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The present study was undertaken; withirl the South African "
savannas, to provide "insight into a j;unctional classification
of aavanna plants using ecophY$iologiLcal charact~:t's.THe
pri.mary r.:>bjectiveof this study Was to investigate the
vari.ation of these tt'aits throughout: the savanna, aridto
relate this variation to plant avail.able moisture and
nU~l'ie~~s•

!t was conclu.ded that~

1) no formal or specialized strategies have evolved within a
number of the study sites,

.2) unlike the woody component I neither divergellce nor
convergence was demonstrated within the grass layer,

c'

3) plant aVailable nutrients did not appear to be a major
determinant of either component. Although plant available
moistur~ proved to be unimportant in the woody layer, it
did playa role as a determinant of the grass layer, and

4) constancy of the plant traits was not demonstrated to
\":

OCCllr over the gr~~ing season.

A succeisf',\lclassification' would require the components to
be separat~pl specific determinan.ts be identified for each
component, and an element of time be included into both
edaphic and biotic measurements.
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There \ eem alway's to have been two ways of looking at the world. One is the \'everyday
way itlwhiCh objects and events, although they 11Ul}' be unrelated causaliy and irfiuence
each o.~Vler.are seen to be separate. And the other is rather a special way in which ewuy
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co~~~ AND ABBREVIATIONS ,:'

II
1.7,,=~,~tMCB!FPolLeXC.l¥mgg (Photosynthesis & rd~piration)

II\1
J.L1110l.~l-'2'E!"'1 := mg.m-2.s-1 x 22.727

'" I"_~I
II

l~lght !~.i.nt_en$ity:
i!,

w.m-21: = Ilmol quanta.m-2.s-1 = IjE.l\\-2.s-1
Ii
I:

Lea~~om~istenQ.f!
t ' _--_.:--._

I!

'~, 2', ..~ -2
g\.m li= g'9m x 100

!'

I!
~mtt1'a bre~\king strengtlJ.

'Ii

~~\\:1.. ':::1N.m I = c yna . em x ~0I II
,I
~ I., If

Plant \~ttribut~s*,

PHAX -
QE~ -
DR --
CP ::=

vre'!' "'"
SCI. ::::

SUC =(1

RAT t=

BARK t:!

BREi\I\ =:!

max.i.nlumphotosynthetic rate (mq CO2 ·m-2. 6-1)
'quantarm efficiency (fJ.E·mg c02 -1 >
dadr; :t'espiration (mg CO2 'ltC2. s-1,)
light: compcnaatd.on point (IlE. m-2 '1~-1)

leaf ; cbamber temperature ratio
leaf i:scleroPhylly (g. dm-2)
leaf' 'i:S;'.lCCUlen~,e(g. dm-2)
leaf ~:.urgia : dry weight ratio
woody '"bark tl({i.ckness (mm)
herbaceous lc::hninabrealcing stre1'1gtft
(dyne. om-I)

(i

* Uni ts were determined by ei tht'al the eXpltll.~ilnet~talequd.pment I
or by contemporary literature. S! conver-s i.ons arc given
above.
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Species lists3
/)
\~

A~rio
blued
]>",meli
.,Anigr
;/Anilo

,;1 ~tort:
, :l~)Cant
2~cara
Aharv
A-t.;etr
Bart'.i
Clf~ld
Capie
ccoll
G!lnoll
,'~\ZeYh,'.J,.l\\ela
O(;,line
Dcaff
Eu:bfiu
Gila'll
Gmont.
,llerr.'la
':.t:ndig
Ldisc
Lcapa
MSellf1'
Opulc
aobov
pafri
Rundu
Shirr
Sveno
spam;
Tcam~)
Tbra(t:
Tsed.
v:re11.:m
windi

heacta ~rioloba
Acacit" .luedE:\rit,~U
Agac.~a r~~era
b&~ n:tgre\~cens
Acacia rd. J,.Qt,jQg
Acaci~ tortilJ§!.
Acacia ~...enthonhlo~l
ftgg1'"iinthu£? El.l2 '
~lgizi~,harY..§YJ
mma tet:r::.ac?!)j:ha
Bnrkaa €tt'):ic~ns
.(:!ignt.1l9'.a.dsa h~~~r£ittdU
Comb:t:~rt',y.mapicul,acym '

-, Comb.rei::unlcoll:Ltfum
\\ ,Cpmbretum lI\o11g_ •
\f!d'mbr~tum 2!Jitv_het":L ,
~albergi.B xn~lanQ.r~v:lon
D.l:~lrostacl)~$\ gjJ:,l.S.lre5!
Do;,;~&l,i:.s;.caffr~.
IDJwa undul,a1;:.:.t!

, 9rr::;'t;lil .fl-avg
Gr_e\tllg :mont ico!£;
H~rmanni:~. ~..n
'lndigofer~ .~'
L~B ~j.s~plor '
.t.oncho(~_ar'pl1s, ~p~e.
~ay:t(',)nus .§.en!:.~9.B.;l~DB'ts
(Jchna llliJ,.gl1t~~\ . \,
Qzoroa (jQQ..vata \
l?e 1tOIlhQ..+:,um~J'r .i.Caw;nn
llliJ,ls y_n.llul a tn.
b'W.lerocat'~ birr.ea
f1~necj,.QyenOsn
fiQ1..anumt\~~n1!rafOl:l\1i
.~q,t.Qh()nsKt.h.\.~gamlillol:'qt;Ybl
X.@!:~ninalig Qr,achy:~:t;l~lnlns.
~g;r.min~1ia a~~iC€lg,
vit~~ l:::ehmanttj.i '
Wf!th~~riaindiSt.d.

