

all foliage is vulnerable to browsing. from 0.5 m to 2 m tall, were considered to be juveniles. Adults 

were considered to be individuals from 3 m to 5 m in height. The low maximum height limit for adults 

was chosen to allow comparison of trees of different sizes. including subcanopy species. Only species 
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with at least 10 juveniles and adults sampled were included in the regression analysis. Psydrax 

fragrantissima. the only species which regenerates predominantly by resprouting (Chapter 3), was also 

omitted from analyses. 

The best fit for the regression analysis was obtained with log transformed data (X' = lo~ X). Although 

both variables are proportions, arcsine transformation (Zar 1996)was not necessary as neither variable 

had a strongly binomial distribution. 

Effects of browsing on two Sand Forest species in a conserved area 

Two year old seedlings of moderately palatable Combretum mkuzense and highly palatable Newtonia 

hildebrand!ii were planted out at Mkuzi Game Reserve in order to assess herbivore impact on seedling 

mortality and growth. At the time. Mkuzi was the only reserve with Sand Forest where herbivore 

densities had been accurately censused (see Table 2). 

Seedlings of each species were planted in pairs 5 m apart, every 10m along three line transects running 

roughly parallel to the long axis of the Mkuzi Sand Forest patch. One seedling in each species pair was 

enclosed in a 40 x 40 x 50 cm cage of fine wire netting with a mesh size of 58 mm. The two species 

were alternated along the transects. Seedlings were planted in the middle of the wet season on 5 

December 1997 and watered the following day. Care was taken not to disturb the root mass at 

transplanting. After allowing the seedlings to settle for one week. the height, and canopy width were 

measured to the nearest 0.5 cm and the seedlings watered again. All seedlings were still healthy. 

appeared unaffected by the transplanting process and some had produced new growth 17 days after 

planting. The seedlings were measured again and any mortality noted six months after planting on 8 

June 1998. The volume of initial foliage removed by browsing over the 6 month period was estimated 

from detailed sketches of each seedling. 

Seedlings for this experiment were grown at the KwaZulu Nature ConserVation Services nursery in 

Pietermaritzburg under 40 % shadecloth from seed collected at Mkuzi Game Reserve. Seedlings were 

planted and germinated in September 1995, and by the time of planting out 27 months later had 

reached mean vertical heights of 18.7 ± 4.0 em for N. hildebrandtii. and 34.9 ± 4.2 cm for 

C. mkuzense. Seedlings were grown in a potting soil mix and kept moist, and were likely to have 

grown larger than would be likely in the dystrophic, dry sands of the Sand Forest. Seed of the canopy 

dominant, Cleistanthus schlechteri, failed to germinate and the common, unpalatable Hymenocardia 

ulmoides also chosen as a study species had negligible germination. both apparently as a result of 

insect damage to seed. 
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Results 

Campan'jon of ",dling and saplinll densilie, oj ,anapy dominant ,'pedes from hem'ily brow,,,,,1 

conservod a,.aj and a nearby sacred jor,,' wilh Vtry lilli. bm",'in~ 

Pc>< both Sand Forest canopy dominant 'poe"", C. S(:hie(.'h"n' ond N. niidobrandlii, ,"plings (xU to 

3 Ill) were eilbcr enlirely .. h<ent or occurred at eX11'emely low den,itie, all>oib cCI<l",,,,'ed ,ite, (phind. 

a"d \1klLlij wirb high ungulate den'iTies_ In cOlllra.<!, saplin~ of both 'pecie" were cumm"n 01 

KwaJobe, an unOL",,,,rvcd ,ilc wilh fe,", ungulate hmw,"", and thi. differen"o w"" highly .ignificant 

(PiglL!'e I, Tohle 3). Den,itie, of ,udling' « 0,3 m) of both species were slightly higher at Kw:uo/x: 

than either co",elved 'ite. but this difference w", only 'i~nificont for N, hildebrandtii (T.bk 3)_ High 

s"plin~ densitio, of C. jehlech"n' at KwoJobe, de'pite <eedling den,ities ,imilar to the low v.lue, 

oh<o,ved ot the two L"Orl"'"cd ,ile,. implie. that foctor, influet>Cing ,udling establishment are not 

primarily re'ponsible for low level, of regener"Ti'''' observed in "o,,"ervcd ""'w;, 

Figure 1. Mean density or ",odling' and ,aplin~, of the dominant treo 
' pecies in old-growth Sand Foro't"l throe "t •• ; .. sacred fOfe't aT KwaJobc 
which ha, few or no ungulate brow,e". ""d Phind" .nd M~uzi which have 
lorgc number.; of ungulate bmw",,, typical of formally cou,",yed area" 
Whisker, are ,tond.rtl dcvialiOCl. Su TaNe 3 for .. mple ,izc._ 

Tabl. 3. p·w"ue, for M.nn· Whi(ocy Ute>!, comparing numbe", of .""dling> ond ,"piing' in lOCI m' 
Sand Fon:,l ,ample, from \lubrow,ed fore't at KwaJooo (n ~ 10) wiTh ".mpies fmm two nearby 
"".,rve,. Phind .. (n = 27) and M~uzi (n ~ 27), 

KwaJobe V" Phind. KwaJobe v"- Mkuzi 
,ccdling' ,"plin~" ""edling, ""piing, 

C jenlochreri p.0,6 P <O'()JOI p = 05 p<O.OOOI 

N. hildebrandr;; p = O.OO2S p<O,OOOI p = 0,014 p<O,OOOI 
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Effects of browsing on two Sand Forest species in Mkuzi Game Reserve 

Mortality of planted two year old seedlings unprotected from browsing was not significantly higher 

than for caged seedlings for either study species over a six month period from the middle of the wet 

season to the middle of the dry season. For N. hildebrandtii, 3 of 20 uncaged seedlings died vs. 1 of 20 

seedlings protected from browsing. No seedlings of C. mkuzense died. 

However, uncaged seedlings of both species were negatively impacted by browsing. For 

N. hildebrandlii, 2 of 20 uncaged seedlings had been browsed after only the first week and after six 

months 19 of 20 uncaged seedlings showed evidence of ungulate browsing. For C. mkuzense, 7 of 20 

uncaged seedlings had been browsed after the first week and all 20 were browsed after six months. A 

larger proportion of seedling foliage had been removed for N. hildebrandtii than for C. mkuzense 

(mean ± SD: 37 ± 26 % vs. 9 ± 11 %, Mann-Whitney U test: p ::::: 0.011). No seedling had more than 

minimal insect damage. 

Table 4. Change in height of N. hildebrandtii and C. mkuzense seedlings exposed to browsing for six 
months compared to seedlings protected from browsing by wire netting. 