Nomenclature foll(.~ws Gibbs
Gibbs
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Russell [~t!!l (1990)
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Grasses

Acong
Binse
C~~li
Cp).ur
.V)eria
DampJ:
Emllti
RIehm
Fpall;? • •:erl.gJ.
E:6'~,pe
Hacnt
Hfili
LsilllP
Mner~"pmaxi
Psqua
SS'1l1g
Spapt'
Sni9~~
Sspha
Snite
Ttria
UagrO;
OlClosa

study sites

Aristida, conggs~~
Bothr.iochloa ..i.nsculpta
Cencb,.ru.s piJ,.Jaris"
~~~m11Q.l2.Q.gilll I?lurinodi§.
ills..ital;:ia '.'er iantha
Di~eteropogQn amg!@c~p~
glJomirus· lUuticus
_r,Lr...@Sl';ostis le)J.mannianq
Er~r.g.e.j::isn_allel1§,
E:t~~gro~t...\.§_ rigidiq:r:
ErEgrRsti~ p'uperba
,~~er~~.D9.9gon ,96ni!.ortus
li~~arrhenia filipendula
L9..11get;j.j! s inml~x
M~ljnis ne~viglumjs.
RWlig_\tm !naiimum
~.9.s.Ql1arthJ;:iasg,\larrosa
.§phizacb.y:riUl!J,_?anguineulU
schmidt;.i..s pappophoroides
.SE;taria nigl.-iro~triEi.
SeJ;..sria §phncellat~
gporo,Po 1,11.2/'pj,:tens
~hemeda ;tx...,Villdra
tJrely:trum Mropyro;lqes
'yronJ}loa mosami:>igg_~~;d.s

//
1\
\\

Kl Kruger ..• s,lbi_zia par'lreyi I DiqhrQf':;!..t.ach~"l cinerea, savanna
K2 Kruger - Terminalia sericea savanna
K3 Kru,ge,c'" .QQ~retum-;a:eiculatum / combretnm col1inUlil

savanna,
,

Ml Mkuze'- Mixed Acacia savanna
M2 11ku~le - .Acacia,. ~,oea. savanna
M3 l'1ku,za - Acaci_g j:o:'rtili.§ I Acacia 1uederi tzii savarma
}'{4 Mkl.l.ze" COlnbret.um p_.n.ipulatul'!l savanna

Nl
N2
N3

Nylsvley - 13tl1;"kea. af:eican(! savanna
Nylsvley - Combret,1J.m.ru;1iqy_latumsavanna.
Nylsvley - AruJ9,igj::orj:ilis, savanna

Rl
R2
R3

Rooipoort: - ~ch..Q.nanthu§. 9Jlmphorl;!tus savanna Ii

Rooipoor:t ... beaeia ~.,Lif(!;r.s I Aq_acia tQ,t'tJ.l,iJ? savanna
Rooipoort - AQspig, .§'!J:'101oba / M5)cia mEtl1i:t;_aj;:asavanna

Tl
T2

Timbavati - Acacia nigres¢~~ savanna
'!.'inlbava ti - :;I!e;r.mipal,ia set"icca,_ I Dit"!b:rostacJllU~ DJnerqQ,.

savanna

I'[\
Ii
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SOIL VAIU~LES

AcrD
AmN2
Ca
~.'I

C.LAY

GDAYS

K

Mg
\.'-,

N2 '~

PC ;"~

P04

I:.; SAND
SILT

\",

" (?

;)

"

E)Ctractabl~ acid
Aoononfum nitrogen

1,1

Ii-

'"lei\~~\
\\ )J '

Percentage clay content
Number of days a1.r,a.i.lablefor plant growth, -Lnterms of water availability
PotassiUl1.i
Magnesium
tlitrogen

'organic carbon

Resin extractable phosphorus
- J;'3rcentage sand content"

,:""1

(perce~tage si~t content ~
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currant. \1 r"$earch ill \ava~as includes the ,l<SSD (ReSpon\es ~f
savanna\, to Stres,. aJ;Distl1rbanCe) programme. The Objel'tive
of this ':l,Pro<1FkUlll1le:is; td develop a pr.edicti ve understandling of
the wa~~1 in wl1ich aavannas ~'~spondto both m~n"'madeand

( :I '\

nat.ural :tUsturbances (prost et a1. ],986i wa\~ker and Menau;~
1988). W,;i.th~,nt,his prog:r.·amme,a project wasilproposed to '

'i I', 1\

((invettig,~tei!i the ,possibility of a functionall\Classification\ of
the "L,outh African aavannas , ·This ,;project wa~fdivided into tl:wo
compl~lTlent;ary s\:udie~, collecting data from IIidentical regiot)s
wi'thin the south, Afri«("~ savanna. The first '('was direct.ed .at; I:,

the commllnity ,level, concentrati~9 on the st~:"uptural aspects:I:~1
of the plants I(and their organization "within t~e communityl. !!,

II

r]h(.l second, the present. study, was directed solely at the
I.',

species level.

'l'he ad.msof this st\J,dy were twofold. The first i~\TaS to
invest.igat:e a hypothesized relatiot~ship between, various plant
ecophy;~·d.ological t:r.aits and suggested determi.nant:s of savanna
structure 'and function. A signi~;i.cant relationsl'lip between

I

'the two would provide valuable insight into a possible link
b<1tween savanna structure and function and lon<{,term
envir0\pU1elltal constraints. The second was to inves:tigate the
prospect of a functional classification of savanna plants at
an ecophysiologioal level. A 1\lea~'ingfUl correlatioJl between
plant strructarre 'and function, an9) climatic and edaphd c
variables, is believed to provictJ::\'"'~e tools needed to {)redict

, / , ) \
the responses o:ii, different vegetation types to long, t.t-~Jn \.l

environmental chanqe . The modifying effects of global
climatic chanqe have beAn identified as the single most:
important driving variable in vegp-tati-:"n change (Anon 1990).

i'_\

!I

1 From Picket (in prep) I I
\,

1
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The present study draws heavily on the
and Mooney (1978) that;

1/
o~if(servatiol~

II

of, Cody
I"

'I

"'l'he forms and fupctions of unre.Lat.ed organislms
that occupy similar but distinct habi tat::; oft<~m
'showparallels and similarities. Such
comparability has been used a~~evidence of th(r
strol'lg role the environment pJll.ys :.i;:nthe ",\
evolutionary process and of tbe li~,ited number' ()f

optimal adaptj.ve $,plutions to a gi,~en
envd.ronmerreaf C!omple)iCfI. ,II" Il.From t.his we are able t,o surmise that thE. selectl.on a<Ja.inst

carta; attributes, enables plants to develop strategies in
ord~r tl:> cope, with environmental cot.lstra~nt$. Different
plahts under si~ilar environmenta.l condi tiori~ are lj~kely to
evolve similar strategiesl as a consequence of the long term
imposition of environmental limitations.

I
Idelltifying the key or principal determinants If;f savanna
structure alld function is believed to be fundamental ill
improving the Understanding of savannas and their dynamics
and Ultimately improving savanna,mal1agement. The determinants
of savanna structure and function have been proposed by F're,lst
at !1l (1986) to be (1) plant available modst.ure , (2)

available nutrien.ts, (3) herbivory and (4) fire. The first
two are the primary deternlinants and the latter represent
modifications. A fifth influence~ Frost at aL (1986)

recognized, is the effect of' human activity which ma)' modify
tIle four d~termillants.

The development and use of a structural ...:(;'llnctional
class if ication is not; new. Hmtiboldt (1807) considered the
subject when studying broaq geographic vegetation zon~s,
using a biomass arrangemellt index for his classificcrtion .. '.
since Humboldt's contribution, various structu:r ..al-fm1ctio~1l
approaches have been fo~lowed. These range from selecbed
species, to biomes and geographical areas. The majority of
this litl3rature is centred around Rat.mkiaer's (1934) life
form concept. Hi.s classification was based on the positidh of

2
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the perennating organ during i::he unfavourable season (see

Adamson 1939 and Cain 1950 fo:I.""extensive reviews). ,
Raunkiaer's system 'has been. wn-dalyaccepted and apPlieaj,
mostly to compare t~e vegetation of different climates, but
has also been applied in studies of a locali.zed nature
(Adamson 1939, Butler 1954, cooper 1961,. Ra:ndall 1952,

Whittaker 1960).

Plant features other than the perennati119 orgarl have been
considered in structural. and functional studies. These
include leat size (Adamson 1927, T.{aunkiaer193'4, Webb1959 I

Parkhurst and Louck~j1972, Werge);.'at· a1 1987, camez'Lck and
Wex-gar1981, Knight and Loucks 1.968, Givinish and Vermefj
19')'6,Werger and Ellenbroek 1978). vegetation reproduction
(Butler 1~,S4, Gimi11grham1951, Randall 1952) I methpd of
dispersaC )umata 1958, Randall 1952), leaf temperature
(Gsbss 19'(f8), leaf consistence (Cowling aI~dCampbell 198:; p

Loveless 1962, Morrowand Mooney"1974, Werger and Ellenbroek
J.978) , . phot.:osynthesis (Bal<:,occhi §..!L a:.t,..1987, Black 1971,

Friend and Woodward1990, Pearcy et .9.1.- 1987), to name but a
few. This list could be e:>cpandedto include almost any
autecological feature of the plant. The val:'iation of these
attributes has I in many cases I been l~elated to local
errvd ronmentiat gradients (eg Webb1959, Beard 19415f Collins
and Jones J 985, cowli.ng arid Campbell 1983 I G~vinish and
Vermeij 1976). The predominance of tropical and, to a lesser
e:>ctent, Medite,rranean vegetation types is evident in these
studies. Similar studh~s in savanna vegetation are , however,

o

conspicuous by their absence ,

In what is probably t:.hemost effective statement 011 the
floristic composH~.i.cmof South ,hfrican vegetation, Acocks

!j

(1953) concentra~ed on the proportional species composition
I. ''.of plant communit.i!~~- This classif Lcat.Lon has I howeverI its

ahor-t.comdriqs , as its deve l.opment;was based on comparing areas
of similar farm:tng potential. Igmn-ing the agricultural
Lmpoz'tiance of vegetation I Rutherford and Westfall (1986)
classified the southern African vegetation on the dominance

3
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and cO-(iominan:::teof plant life form£{on th..e basi.s of climatic
J'

iildices.

<'\
Proportional specd.es composition' provides a classification at
local lewl:ls !ilhere i~ter:t:'elationships' bErt:Weenvegetation and
othel~ patterns are eX~}ltined(see for example Frost 1987 I

\'1hittaker ~t. £!It 1984). The identity of the species within a
floristic classification rests heavily on the Linnaean syst.em
wllich assumes that each speoies is unique in its functional
behavdour , These epecf.es may display variable funotional
responses over their geographical range (Ga~ph 1986).

Should the savannas consist of functionnllyunique Linnaean
specd.es , functionally based. classifioations \tlOuld~ ill' t.h:i,s
instance, have little practical use. It if3 suspected,
however, that the savannas do consist of both a fe\'l' unique
species and a large number'of functionally sim~::J,arspecies
which can be condensed into a significantly smaller number ,,')f
guilds. Classification based on functional characteristics
rather tihan solely fl~rist:i..cs would circumvent the
impracticabili ty of research ing \\every savanna commun.lty. This
would allow extrapolations of e'~bgical predictions to other
like-responding or fnnctiona1ly 6\iinilar savannas to be made~