Treatment 

Newtonia hildebrandt;i 

open to browsing 

caged 

Combretum mkuzense 

open to browsing 

caged 

Mean growth ± SD 

O.S ±4,4cm 

3.1 ±2.S cm 

1.0 ±4,4 cm 

4.S ± 3,4cm 

n 

17 

19 

20 

20 

Range negativelO positive 

-S.S-9cm 10 7 

-1.5-Scm 4 15 

-6-11 cm 11 9 

-2-11 cm 3 17 

After six months, uncaged seedlings had grown only 23 % as much as caged seedlings protected from 

browsing (Table 4, Two-level Anova, browsing treatment: F:::: 10.55, p :::: O.ooIS) and a higher 

proportion of uncaged seedlings were the same size or shorter than at the start of the experiment 

Although growth in caged seedlings was higher for C. mkuzense than for N. hildebrandtii, as would be 

expected from the relative sizes of two year old seedlings at the start of the experiment (mean of 

34.9 cm vs. IS.7 cm). and a higher proportion of foliage was removed from N. hildebrandtii seedlings, 

these differences did not result in a significant difference in vertical growth between species (Two­

level Anova, species effect: F:::: 0.76. p :::: 0.39), nor significant interaction between species effect and 

browsing treatment (Two-level Anova, interaction: F:::: 0.33. p :::: 0.57). 

Discussion and conclusions 

Ungulate browsing appears to suppress regeneration of the two canopy dominant species in conserved 

Sand Forests. In forests with high ungulate densities small saplings of C. schlechteri and 

N. hildebrandtii (0.5 m to 2 m height) were either entirely absent. or occurred at very low densities 
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« 0.07 per 100m2). In contrast, saplings of both species were common (2 per 100m2
) in an undisturbed 

old-growth forest with negligible browsing pressure. Given the very low densities of trees between 

0.5 m and 2 m in height in the conserved areas, it seems unlikely that sufficient individuals could 

recruit through these size classes to balance adult mortality, which appears to be at least 1 % per annum 

for C. schlechteri (Chapter 3). 

Similarly. in conserved areas recruitment of woody species was strongly negatively correlated with 

species-specific browsing pressure, with the lowest proportions of juveniles in populations of the most 

palatable species. such as the canopy dominant C. schlechteri (Figure 2) This not only confirms that 

browsing pressure is responsible for the suppression of recruitment in palatable species, but implies 

that long term heavy browsing pressure could change forest species composition, perhaps even 

eliminating the most vulnerable species. 

Nearly all unprotected planted two year old seedlings of two species were browsed over a six month 

period. Although this did not significantly increase mortality compared to protected seedlings, average 

vertical growth of unprotected seedlings was reduced by 74 % for N. hildebrandtii and 79 % for 

C. mkuzense. This effect alone would reduce the sapling densities, and it seems likely that continued 

removal of an average of 37 % of foliage in N. hildebrandtii and 9 % in C. mkuzense would increase 

mortality over a longer time period. 

The data presented in this paper/chapter suggest that browsing by high densities of ungulates is having 

a large effect on regeneration in conserved old-growth Sand Forests, and particularly on recruitment by 

the two most dominant tree species. The effects of browsing are not always undesirable, and need to be 

evaluated in terms of conservation goals (see discussions in Putman 1996; Reimoser et al. 1999). For 

example. browsed tropical forests may be substantially more diverse than defaunated forests, 

presumably because browsing suppresses competitive dominance (Coley & Barone 1996). However, a 

number of factors indicate that browsing pressure in conserved Sand Forests is too high. In unbrowsed 

forests the ground layer vegetation is dense and diverse. with high cover of Zamioculcas zamiifolia 

which is completely absent in conserved forests. In conserved forests, trampled areas, tracks and dung 

of antelope are common, the ground layer is generally sparse or absent, there is a distinct browse line at 

approximately 1.6 m, many palatable shrubs show a 'topiary' effect, and seedlings of palatable 

seedlings are browsed level with the ground layer. At some sites these effects are more pronounced and 

in places the shrub layer is entirely absent (Plate 1). These factors would indicate 'heavy' or 'very 

heavy' browsing pressure in temperate forests (Reimoser et al. 1999), sufficient to prevent recruitment 

by palatable species. 

We do not know how common nyala and other ungulates were before the early 19OO's (see e.g. 

Anderson 1978). but it is probable that in the absence of significant numbers of large predators. 

modem densities of antelope in conserved areas are substantially higher than they ever would have 

been. In areas of Europe and North America growth of wild ungulate populations in recent decades has 

often had a large and usually undesirable impact on forest regeneration and composition (e.g. Jones et 

al. 1993; Motta 1996; Zamora et aL 2001). The most severe negative effects of browsing are seen at 
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densities of approximately 8 whitetail deer per km2 and above in American temperate hardwood forests 

(Jones et al. 1993), and densities of more than 5 to 15 deer per km2 are considered too high in 

European temperate forests (Putman 1996). In the savanna/Sand Forest matrix at Mkuzi game reserve 

in 1996/1997, line transect surveys recorded approximately 30 impala and 20 nyala per km2
, despite 

regular culling of both species (KwaZulu-Natal Nature Conservation Services data). Due to their 

preference for savanna and forest habitats respectively, densities of impala are likely to be much lower, 

and densities of nyala much higher in Mkuzi Sand Forest. Browsing damage suggests that numbers are 

even higher at the privately conserved Phinda Resource Reserve. These figures indicate that ungulate 

densities in conserved Sand Forest are far higher than would be considered acceptable in managed 

temperate forests. Given the slow growth rates of dry forest trees compared to moist tropical forests 

(see Chapter 7), the use of temperate forest models for comparison seems sensible. 

C. schlechter; is by far the most dominant species at most South African Sand Forest sites, and together 

C. schlechteri and N. hildebrandtii contribute between 40 % and 49 % of total importance at these sites 

(average of relative basal area and relative density, Chapter 2). The consistency of composition and 

structure of many discrete dry forest patches distributed over a wide area, from the western shore of 

Lake St. Lucia in the south to beyond the Mozambique border 130 km to the north (Chapters 2 & 3), 

implies these forests have been stable for a considerable period of time. Further, the high dominance by 

two very palatable species with slow growth rates indicates that browsing pr~ssure was low in the past. 

I suggest that current levels of browsing in conserved areas are sufficient to change forest composition 

over the long-term. reducing or even eliminating populations of the most palatable species. Given the 

strong dominance by two species. both of which appear to be amongst the most vulnerable to 

recruitment failure caused by browsing, the impact of ungulate browsers is of enormous concern. 

Rather than simply causing a shift in species composition, continued heavy browsing pressure in Sand 

Forest could ultimately completely change the structure, and thus the entire biotic environment, 

potentially leading to dramatic species loss. It is essential that any degradation of Sand Forest is 

prevented. Dry forest globally is highly threatened (Murphy & Lugo 1986; Mooney et al. 1995) and 

Sand Forest has a unique and characteristic flora and fauna, including a number of endemics entirely 

restricted to this forest type (Kirkwood & Midgley 1999; Matthews et al. 200 1). 