'I':'_'
i'Global climatic change over the next half centairy has been

widely forecast (Walker and Dickson 1988), and H:. is likely
that the savannas will respond with a conbd.nat.Lon of
functional, structural and floristic chanqas Q In order to
predict the direction and magnitude of these changes, a
platform or model (Figurc~ 1.1) linking savanna plants or
communities, or bobhq to environmental gradients is required.
Data for such a model.may only be drawn fr,om studies that
record spatial o:l",temporal changes in savanna plants or
com:t,~tmities.

A spatial study, as with the pr~sent study, relates Changes
in vegetation compenerrcsor aub-componerrcst.o primarily
edaphf.c, climatic or oth~~r gradients 0 'I'emp()ral studies take
one of two approaches. 'llhE.~ first requires 1:he studying of
long te:cmphotographic 01:- managementrecords I or both (eg

4
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Randall 198B, Shantz and Turner 1958).. The second approach is
the a.pplication at; field scale experiments to measure the
effects ~tl; extreme events (see Walker and Turner 1990).

\:

j!--------.----- .......-~------------'..---..--,--
l.vailable n 1

-.~~-------0 ~~----~..

'i, !:t1Utr.ients

Available moistvre
Figure 1.1. Aft' example of a simple mod~l describing possible

direction of adaptation of an attribute '0' in response
to a change in either pLant; available moistur.e and
nutrients, or both.

..._._--~-.......''"'------'----------

1.1 DEFINITION' OF TERMS,

Savanna is used in a biome sense unless qualif:!ed by a
specific locality oX' type (eg Nylsvley savanna Or.' ~urkea
suvanna) , A savanna is doscribe(l, in thi~, study f as a
nectrropf.ca l eccsystiem occurring in a strongly I~easonal
moisture J;'egimc3 (Scholes 1987). It has a corrt.Lnucua
herbaceous layer of predominantly C4 grasses and a
discontinuous woody layer. :kutherford and Westfall (1986),

and Huntley (1982) argue fat' further descriptive SUbdivisions
t'lh:ich lie beyond the scope CJf this study.

Woody r?lants include trees (?' 2 til tall r few ste:ms) and
shr-ubs (<: :~ til tall, mul'ti-fstemtnedj"Forbs are thla non-

( !

gx'aminoid component of the herbaceous layelr, .'whichare
pE,riodically conspicuous 1:o11owing drought; or qood 7cains and
often ()CCUl:' in areas of heavy herbivory.

5
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strlict.:.u:r;~ refers to the distribution of plant biollltisiS in
space (both, horizontally and verticall.y) wi~;tlirli a givel? :plunt

o cOll1munity (l{nigb:t;.and Loucks 1968), while funr~t:.:i.on refer.r.:; to
the prQduc·ts and processes of the ~).a.nts'\iph.ysiological I!

the erivironme.ntl}Isystem Whic;h are apparent adjustments to
(Fosberg 1961, Knight and Loucks 1968). (! '!

r.ki..f consistence is defined as the fi.rmness and thickne$;s of
a lJr~f (see cc~wlin9and Campbell 1983 I Warger and Ellenbroek
197d,. succutence refers to the maxf.ma),water ,content p~:r.

Ii '.1 I'. ,1 .le~f area, and sclerlJphylly refers to the dry we;i.ght pe(lle~f
area . -<:::,-,:Cc ':~~.

()

))
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The prefi;ent study is :pot (i.ntonde? to represlmt a nrQ-fQrma or
definitive system, but ~a,ther to, serve as a "stimulus ot·

fl '

platf,,?rm f·ol- 'future research Lnno the merits and demefi ts of
a functional ctpproadh tf.') vegetation classificat!ion.c~,\.. ()

. "'\. I

~n add))~ssin~ a Poss~blEe relatio~$h~~1 be~wee~ . . ,...
ecophys.lologl.cal tral. ts of plant!!:.and cll.matl.c and edaphf,c
constraintr>,' the following topic~( wilJ. be addressed.

(I) PLANT A'l'Tin:mnE RANGE

'lthe ailtJ of t.his $e~:!tion is to compare the variation of
"1~)J.antt£'aits that OCCt~l:" at individua.l sites within the

South Afri.can savanna" to (that of the total variation of
~. 'the b;Lon19.

l:t is assumed that plants have~ through a proceas of
rlatut:al sel~ction, dez'Lved attribui;::es ~lhiah enable them
to persist under the cons+radrrcs i;rllposed, by the
envirotllnent. It would then follow that th~, attribute

) .

range at anyone location wi thin t.he savanna would be
less than the total range of tbat attribute (see Figure
1.za ) •

If t however t ·the a'ctributes are randomly distribut,ed
throughout savanna, as would be the caSe in the absence
of determinants of both structure and :function, the
attribute range at one loc~tion (study site) would equal
the total variation of the entire biome (see Figure
1..2b).

Implications
If 'the variation at a single location within the savanna
is noticeably less than the tot:.al variation, tha
assu.mption of Cody and M()oney (1978) may hold true, ie

7



that plants under similar environmental cOlldition~ have
~p.\Tolved sim~:la:rstrategies.
r,l

.j~'~----------------~.------.--.....------------~--
/j

(a)

I
,0

/ r'I,.,

Attb I
T.....

"Biome 1 2
\ '7".

I (b)

I I I I
3 u 13iome 1 2

FigurE""1.2. A simple comparison between a savanna that has
been lnc)uldedby its determina.nts (a) and a savanna that
has no determinants (b). vertical bars symbolize the
variation of an attribute (Attb) for the biome and
selected study sites (1, 2 &'3).

---------------------------~~-----
Alternatively, should the attribute variation at
individual sites equa), that of the total vari~tion of
thEt'savanna, than it may suggest tliatth~ savanna may
6~nsist of a large variety of functionally unique
species. This in turn would make a functional
classification ineffectual.

Investigating each plant trait studied in this manner
creates t.he opportunity to compare the'three structural
classes, namely, trees, grasses and forbs.

(II) SEASONAL CHANGE

Tj~e aim of ti/,is section is to de.ltermine the consuancy of
epoPhysiolo9ica1 traits, as fUnctional characters, over
the span of a single g:rowin'g season.

B



The absence of possible statem~;nts on seasonal va):.'lation
"of plant traits witl;l.in structural / fu~cti.onal studies

is cause for concern .. It is obvious, but:"-'~ell worth
mentioning that the repeatability, and hence the
strength, of any experiment relies heavily on the
ccns'cancy wi thin "clle data.

Imp-lications

Th(D repeatabili tv of the nreseut study and others '"I·.... ,.£. _ ...

depends heavily on the variation of traits over a II

growing season being markedly less than 'the variation
within a species at any point in time.

spin-oft~

Plant att:ribu~<'1smay be divided into two ca,pegor:!.es, ie
those that vary"over- 'a; growing aeason and thtt-\'ilb.",~>atdo

) /"

not. The distinction between these two types"'\ol:'
attri,butes will not only p,rovida additional d..t~,formation
concerning their autecology, but will enable plant :"
'l:.raits to b':l selected tt1ith greater in6igh;l: if a

, '\
subsequent functional study is undertaken .\\,

II

(III)'DIRECTGRADIENT ~~ALYSIS

i) '.rhe aim is to determine whether, ecophysiological trai,ts
vary predictably with a change in either available
moisture or nutrientd, or both.

(I

ImplicationE! !I

If plant traits show a distinct pattern or trend along
ei ther nutrient or moisture, gradie11t, bhen a simple '
approach maybe opted for (see Figure 1.1). Similarly,
confidence int'el"vals may then be attached ,to predictionr.;;
of possible attributes that occur i~ a knownnutrient /

(/
moistur.e regime and vice versa u ;:

'\
,\

~,
\\

I)

"I
I
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Alternatively, if no pattern is detected, along either
grl!'lientt two options l.'emain\j The pattern has been
mask(!!dby either noise pr gr&dient(s) other than
moisture or nutrient." or aecondl.y, no extractable
patte'en exisus within the data collected.

/ - ,

'. I

Spin-offs
(I

Due to the limited autecological kn~wledge aB0ut ilianyof
the "savanna plants I information gaiw~d in the pneaent;
stu:u~ is aniil1lportant spin-off in itself.

(IV) INTER-SPECIES ANALYSIS

The aim of inter-species analys;j.~ is to deterlnine
functional similarities «(.11:' diff~renceG~) be'(.,;weenplants
/ species occurring at differeut points' on/the moisture
/ nu'trient plain.

ImplJ;,(,;;ations

A functional cl.assifica: 'on assumes that different
I ..

taxonomic speci'os have strong functional'similarities.
Functional similarities between different floristic

"species undersco~es the role of ecologIcal equivalenQ~
(within savannas. A prediotable relationship betwe~n
functionally equivalent spe6ies, and climatic and
edaphir; gradient.s would faci1i tate ex,trapolations from

,I I

one skvanna to the next.

If, however, the savannas consist of a large var~at¥ of
functionally unique species, the savannas (World'~ide)
may be functionally unique. This would :naturally negate
th~\ possibili ty of a fUllctional classification both
within and between the: biomes. Emphasis could thEm be
shifted aw~y from the community (and the system) to the
biome as a whole. This would divert current attention
from veget;)tion change within a pa:rticulai'"savanna type

;'
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I
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to the biame as a ~lhole. Th.is shif't in emphasis WOUld,
in tU:!:'r.;, enhance curz-ent; trends in global ccnsarvat.Icn,

,:/

.s.P-in-offs.

Functional equivalence of speci~s is playing a greate,
ro'1e in tbe selection of plants in rehabil.itation
ecology. Increased knowledge of these species may lead
to a dt'anlaticreduction in the import 'Of alien plants

G

~llto an area that requires revegetat.ion and
rehabilitation. Indigenous plant species that are fDund
to be functionally similar to those plants commonly used
in rehabilit.ation projects, could be caJ;'>ital.i~;;edupon"

I)

(V) INTnR-SI~E OR01NATIONS
(I

The aim Of inter-site analyses is to evaluate functional
differences between plant communities which occUr under
different available moisture and nutrient regimes •

.ImttlipatiQns