Further research is urgently required. Most easily achieved, game counts in both the dry and wet 

season need to differentiate Sand Forest from other vegetation to accurately measure ungulate browser 

numbers throughout the year, and estimate relative browsing damage by different species. Comparison 

of species richness and composition of both tree and herbaceous ground flora in conserved and 

undisturbed areas with little browsing pressure would be useful. Long-term selective exclosure plots in 

conserved areas would provide a real control for browsed forests and if carefully designed could 

differentiate between the impact of large ungulate browsers, particularly nyala, and small browsers 

such as red duiker and suni. 

A reasonable conservation goal for Sand Forest would be the regeneration of all species currently 

present and 'maintenance of dominant, representative vegetation' (Williams et al. 20(0). It seems 

likely that in order to meet this goal in conserved areas, densities of ungulate browsers, particularly 
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nyala, in Sand Forest will have to be greatly reduced. Nyala have fairly stable home ranges (Anderson 

1978) and localised culling may create persistent low density areas without greatly reducing conserved 

population sizes (McNulty et ai. 1997). Since conflicting conservation goals for animals and plants in 

currently conserved areas may never be resolved. the establishment of further Sand Forest reserves is 

highly desirable in order to properly conserve this unique and important dry forest type. 
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Annual rings and growth in the sand forest canopy dominants, 

Cleistanthus schlechteri and Newtonia hildebrandtii 

Abstract 

My aim was to determine if the two most dominant Sand Forest canopy species formed 

annual rings, and to use annual ring widths in conjunction with radiocarbon dating to 

estimate growth rates in these species. In the single 23 cm diameter Newtonia 

hildebrandtii disk sampled. visible growth increments appeared not to be annual in 

nature. A radiocarbon age of 33 years for wood 37 mm from the cambial layer gives a 

low average radial growth rate of 1.12 mm per year, implying that the largest trees in the 

area, 150 cm DBH and more, may be well over 700 years old. In Cleistanthus 

schlechteri, ring anatomy, phenology, cross-dating of recent growth rings and a ring 

count corroborated by a precise radiocarbon date indicated that visible growth 

increments were in fact annual rings. Most rings in C. schlechteri had two features 

typical of tropical semi ring porous annual rings: a fine band of apotracheal marginal 

parenchyma delimiting the ring boundary and a decrease in density of vessels and 

paratracheal parenchyma bands from earlywood to latewood. In many rings the final 

latewood zone was clear of paratracheal parenchyma bands. In all five tree samples 

harvested at the height of the dry season, the outermost ring appeared complete, and 

patterns of growth in the 10 most recent rings were highly synchronised between trees 

(average multiple r = 0.91, all p < 0.05). Annual growth increments were 

indistinguishable very close to the pith, and increased from less than 0.5 mm in width 

within 5 mm of the pith to over 1.0 mm beyond 10 mm from of the pith (i.e. stem 

diameter> 2 cm). Average ring width (± S.D.) in adult trees (>10 cm DBH) was 

1.33 mm (± 0.63 mm) and did not change substantially with increasing diameter. Age of 

the largest 39 cm diameter specimen was estimated at 150 years from pith formation, and 

growth rates suggest that the largest trees in the Tembe area where these samples were 

harvested (>50 cm DBH) may reach 200 years or more. Although I did not attempt to 

exactly age long ring chronologies by cross-dating specimens, these first accurate 

estimates of growth rate in any Sand Forest species are important for the management 

and study of Sand Forest dynamics. The results suggest that investigation of growth 

rings in a wider range of species from these and other dry forests would be worthwhile. 

Keywords: tropical and SUbtropical dry forest, annual growth rings. growth rate, tree age 
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Introduction 

Growth rates in trees can be measured by four methods: first, repeat measurements of girth; second. 

girth measurement in trees of known age; third, the identification, ageing and measurement of annual 

rings; and fourth, radiocarbon dating of wood samples (Mariaux 1981; Worbes & Junk 1989). 

Although repeated measurements are simple. they require large numbers of trees of a range of 

diameters, are extremely time-consuming to perform. and require measurement over many years to 

account for year to year variation (Mariaux 1981). This method is likely to be particularly impractical 

in dry forests where tree growth rates can be extremely low (e.g. Kigom~ 1994), seasonal shrinkage 

and expansion as a result of water availability can exceed annual growth increments (e.g. Lieberman 

1982; Swaine 1992), and year to year variability in growth rates can be high (e.g. Swaine 1992). As for 

most forest species in southern Africa, there appear to be no trees of known age, such as might be 

found in plantations, for any Sand Forest species (pers. obs.). Fortunately the study of tree rings has 

considerable promise in seasonally dry tropical forests, particularly when supported by data from 

precisely dated wood, either from experimental cambial wounding or radiocarbon dates (Worbes 

1995). Radiocarbon dating alone is too expensive for general application, and wood laid down after 

1650 and prior to 1955 cannot be dated with precision, limiting the usefulness of this method (Stuiver 

et at. 1981; Worbes & Junk 1989). 

Analysis of tree rings is a vital tool in the study of forest dynamics in temperate regions where low 

winter temperatures and short day length induce annual cambial dormancy, resulting in clear growth 

rings in stem cross-sections (Falin et al. 1981). It has long been assumed that annual rings are rarely 

present in tropical and subtropical tree species (Lieberman et al. 1985; Kigomo 1994; Worbes 1995). 

However. many regions in the tropics and sub tropics have one or sometimes two distinct dry seasons 

per annum, and annual tree rings reSUlting from drought induced cambial dormancy have been found 

where dry periods have less than 60 mm of rainfall per month for two to three months (Worbes 1995). 

In dry forests. where drought stress during the dry season can be considerable (Olivares & Medina 

1992; Holbrook et al. 1995). and phenology is typically strongly related to seasonal rainfall patterns 

(e.g. Lieberman 1982; Holbrook et aZ. 1995; but see also Borchert 1994). it is likely that annual rings 

are actually fairly widespread. Although studies investigating ring formation and age determination in 

tropical and subtropical trees are relatively rare (Bormann & Berlyn 1981), annual rings have been 

recorded Asia, tropical Australia, Africa and Latin America (see citations in Eckstein et aL 1981; Falin 

et at. 1981; Worbes 1999, but see also Lieberman et al. 1985). In southern and east Africa, annual 

growth rings have been recorded in a variety of Acacia species (Gourlay 1995) and in Pterocarpus 

angolensis (Bryant 1968 cited by Mariaux 1981; Stahle et al. 1999). Five tree species in southern 

Africa, including Albizia forbesii, which is associated with Sand Forest. appear to have annual rings 

suitable for dendrochronological analYSis (Lilly 1977). 

Although exactly datable annual growth rings have a variety of uses, from the investigation of past 

climates to the dating of forest disturbance events (Fritts 1976; Dynesius & Jonsson 1991). even when 

occasional missing rings, false rings or uneven growth typical of tropical woods prevent precise dating. 
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accurate estimates of radial growth can still be obtained (Bormann & Bedyn 1981). Knowledge of tree 

growth rates is necessary in order to understand forest dynamics and effectively manage any forests. 

In this chapter I concentrate on the two species which overwhelmingly dominate the Sand Forest 

canopy, Cleistanthus schlechteri and Newtonia hildebrandtii (see Chapter 2). C. schlechteri is 

particularly important as it is associated with dry forest and woodland through Mozambique as far 

north as Kenya, and west into Zimbabwe and Malawi (pers. obs .• Burgess & Clarke 2000). I describe 

the occurrence and nature of annual growth rings in C. schlechteri and describe the relationship 

between diameter, growth rate and age in this species. Although annual rings were not identified in 

N. hildebrandtii. a measurement of growth rate from one radiocarbon date in one specimen is 

presented. Both these species are harvested outside of formally conserved areas. C. schlechteri is 

heavily utilised to provide wood for carving (pers. obs.), while N. hildebrandtii is often killed by 

ringbarking to provide high quality firewood (pers. obs., C. Hanekom, pers. comm.). As for any 

situation where timber is harvested from natural stands (e.g. Bussman 1999), it is impossible to 

detennine at what level these activities are sustainable without a knowledge of growth rates. An 

understanding of the population dynamics of these species is particularly important in conserved 

forests, where both appear to be experiencing recruitment failure, probably as a result of high browsing 

ungulate densities (see Chapters 3, 6 & 8). 

Methods 

I obtained entire stem cross sections from five C. schlechteri trees and one N. hildebrandtii tree felled 

for carving by local craftsmen in Sand Forest west of Tembe Elephant Park (23°03'S, 32°27'E) in July 

1995. The specimens were cut between 45 cm and 95 cm above ground level and were separated by at 

least 500 m from one another. At the time of sampling, no further specimens were available from this 

or any other Sand Forest site. The disks were sanded with progressively finer grades of sandpaper once 

air·dry, finishing with 1000 grit waterpaper to achieve the fine polish necessary see ring features. 

Radiocarbon dating of Cleistanthus schlechteri and Newtonia hildebrandtii 

Samples of wood were cut from the centre of the largest (42 cm diameter) C. schlechteri specimen and 

the single (23 cm diameter) N. hildebrandtii specimen, taking care to extract the samples from as close 

to the core as possible, and not extending more than 1.5 cm radially. These samples (Pta· 7569 and Pta· 

7560 respectively) were analysed by the Quaternary Dating Research Unit (QuaDRU)of the South 

African CSIR. Ages were corrected for variations in isotope fluctuations and calibrated for the 

southern hemisphere. Due to fluctuations in the radiocarbon levels in the environment between 1650 

and 1955, it could only be ascertained that both samples were older than 60 years and younger than 

350 years. Further samples were therefore cut from younger wood, two· thirds of the distance from the 

core to the outside of the stem. These samples did not extend more than 0.4 cm radially and were cut 

along the· same few growth rings. In the C. schlechteri specimen. this sample corresponded to three 

annual growth rings. These samples of younger wood (QuaDRU analysis numbers Pta-7681 and Pta-

7679 respectively) were both laid down subsequent to 1955. a period in which nuclear bomb testing 
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artificially raised atmospheric 14C levels (Stuiver et al. 1981), with the result that radiocarbon dates are 

accurate to within one year. 

Estimating growth rates in C. schlechterifrom annual ring widths 

The main purpose of identifying and measuring growth rings was to estimate radial growth rates and 

relate these to stem diameter. Entire stem cross sections are necessary in order to properly identify and 

measure growth increments in C. schlechteri due to indistinct ring boundaries in portions of cross 

section and considerable lobing which resulted in the formation of very narrow rings in places (Worbes 

1995). In order to reduce the variation in ring width around the stem resulting from uneven growth, I 

used the following procedure. Individual rings were measured along radii where rings were relatively 

wide and well defined (Eckstein et al. 1981), with the restriction that every ten consecutive rings were 

measured along the same radius. Each of the ring widths in these ten-ring bands were then 

proportionately adjusted so that the width of all ten rings was equal to the average width of the ten-ring 

band at ten evenly spaced radii around the stem. The boundary of every tenth ring was marked with a 

fine fibre-tip pen around the entire stem to facilitate ring identification and avoid confusion. 

Measurements were made using a binocular microscope fitted with an eyepiece micrometer, at 

magnifications of x40, and are precise to 0.05 mm. 

I did not attempt to cross-date stems, since uneven growth resulting in lobing would make this a 

difficult and time-consuming task (see Stahle et al. 1999 for a concise description of methods). 

Therefore false or missing rings, a common feature of trees in the tropics and subtropics (Detienne 

1989; Worbes 1995), could only be identified by means of wood anatomy. Wherever ring boundaries 

were unclear, data were omitted from the ring width analysis (see reSUlts). 

Results 

Semi-ring-porous growth rings were visible on polished cross sections of C. schlechteri, and ring 

anatomy, phenology, the correlation of ring widths in different trees, and radiocarbon dating all 

indicate that these rings are exactly annual growth increments. 

Annual growth rings in C. schlechteri - wood anatomy 

Growth ring boundaries in C. schlechteri were fairly distinct, demarcated by a fine continuous band of 

apotracheal marginal parenchyma which was seldom obscured by paratracheal parenchyma (A in Plate 

I). Scattered groups of paratracheal parenchyma associated with one to four vessels formed irregular 

concentric bands decreasing in frequency from the start to the end of each growth ring (B in Plate 1). 

Many rings featured a latewood zone completely devoid of vessels and paratracheal parenchyma (C in 

Plate I). although such zones were occasionally associated with earlywood. Latewood typically 

appeared darker than earlywood as a result of decreasing vessel density across the ring. There appeared 

to be no change in vessel diameter from earlywood and latewood. 
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Identification of some annual rings was difficult. Often paratrachea1 parenchyma bands obscured 

marginal parenchyma, although abrupt changes in density of these bands usually allowed ring 

boundaries to be distinguished clearly. More problematic were situations were growth features changed 

little across the ring and ring boundaries were faint or absent around the entire stem circumference. 

Where zones devoid of paratracheal parenchyma bands were associated with gradual changes in 

density of these bands on either side and no evidence of marginal parenchyma was present, this feature 

was not considered to demarcate a ring boundary. 

Annual growth rings in C. schlechteri - phenology 

All five specimens of C. schlechteri were felled in July 1995 at the height of the dry season and had 

typical and complete outermost growth rings, with the latewood zone adjacent to the cambial layer free 

of vessels and paratrachea1 parenchyma bands. 

Annual growth rings in C. schlechteri - correlation between growth ring width in different trees 

Although I did not attempt to cross-date the five tree samples, variation in ring width over the 

outermost 10 rings was highly synchronised between the different trees (Figure I), providing further 

evidence that growth rings are annual. 
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Figure 1. Width of same-aged annual rings in five samples 
of C. schlechteri felled in July 1995 approximately 5 km 
west of Tembe Elephant Reserve. Individual ring widths 
and radial distance were adjusted to reduce the effect of 
lobing (see methods). 