If plants growing under similar environmental
constrail1ts do encou(\lteJ."similar evolut.ionary pressures,
then savanna commun#U':esI as separate units, would
consist of an unique' set of strategies which would
enable theln to cope and exploit the uni.que edaphd.c and
climatic constiradrres they encounter. strategies could
thus be used to t'i.escribe each community. By examinir)g
the soil and moisture ~egimes, conclusions on the
functional \corrcerst;I of the community could thEm btl
dr.'awn. \ \

If, however, no relationship exist between savanna
communi ties and deterh1inants of both- structure and
function, three possible scenarios :may exist.

11
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(A) No correlation exists between the plant tr~~ts (at a
d}mmunity level) al'l.d'the int.ensity of 'the

I

(E~ Mm;'e than one~. ' ..
i' slngle set of

environmental gradients. ., ,_,

strategy may be\su~ceSSfUl 'under"
envi:ronmf:11'lta]"constraints.« -

I.:

CC) Plant strategies are derived from a different set
1/

(ancient) environmental constraints.

o

It a strong corre~\aticn exists between plant traits (at
a co:mm.unity level)' and the intensity" of environmental
gradients, it would be necessary to sample only a
limited number of savanna communities. From this, both
functional and struc'l:ural understandings could be
projected to other similar savanna communities ~ithout
the need for additional studies •

.12



2.0 METHODS

, 2..1 study Areas

}<'iv« study areas were selected within the South ~\frican
aavannas '(Figure ~L1)" Selection was based primarily on
annual x:-a,infal1 and geolQ9Y. Mean annual rainfall within th(~.
South Aitican savannas ranges between 2,00 mmand 800 rom
per annum (Rutherfcrd and Westfall 1986). r.rhe requirement of
turg:i.d pla!)t material for many of the procedures us~d in the

I)

present stt'dy liral.ted selection "f possible study areas to a
ra.il1itall gradien.t of approximat~jl~t 401) mmto 750 mmper
annum. Each study !area was rept"es'~nted by :two to fouX'!pitef'!
selected on the follo~;.1ingbasi~il; (1) local lnean annuat
rainfall, (2) par(::nt mat:arial, (~l) vsgetation type and (4)
local ecologist's' and manager's :cecommendations. The

I

ecologist or manager was requ~~s1:edto recotamend areas that
were (a) lightly grazed, (b) burnt; a",=C', firr, frequlimcy of
approximately five 'years and (c) soils o.f either a
'fertilet(eutrophic) or 'in.fertile' (dystrophic) status.

:2 .. 1.1 Mkuz~ Ghnte!iteserve
I

Th(;~Mkuze GatUO Reserve is managed and adminis'cered ty the
o c I')

Natal Parks Bo~t"d. The ReserVe (27 ~O' to 27 45' 'S and 32 05'
u ,

to 32 25' E) is located on an ancient coastal pla'in to the
east ..:Jf the Lebombomountains in north eastern Natal. rrhe
climate t summavi.zed by Goodman (1.S91) I is warnt to pot (18.8"

e

C to 2'7.1 C) and humid, and generally considered to be ~emi-
arid with an annual potential evapot:t'anspiration greatly
exceeding annual rainfall. Annual rainfall is highly seasonal
wi th thf-:! mean rang-il'lg between 600 nun and 800 lum J;)7.3r annum
(Goodman1991).

C' 13
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,A total of four study sites were selected \-,d.-thin the reserve.
I

\ I
1\
\i
\
~.,.~1 .1. 1 Mixed Acaci_g savanna (Ml)

An open woodland to grassland domfnatied 1;'>YAcacia rdl.Q~_;i_c:q,
lWaciq ,:!;ortJ,li::;, a.nd the occasLonel, hgacia ni_g.re~cen§. tree.
The grass layer consists of Thergeda trjand~s, ganicum
901oratum, :Panic\lll\ :maximUIIlati l!1;r5!.£trost;:i,}! superQs. Tho
community is located on vertic clays (Goodman 1991) on basalt
par-ant material.

Riverine forest and wood.Land typically occur-s on -alluvium
(Goodman 1991). The dom~,n6<nttrees are Aca9Ja. ~f!ntho12h~Qea,

IIAcaciq tortil:i.r;;, Rall'yoltili-Jlcat:fl.:f! and ~~~r.i9htlJaemet.i,cq.1 and
Azirng tetracantha as the dominant shrub. Ccnehrus cil:iaris
--~.-. -=. -_ .. ,. ...........,_.-.-...-~-._..'--"=~ ~~~'_'__"';_~"~~..-~

1.4
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and ;eanicummsximumwere fbund to be common ,in the grass
layer.

I'

2.1.1.3 Acaciq tort_:i:llii I ~cacia .J~)led.@ritziisavanna (:M.3)

Described as dense thi(;kat I in plt1f;!es ilnpenetrable (Gql.)dma~
,I "t'

• !" .. ,.'. .. .. f. ", .. //1991), occurr me on! f~.at, poorly qlrcu.nfi'~dvert.:w clays! and
'. '. .. //

hydrolUorpbic 91ey $oi1s. nomi.nant; wood,yspeed,as are Agl3ciq_
, ~

.1uede+,j:tzii, Acac,t.,atortilis and [Ellcleg, llnd!,11ata. Impo~):'tant
./ .,'/ ,'I

grasses are (.Sporot:)olus. .ill-tens, ,Bani.cumma~;!mumI ii
.Qactyl.octenium australe I EnterQi,jogon mOJ]Q!,;'cachyous,and

/panicum deust!J.m. /

2.1.1.4 ,9ombretumap_iclj),~tumsavanna (M4)

I, '

Open woodland dominated by gOmPretum aQtgglatu~, Acacia
nig~~scensi Themeda.triandra, Heterppogon and c~mbopogoq
excav~tus. The Comb:retumapiq_ul_gtumsavanna"is limited to the
crest slopes, occurring on lithosols consisting of a high