Correlation of same-aged ring widths between samples was high. with multiple correlation coefficients 

(r) for each sample contrasted with all other samples ranging from 0.82 to 0.94 (all p < 0.05). and an 

average multiple r of 0.91. 

Annual growth rings in C. schlechteri - radiocarbon dating 

In a 42 cm diameter specimen of C. schlechteri felled in 1995, a radiocarbon date of 1956 (39 years 

prior to felling, precise to within one year, l)llC : -26.4 %0 PDD) was obtained for a three ring band 
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sampled 113 of the radial distance from the tree exterior to the core. This corresponds exactly to the 

ring count of 38 through 40 years for the sampled rings. completed before the radiocarbon date was 

obtained, and confirms that growth rings are in fact annual rings. 

Growth rates in C. schlechteri 

Growth rates in C. schlechteri were low, and in five trees, annual ring width ranged from less than 

0.2 mm to a maximum of 4.5 mm. In the largest sample, the very dark heartwood within 57 mm of the 

centre of the stem prevented reliable identification of rings or ring boundaries. In all remaining samples 

ring boundaries became indistinguishable within a few millimetres of the pith as rings became 

extremely narrow. 

4 

e­
.g 3 

t 

r 
1 

samples: 0 1 (262 mm dl.) 
• 2 (230 mm dl.) 
• 3 (131 mm dl.) 
• 4 (244 mm di.) 
• 5 (447 mm di.) • 

o • 0 0a. 0 

• 0 • • 
a '"' .. ..... :. • 

.,." 0 • 'cl°. 0 e. . · 
rf:. 4118 ... MCW D. :..:.. ... 0.·.. • 
o~ ... .... oJ. 0.-;'''';)'1 •• 

~
~ .. " .. d./& 0 ON: ••• -0. • eo 

• .. -I _ordl! ~ ..!1 oW •• 
..." ICI& .aIP.. Oiilq .. A_ ..... ~ ..... 

0"0 .. • .... o·~. .\.F ....... ~ CI ". 
oJ A 0 gO,. •• , 6, ~ .. • 

• 
• 

• . .... 

O~--~~-r~--~~~~~--~~ ____ ~ 
o 50 100 150 200 

radial distance Irom centre of stem (mm) 

• 0 

o 

0.1 -f------,---,-----,..----,--_-, 
1 5 HI 50 100 200 

radial distance Irom centre 01 slem (mm) 

Figure 2. Radial growth in C. schlechteri as a function of stem 
diameter. The top scatter represents untransformed data, while 
the lower curve is a quadratic equation fitted to loge 
transformed data. Individual ring widths and radial distance 
were adjusted to reduce the effect of lobing (see methods). 
Ambiguous rings were excluded. 

Radial growth as a function of stem diameter in C. schlechteri was similar in all five samples (Figure 

2), Annual rings laid down when the trees were young were substantially narrower than for adult 

growth. In the four samples in which growth increments could be identified close to the pith, ring 
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widths increased rapidly from less than 0.5 mm in width within 5 mm of the pith, to approximately 

1.0 mm with 10 mm of the pith. Beyond this, ring width increased more slowly before levelling off 

approximately 50 mm from the pith. Average ring width (± S.D.) for rings laid down more than 50 mm 

from the pith was 1.33 mm (± 0.63 mm). 

The best fit for radial growth as a function of stem diameter was provided by a curve described by the 

quadratic equation: 

y = - 2.226 + 1.617x - 0.349'; + 0.025.:2 K- =0.30 (1) 

for laic transformed data (figure 2, bottom graphic), where y is the loge of the radial distance from the 

pith (mm) and x is the laic of the ring width (mm). A linear model fitted to untransformed data 

provided a poor fit (K- = 0.07). 
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Figure 3. The relationship between age, from annual ring 
counts, and stem diameter for five sample C. schlechteri trees. 
Ring widths were doubled, then accumulated from the pith to 
the outermost ring. Individual ring widths were adjusted to 
reduce the effect of lobing (see methods). Estimates of the 
number of years taken to grow from the pith to the first 
distinguishable annual ring are based on average width of the 
10 youngest visible rings and are probably underestimates 
given the rapid decrease in ring width close to the pith. For the 
largest sample the age of the youngest visible ring was taken as 
the average of the other four samples at the same diameter. 

On average across the five trees sampled. ll.l % of rings identified were ambiguous. However. 

uncertainties as to whether identified single rings should be separated into more that one ring. or 

whether separation of rings was in fact spurious, were similar in frequency. It is therefore reasonable to 

plot cumulative stem diameter as a function of tree age in years from the actual ring count (Figure 3). 

In this analysis. as before, the calendar date of each growth ring is not important. I estimate that at 

most, true age could be 6.3 % higher or 5.6 % lower than the values presented due to misidentification 

of annual rings. The diameter growth curve is described by the power function: 

y = 0.814 xl.230 K- = 0.97 (2) 
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where y is the cumulative stump diameter (mm) and x is the tree age in years (excluding the time taken 

for the seedling to start lateral growth at the measured height). 

Growth and rings in N. hildebrandtii 

Although growth increments resembling annual rings were visible at places on the single 23 cm 

diameter N. hildebrandtii disk, with a layer of marginal parenchyma forming a clear boundary and 

changes in vessel density across the rings, these features were often not continuous around the stem 

and wide bands without discernible rings or ring boundaries were common. The outermost and latest 

formed ring appeared incomplete at the time of felling during the height of the dry season, suggesting 

that visible growth rings were not closely synchronised with an annual environmental cycle. 

A 4 mm wide concentric band of wood sampled 1/3 of the radial distance from the exterior of the stem 

to the core yielded a radiocarbon date of 1962. 33 years prior to felling (precise to within one year, 

(5I3C : -28.7 %0 PDB). The centre of this sample was 37 mm from the ~ambium. indicating a low 

average growth rate over the 33 years of 1.12 mm per year. 

Discussion 

Annual growth rings in C. schlechteri and N. hildebrandtii 

The anatomical structure of growth rings in C. schlechteri included several features typical of annual 

growth rings in tropical and subtropical tree species from areas with a marked single dry season (see 

e.g. Lilly 1977; Falm et al. 1981; Detienne 1989; Stahle et al. 1999). Tpgether with evidence that 

outermost rings were complete at the height of the dry season and patterns of growth in recent rings 

were highly synchronised between five tree samples, this provides strong support for the conclusion 

that visible rings are exactly annual growth increments and ring boundaries correspond to the cessation 

of cambial wood production during the cooler dry season. This is corroborated by a radiocarbon date in 

one specimen which corresponded exactly to a count of rings. 

Although C. schlechteri is not dry-season deciduous, the presence of annual rings is not surprising 

given the strongly seasonal nature of the Sand Forest environment (see Chapter I). Across the South 

African range of Sand Forest, average rainfall per month during the six month winter dry season (April 

to September) does not exceed 60 mm and drops to approximately 10 mm for July, the driest month. 

Despite this pronounced seasonality. it is unlikely that all species would have annual rings (Bormann & 

Berlyn 1981). Indeed, it appeared that visible growth rings in the other important canopy dominant, 

N. hildebrandtii. were not annual rings, or at least could not be identified easily enough to be useful 

(but see Worbes 1995). Nonetheless, investigation of rings in a variety of Sand Forest species is likely 

to reveal further species with visible annual rings, including species suitable for more complex 

dendrochronological analyses than were possible for C. schlechteri. For example, disks cut from 

branches of Pteleopsis myrtifolia and Croton gratissimus have clear and regularly spaced growth rings 

(pers. obs.>, and Wrightia natalensis is strongly dry season deciduous, a feature associated with 
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cambial donnancy and the fonnation of annual rings (Tomlinson & Longman 1981). Lilly (1977) 

described annual rings with a diffuse porous ring structure and boundary parenchyma in Albizia 

forbesii. 

Growth rates in C. schlechteri and N. hildebrandtii 

Annual ring widths in C. schlechteri were small, and correspond to an average diameter increment 

(± S.D.) of 2.66 mm year'l (± 0.63 mm year'l) for trees larger than 10 cm DBH. C. schlechteri is 

unusual in that growth is much slower in juvenile trees than in adults, with growth rings becoming 

progressively narrower. and eventually almost non-existent close to the pith (but see Tshinkel 1966 

cited by Mariaux, 1981). Also, there was no evidence that ring width decreased substantially with 

increasing diamater as in most trees (Fritts 1976; Schweingruber (996). Although year to year 

variability in growth was high, average growth was very similar in the five trees sampled. At age 80 

there was less than 5 cm difference in diameter between the largest and smallest diameter trees 

sampled. Age of the largest 39 cm diameter specimen was estimated at 150 years from the start of 

diameter growth, and a simple power function relating age in years to total diameter suggests that the 

largest trees in the Tembe area where these samples were harvested (>50 cm DBH) may reach 200 

years or more. 

Although I did not identify annual rings in Newtonia hildebrandtii, one radiocarbon date of 33 years 

for wood 37 mm from the cambial layer gives an average radial growth rate of 1.12 mm year'l, slightly 

lower than for adult C. schlechteri. The extremely slow growth of N. hildebrandtii seedlings (see 

Chapters 5 & 6) suggests that juvenile growth is slower than adult growth, as for C. schlechteri. Even 

if radial growth is constant and the above value is typical for N. hildebrandtii, this implies that the 

largest trees in the area, 150 cm DBH and more, may be over 700 years old, and exceptional specimens 

of over 200 cm DBH may exceed 1000 years in age. If diameter growth rates decrease with size and 

age, as is likely (Fritts 1976; Schweingruber 1996), large trees may be much older than these estimates. 

Adult diameter increments in C. schlechter; and N. hildebrandt;; are almost double those reported for 

canopy trees in a Ghanaian dry forest (0.7 to 1.4 mm year-I, Swaine et aL 1990) and slightly lower 

than has been found for Brachylaena huillensis growing in Kenyan dry forest (3.2 mm year-I, Kigomo 

1994). Growth rates in African dry forest canopy species, including C. schlechteri, are substantially 

lower than in a variety of southern and East African dry savanna species (6.5 to 38.4 mm year-I, 

Gourlay 1995), and at the low end of a range of values for canopy species in a neotropical wet forest 

(1.0 to 9.1 mm year-I, Liebennan et al: 1985) and an East African montane forest (2.5 to 

15.0 mm year-I, Bussman (999). 

It should be noted that samples were only harvested near Tembe Elephant Park, and growth rates may 

be slightly higher at sites such as Phinda where this species attains larger sizes, and lower at sites such 

as Ndumu where trees are typically smaller (see Chapter 3). 
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Implications for research. management and conservation 

In the five specimens of C. schlechteri, annual growth increments correlated well with tree diameter, 

and growth rates for all trees measured were very similar. Although the sample size is admittedly 

small, this suggests that tree diameter is a good substitute for age, and that diameter-class distributions 

(see Chapter 3) provide an indication of real population age structure in this species (d. White 1980; 

Condit et al. 1998). Further samples from a range of sites are necessary to confirm this. 

Knowledge of average growth rates is vital for the study of population dynllmics (Bormann & Berlyn 

1981), and the data presented in this chapter are incorporated in a simple population model for 

C. schlechteri in the following chapter (Chapter 8). The ability to approximately age C. schlechteri 

rings and whole specimens may also have wider application. The presence of fire scars in growth rings 

of old trees couid reveal the occurrence and frequency of forest fires over the last 200 years. If, as 

seems likely. species with exactly datable rings are found. there is the possibility of precisely dating 

growth release from small-scale disturbance events (e.g. Dynesius & Jonsson 1991). 

Although growth rate is just one factor influencing population growth and structure, diameter growth 

data can contribute to management and conservation decisions. With the slow growth rates 

demonstrated for C. schlechteri and suggested for N. hildebrandtii, it is unlikely that continuous 

harvesting of these species is sustainable. Although resprouting in haryested C. schlechteri may 

prevent the extinction of this species outside of formally conserved areas (pers. obs., R. Brereton­

Stiles, pers. comm.), current levels of harvesting will probably eliminate this species as a resource in 

only a few years. However, it may be hard to convince local craftsmen of this, given the widespread 

assumption that large C. schlechteri specimens are at most one to two decades old (pers. obs.). 

In formally conserved areas, there are very few C. schlechteri saplings, and particularly at Mkuzi 

Game Reserve, few individuals smaller than 5 cm DBH. Since juvenile growth rates in this species are 

even lower than for the slow growing adults. we would expect a reverse-J shaped size distribution, 

with a relative abundance of juveniles in a continuously recruiting population (Condit et al. 1998; 

Lykke 1998). This situation exists in undisturbed sites outside of conserved areas (see Chapter 6). 

excluding the possibility that recruitment in this species is dependant on periodic large-scale 

disturbance or unusual climatic events (e.g. Midgley et al. 1995). I have suggested that heavy browsing 

pressure by antelope is responsible for the absence of juveniles. and if growth rates presented in this 

chapter are applied at Mkuzi Game Reserve, the virtual absence of trees less than 5 cm in diameter 

indicates that there has been little recruitment through smaller size classes for approximately 28 years. 