concentration of Jozini Rhyolite Fornlation (Goodman1991).

A~\the end of the growing season (May/June 1989) the h..'!.
!1~~,Qtica (In), JL... xantl1oph~J! (M2) and ~ lID.i.culatum (M4)

I

5i \;es were resampled so that a possible change in attributes
5tH,died over a season could be detected.

2.1~2 Nylsvley Provincial Nature Reserve

The savanna biome study site at Nylsvley ('240 40' S : 28° 40'
E) t is locat.ed on sandy soils about one meter deep, d~~rived
front sa.Udstones of the Waterberg series (South African
Geological survey 1978). The Nylsvley area is of 1m·] relief I

undulating between 1080 m (Nyl River floodplain) '~nd 1140 m
(low 11i11) altitude. The climate has been summarized by Anon
(1975), and Huntley and Morris (1978, 1982). Approximately
90% of the mean annual 1cainfall of 620 mmoccurs during the
period October ((through March. The mean daily maximumsumm(~r

15
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(,tenlperature is 28.4" C and the mean daily ma>ti;mumwinter
temperatur:e is 22.3" C !' Relative hUn\idity il~low leading to
an annual potential e,japotranspiration greatly e:Kceeding
annual rainfall. A t#tal of three study sites "were located
wi1;hin the reserve. j _~'"

The vegetation type is broad'~leafed, dominated by nurkea
.afric~na it "~he tree layer and Eragros,tis p'aJ,Jens in t,lfe

gr'iFs layer. soils are dystrophic, well drained and: shallow
with a low clay content (Blackmore at a1 1990, Frost 198'7).

2.1.2.2 combretum !1aiculatum savanna (N2)

'!lhis ~ava:r;:)lais dominated by combretum .rull...c_ulatum, Combretum
moll~ and vitex reh.mahnni:i,. in 'f;he woody component, and
Diheteropogql! a.mru,ectens, ,1.oudetia. _§;imple~and :rhemed~
triandra as the dominant spedies in the herbaceous layer. The
community i~ located uphdLl and", away from the Nyl flood

I" -,\ (]

plain. T1;lesoils are Shallow lithosols of a poorly developed.,

structure"and are underlain bY felsite (se~ Frost 1987).

2.1.2.3 bcacia t9rti~is savanna (N3)

About 15% of the Burkea savanna is}pccupied by a fine-leaved
savanna community, dominated by A~acia I;ortili,s with CencJ:lt'lls
ciH.aris and Aristida congesta in th~ grass layer. Acaciq
nilotioa, .Ilichrostach~s. cinerea and SclerQcarya, 12irr~a are
common trees. These communities occur typi.callY in discrete
patches 50 to 500 m in diameter, and are associated with
soils with markedly higher nutrient status (see Blackmore at
al 1990) despite having a similar origin as the surrounding
B.\!~keasoils.

16



2. ]. ..3 Rooipoort Pri'lra'l::e Game Reser.i.re,
II

The Rooipoort Privata GumeReserve is owned and managed by Pe
Beers consolidat~~d nines Limited. The reserve occurs on
Kalahari sands, and is sit:uatsd apprmdmately 50 km West of
Kimberly in the Northern <Cape (.280 39'S: 25" 17'E). No
formal climatio data arE};collected within the bounds of the
H.eserve or neighbouring tarnls. Rainfall is said to be 16w
avt:\lraging less than IJ:pO mmpa (Acocks 1953). Summer
temperatures f.t:eque~·~t::I.Yexceed 400 C and freezing
temperatures are comaon d\.\ring the winter months.

2. 1•3. 1 Tat:r.honantl')Jl§.QID!mhoratl.l$'~savanna (IU)

The Xarcb,on.:;wthus campb.o:+stu$.savanna ger~Arally' occurs on
deep sands with the pr'esence of a prominent calcrete l,ayer (0
to 150 rom below soil surface). ~. QS~phoratus and Grew),a
flava andr to a lesser extent, Rhu:::gjliq_t.f,lare the important
woody plants, with Cencbrus ciliaris I Cy:robopog:on, p).urinodis
and Schnd.dtia Qappopll0x::oides as comuon grasses.

4.1.3.2 Acac~.a mellifera I ACag;!.atortill.s savanna (R2)

This cOllllnunity is typically an open shrubland dominated ry
Acao l.a mellifera and Acacia tortilis with a grass layer
dominated by ,g!ragrost,;i.s ,.ehmanniana and ,Gyrobopogon
plurinodis, whilst Heteropogon (,on!:or~us and Arist.ida, sp (cf
A. mollissima) occur in low densities.

An Acacia, Slriolobg_ and Acacia ®.J.lifera contbination is common
on the Kalahari sands forming a'il open thicltet • .schmidtia
pappophcroic'!es, g.tstidg,_ Q_ongeJffifi and Xo:ragrostis J,e.hmantliana
are dominants in the grass layer. Herm,annia sp (cf H.
tomentosa) is a common forb, occupying vast areas of the. soil
surface.

17
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Kruger National Park

The Kruger National Park (22" 31' to 25" 30'S; 30Q,45' to
32" 02'E) is situated in the Eastern Transvaal Lowveld. The
park encompasses a variety of 't,jiegetation 't.ypes (see GreYli~)g.;
and Huntley 1984, Gertenbach 1983) of which three were
selected.

2.1.4.1 Albizia harveyi I p~~~t~chys cinerea savanna (K1)
1/

This study site is situated to the south east of the Lower
Sabie camp (.250 16'S : 31'" 55'Er~ The study site Is located
on we),..!. ,drained Raroo sediments underlain by Sabie River

--/ - ,

Basr,£ts with an occasional intrusion of dolerite (Gertenbach
\'------~:~--->

1983) ~-Rainfall ranges between 548 rom and 600 lll1\- paw Average.
'.'