This should be considered a minimum estimate as growth rates are likely to be slightly lower in the 

drier forests at Mkuzi Game Reserve. Given the long time taken to reach maximum size in this species, 

populations could survive for many years without recruitment. Nonetheless, the use of growth rates to 

predict population structure and estimate time since continuous recruitment bolsters the argument that 

high browsing levels are likely to cause a reduction in the population size of this critically important 

species, a problem that at very least requires immediate research attention. 
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Conclusion 

Growth ring analysis corroborated by radiocarbon dating indicates that C. schlechter; forms annual 

rings, and although it was not feasible to exactly date individual annual rings, the derivation of growth 

curves for this species is of considerable value, and should be pursued at other Sand Forest sites, and 

elsewhere throughout its extensive southern and East African range. The presence of annual rings in 

C. schlechteri suggests that tree ring analysis would be worthwhile in a variety of Sand Forest species, 

and at other southern and East African dry forests sites with a strongly seasonal rainfall pattern. 
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Conclusions 

Sand Forest in a global context 

Sand Forest in South Africa is relatively unique among tropical and subtropical dry forests worldwide 

in that the soils are highly infertile sands (cf, HOgberg 1992; references in Bullock et al. 1995; 

Gerhardt 1996; Gonzalez & Zak 1996; Oliveira-Filho et al. 1998), a large proportion of forest area has 

not been greatly disturbed by humans until relatively recently (see Chapter 1). and although very dry. 

these forests occur at the extreme southern limit of the subtropical zone. However, results presented in 

this thesis suggest that many aspects of Sand Forest ecology are similar to those recorded for other 

tropical dry forests globally. 

Forest structure 

Sand Forest has extremely low, seasonal rainfall and occurs on free-draining, nutrient poor sands (see 

Chapter 1). It is therefore not surprising that sampled Sand Forests were short and structurally simple, 

particularly at the driest locality. Mkuzi. Although dry forests seldom reach more than 40 m in height. 

the average canopy heights of approximately 1 to 11 m (with very few emergents taller than 18 m) 

place these forests amongst the shortest worldwide (see e.g. Murphy & Lugo 1986a; Menaut et al. 

1995; Murphy & Lugo 1995; Rundel & Boonpragob 1995; Sampaio 1995). Despite its low stature, 

stem area was moderately high. ranging from 24.1 m2 ha'i to 33.2 m2 ha'i. These values are normal for 

dry forests, but they do suggest that sampled Sand Forests had not been disturbed for at least a century 

or more (e.g. Murphy & Lugo 1986b; Swaine et al. 1990; Lowe & Clarke 2000 and see Chapter 1). 

Forest dynamics - regeneration from seed 

The study of regeneration in wet tropical forests has largely focused on classic gap-phase dynamics in 

which both pioneer and climax species (sensu Whitmore 1989) require or are assisted by treefal1 gaps 

to reach the canopy (e.g. Brokaw 1985; Hartshorn 1989; Whitmore 1989; Mabberly 1992; Denslow & 

Hartshorn 1994; Lieberman et at. 1995; but see Lieberman et at. 1989). 

Until very recently, the role of canopy openness in the internal dynamics of dry forest systems had not 

been considered (Mooney et al. 1995; Oliveira-Filho et al. 1998). mostly it appears, because it was not 

thought to be important in these short and relatively open systems. However, in the 1990's, a few 

studies found that the survival, growth and distribution of dry forest trees may be influenced by canopy 

openness (Gerhardt 1993; Gerhardt 1996; Oliveira-Filho et al. 1998). Interestingly, seedling survival 

was typically highest in shaded environments (Gerhardt 1993; Gerhardt 1996), and seedlings occurred 

in higher densities than in canopy gaps (Lieberman & Li 1992). I found a similar pattern in Sand 

Forest, with higher (or similar) densities of small seedlings in completely shaded subcanopy 

environments than in canopy gaps. Similarly, under experimental conditions of moderate drought 

stress, seedling survival and growth in two Sand Forest species was lower in full sun than in the shade. 
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Further, species composition for aU size-classes differed in gaps and non-gaps, and individual species 

were arrayed along a continuum of canopy openness (Chapters 4 & 5). This work contributes to the 

early evidence that canopy openness influences survival and growth in d?, forest seedlings, and as a 

result affects species composition. It appears that unlike most mesic and wet forests, where seedling 

regeneration dynamics are driven largely by light availability, patterns of seedling regeneration in dry 

forests are also strongly influenced by drought tolerance. 

These results suggest that seedling regeneration in Sand Forest, and probably most dry forests. is 

unlikely to be limited by the availability of canopy openings caused by small. autogenic. or large-scale 

catastrophic disturbance events (cj Everard et al. 1995; Midgley et al. 1995), and that most species 

are likely to have continuous in situ regeneration. 

Forest dynamics - regeneration by sprouting 

Of course. patterns of seedling regeneration are largely unimportant where the primary mode of 

regeneration is by sprouting (Midgley & Cowling 1993; Kruger et al. 1997; Ram6n & Fernandez­

Palacios 1998; Paciorek et al. 2000; Bond & Midgley 2001 and references therein). Tropical dry 

forests typically resprout strongly in response to cutting or fire (Murphy & Lugo 1986a; Murphy & 

Lugo 1986b; Sampaio et al. 1993; Miller & Kauffman 1998), an expected trait, given their low canopy 

height (Kruger et al. 1997). This suggests that in many dry forests. and particularly in relatively short 

Sand Forest, sprouting may even dominate tree regeneration in undisturbed forests. However. 

regeneration of important Sand Forest species was almost entirely by seed in undisturbed old growth 

forests (Chapter 3), as appears to be the case in the few studies of largely undisturbed old-growth dry 

forests (Swaine et al. 1990; Lieberman & Li 1992; Gerhardt 1993; Gerhardt 1996; Khurana & Singh 

2001). 

Nearly all Sand Forest trees do have the ability to sprout however. ud as for other dry forests. 

resprouting was the primary mode of recovery after large-scale disturbance caused by fire. 

Naturally water-repellent soil in Sand Forest 

To the best of my knowledge, the existence of naturally water-repellent soil has not been recorded in 

dry forests before. While sandy soils are particularly likely to develop soil water repellency (DeBano 

1981; Scott 1994), this phenomenon is widespread (Giovannini & Lucchesi 1984; Wallis & Home 

1992; Ritsema et al. 1997; Bauters et al. 1998) and is likely to be found in other dry forests. Pot based 

experiments indicated that water repellent Sand Forest soil exacerbates low seedling germination and 

survival, particularly in high light environments such as would be found in canopy gaps, and is 

important in dry forest regeneration dynamics (Chapter 5). 

The impact 0/ browsing in/orest 

In temperate coniferous and broad-leaved forests, primarily in Europe and North America, the often 

negative effects of high levels of ungulate herbivory have been well documented. Intensive browsing 

by various ungulates has been shown to suppress the regeneration of palatable tree species (Shimooa et 
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al. 1994; Putman 1996; Van Hees et al. 1996; Cornett et al. 2000; Zamora et al. 200 1; Kuiters & Slim 

2002; but see Mladenoff & Steams 1993) and reduce seedling diversity (Liang & Seagle 2002). Long­

term effects can include undesirable changes to forest structure and composition (Anderson & Katz 

1993), such as reduction in abundance or loss of tree species (Ammer 1996; GonzaIez Hernandez & 

Javier Silva-Pando 1996), loss of species from the ground-layer (Rooney & Dress 1997), and reduced 

songbird abundance and diversity (deCalesta 1994). 

Many tree species in conserved old-growth Sand Forest. including the canopy dominants, 

C. schlechteri and N. hildebrandtii. have size-class distributions which suggest that recruitment is 

greatly reduced by ungulate browsing. Trees shorter than two metres are vulnerable to browsing, and 

precisely these size classes are underrepresented or absent from tree populations. In old-growth Sand 

Forest, important tree species recruit entirely from seed, and often the presence of seedlings indicates 

that neither seed supply nor establishment is limiting. Similarly species with apparent regeneration 

failure do not appear to be dependant on some form of disturbance for recruitment and are capable of 

continuous in situ regeneration and growth in the range of environments. Inside conserved areas, the 

visible pruning of palatable species and the presence of a distinct browse line at 1.6 m, indicates that 

ungulate browsing may be responsible for the low recruitment of many species. This is confirmed by 

data indicating that regeneration of both canopy dominants is high in nearby undisturbed forests with 

no browsers, also eliminating the possibility that these forests might depend on unusual climatic 

conditions for episodic recruitment Even inside conserved areas, various species' regeneration was 

strongly negatively correlated with browsing pressure (i.e. palatability). Finally. nearly all planted 

seedlings were browsed in a six month period. indicating unusually high browsing levels. It seems 

likely that in conserved Sand Forest, similarly high densities of antelope over the long term are likely 

to cause the decline and loss of the most palatable species, probably considerably degrading the 

conservation value of these forests. 

The importance of ungulate browsers in dry tropical and subtropical forests has received little attention 

(Dirzo & Dominguez 1995). However, browser biomass in dry tropical forests can exceed 2000 kg km' 

2 (Karanth & Sunquist 1992), substantially higher than average values of 300 kg km'2 recorded in 

lowland rain forest (Coley & Barone 1996). Even when total leaf damage caused by ground-living 

browsers is only a fraction of the damage caused by folivorous insects and arboreal vertebrates (Janzen 

1981; Coley & Barone 1996), browsing can affect recruitment, changing forest structure and 

composition over time (Coley & Barone 1996). Reduction in seedling growth and survival caused by 

terrestrial mammalian herbivores has been observed in a few African tropical dry forests (Tsingalia 

1989; Swaine et al. 1990), but appears not to have been noted in dry forests elsewhere (e.g. Gerhardt 

1993; Diao & Dominguez 1995; Gerhardt 1996). Given the already low seedling recruitment as a 

result of harsh dry forest environments (e.g. Lieberman & Li 1992; Gerhardt 1993; Gerhardt 1996, and 

this thesis) it seems likely that in many conserved dry forests, even moderate browser biomass could 

have large impacts, and the negative impacts of high browsing pressure may be widespread. 
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Sand Forest in a local context 

Floristic uniqueness and affinities 

Although the Sand Forests of north-eastern KwaZulu and southern Mozambique are allied to dry 

forests of the coastal plain stretching through Mozambique. Tanzania and into Kenya (Tinley 1967; 

Tinley 1977; Moll & White 1978; Burgess & Clarke 2000, see Chapter 2), southern African Sand 

Forest does not simply represent the depauperate southernmost distribution of tropical dry forest on 

the east coast of Africa. Sand Forest in South Africa has a unique and distinctive species composition 

(Chapter 2), is one of the most important vegetation types in the Maputaland Centre of Endemism. and 

contains a large number of endemics and near endemics (van Wyk 1994a; van Wyk 1994b; van Wyk 

& Smith 2001). Nonetheless. we currently know virtually nothing about the southern Mozambican dry 

forest flora. 

Evidence for the existence of allelopathy in Sand Forest 

Matthew et al. (200 1) and van Wyk & Smith (200 1) have suggested that allelopathy in Sand Forest 

species may affect plant germination, survival and growth in Sand Forest soils, and is likely to playa 

role in the formation of the distinctive rings of bare sand on the margin of Sand Forest patches in the 

Tembe region and southern Mozambique. Matthews' et al. (2001) implies that it may even be an 

adaptive response to reduce grass cover at forest boundaries and henc~ exclude fire. This group 

selectionist argument, which implies a coordinated evolutionary response by a group of species, is 

unsubstantiated by the authors. The strips with low grass density at the edge of many Sand Forest 

patches may simply correspond to the root zone of forest trees, with the typically high fine root density 

of dry forest trees near the soil surface (e.g. Gerhardt 1996) outcompeting grasses. Certainly, I found 

no evidence of allelopathic effects. and in a pot-based greenhouse experiment, lower germination and 

survival on Sand Forest soils compared to adjacent savanna soils could be attributed entirely to soil 

water-repellency. an affect which was entirely eliminated by treatment with wetting agent 

Sand Forest conservation and research 

Dry forests in general, and Sand Forest in particular, are extremely poorly known. A list of interesting 

ecological questions would fill dozens of pages. However, I feel that the evidence presented in this 

thesis has a few immediate implications for research, conservation and management in Sand Forest: 

1. In order to properly conserve the full range of Sand Forest in South Africa, it is likely that a higher 

proportion of the drier, shorter Western Sand Forest subtype will need to be conserved. A thorough 

survey of the Mozambican range of Sand Forest is urgently required in order to properly set 

conservation targets across the region. 

2. Large scale disturbance by fire does not appear be necessary to maintain forest diversity at a patch 

or whole forest scale, and should be avoided. 
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3. Differential response by tree species to varying degrees of canopy openness means that even 

changes in the small-scale disturbance regime, such as would be caused by elephant, are likely to 

alter forest species composition, structure and function, and should be minimised if possible. More 

canopy openings are likely to favour common light-demanding species at the expense of more 

shade-tolerant canopy species. such as C. schlechteri. 

4. The impact of continuous browsing pressure by antelope in conserved areas in a system with 

naturally low seedling establishment and growth appears to be responsible for the absence of 

regeneration in a range of Sand Forest species. including the most important dominant species, and 

is likely to result in negative population growth over the long-term. This could cause dramatic 

changes in what appears to have been a very stable ecosystem until recently. Perhaps the most 

immediate way to confirm the negative impacts of high browsing pressure would be a comparison 

of the composition and species richness of the herbaceous ground layer and woody flora in 

undisturbed but unbrowsed forests outside of formally conserved areas with those inside conserved 

areas. However, I feel the evidence presented in this thesis is convincing enough to recommend 

localised culling to reduce antelope numbers inside Sand Forest. In the longer term. a research 

program to obtain a full range of demographic parameters under different management scenarios 

for important species is necessary. 

5. Low juvenile and adult growth rates suggest that even moderate continuous harvesting of adult 

trees on communal lands outside of conserved areas is likely to be unsustainable. leading to loss of 

a valuable resource even if resprouting prevents the extinction of harvested species. Again. a more 

thorough knowledge of population dynamics is vital in order to properly manage harvested species. 
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