d:jily temperature,s range between 33.6" C (Februal:'Y) and 8.9"
(: (June) (C'Jertenbach 1983). '1.'h9vegetation is dominated by a

numbez of widely spaced trees of Sclerooa:r,ya bl"rr~~, Alblz:i,J!
ha.J;:.yey:i,.pichrostac}1~s oi.nere(! and ~t.e11..q@_s_enegal,_~nsis. f.~he
hezbacecua laye.r. is dominated by Themeda triandra and, to a
lesser e:x:tent t Dig1tar i.e: §'~riantha.

2.1. 4•2 Terminal iC! s~:riceg, savanna (K2)

The site ..is located to the south east of Pre"c,oriuskop (25"
11'S : 31" 18'E) on well drained sands of g:r:anite. and gneiss
parent material (Gertenbach 1983). This vegetation typ\':! is
dominated by Termi!Hl:lia _$ericea and Dichro~t;_~ ,giner~ in
the woody layer, with !Iypal:rhenia filil:1.(~mdula, .aQh.i.2':ach:'l1;:.i.:!JJJ!

-: sang,1,l.i.neum and P'ihetf1'!t'op,QJl9.1lS!mp).ectens as the dominant
grasses. 'l'he annual rainfall varies be.tween 600 ahd 1000 It\lt't

'With an aV(i~rageof 744 mmpa (GertenLach 1983) A Average daily
temperatures range between ~2.1" C (Marcb.)and s.a" C (June).

18
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2.1.,4.3 ggm..bretul!l .fin:!,oulatum/ COmQretull\coLU"I.lll.m savanna
(K3)

II

KnOWIllas the: Malelane Mountain Bushveld (Gertenbach 1983), Ii

thif3 cornmun;i.tyoccurs on shallow soils underlain by archain
II

granite rock formation of the Swazile.nd System. T.b.estudy
si te occura to the east of Pretoriuskop (250 12' S : 31~
23'E). Annual rainfall varies from GOO to 700 mm(Ge:ttanb~ch
1983). The ve9~tation is dominated by gdmPretum .fi~igu~~,
c • .QQllinum and Q. ~QEll':i and, ·to a lesser extentp
%f~mip~li~ ~icea in the woody layer. Dominant gr~sses are
Het~rQPoSQ_tl cQntortM, !!..Y1!!P_9Q.Qg.QnplurinodiE. ana
Di.he.tero]2Q9:Qlls\IDP-lectetJ,§..

"

2.1..5() Timbavati Private Nature Reserve
, !)

I)

r:ttwo stuw sites were select.cd ~ithin the 'l'imhavati ~"'~serve
(24°28/8 : 31.°30'E) which is situated adjacent to the Orpen
Gate of the Kruger National Park. The climate is dryer than
the study sites within Kruger Natin.nal Park, with rainfall
averaging between 550 and 600 mmpa (Gertenb~\ch 1983). ~{ean
monthly tempera.tures range between 8.9" C (~Tune) and 33.60 C

(Felbruary) (Gertenbach 1983).
)

2.1.5.1 ,Aoagj..anigre§;(,'!ens savanna ('1'1)

This site is located on a Gabbro parent; material with deep
clayey soil of mainly the M~Yosoil fo~~ (Gertenbach 1983).
The v'egetation is dominated by ,A.caci.a"nigref?cens and the
occasional Grewia f.lCl'l/1!and !J. montic,QJ.a. The grass la.ye:t' if5

dense, dominated by Theme.daj;:r.iandra al1d HeteropPSQ!1
contortus. '1'he,grasses Urochloa mosambi"cens:lm. and plgjj:a:r.j,.@..
.er.i.antM are common.

II
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2.1.5. 2 ~.x:.mina.liape;;::tcM / :Qichr9stacq~ cin~r_@fisavalfpa
('l'~) f

Located ortgranite and gneiss uplands with many dolerite
intrusions (Ger~enbach 1983). The soils are s~ndYt dominated
by Hutton and Clovelly t and Cartref and :Ferr)'aooclsoil forms.
The vegetation consists mainly of Sclerocal.:Y;S~;lrrea,
Terminalia ~..sU;;i(::gsand ]Jichrosbl.cllyscinere§.~ The herbaceous
layer is dominated by Parlicum :ma~i"mum,Erl'!W~ostis rigidic)r
and Digit9~i4 eriantha.

2.2 DATA COLLEC1'ION

2.2.1 Plant Data

Plants were selected using a plotless sampling method within
each study sit.e.Selection was on an g priot:i.basis as a
function of their (1) ecological dominance, (~) distribution
and (3) autecology. Ecological dominance was defined as those
individuals that constitute a significant proportion of the
plants thnt occur wj:'I::hinthe study s:i.te 1 in both density and
biomass. Plant distribution is defined as those plants that
occur at lower densi't:iesbut at an equivalent frequency to
the 'ecologically dominant' plants. Highly clustered or
locally grouped plants that uo not occur throughout the
communi.ty were avoided. Finally, plant species that were
viewed as au'cecologically important; eg indicator species,
were included in the study. Within each study site
approximately ten individual plants were s~lected to
represent each species. criteria adhered to whilst selecting
potential plants were as follows:

(a) The selected individual plants were evenly distributed
througllout the study site (within the bounds of t.he soil
sampllng strategy see section 2.2.2 below)f

20



{b) !,the: plants were disease free, and

was absent or negligible.(c )/:rrlinimaldisturbance

se!I.ectio~ of the plant • • IItraJ. ts were acoozdf.nq to two pre.:'
r(~quisites, namel.ythose that; (1) reflect \'the species
I";'ivolutionaryadaptation rather, than itp immediate environment
or history and (2) are taasily measured in the field.

\\
r..(lhereis almost no lind t to the number of plant features that

,:

CQuld be used '{n a structural-functional analysis. Any
autecologicaf ''attribute is potentially suitable, whether it\\)
be moisture requirement, nutrient requirement or light

:, 1~pendence. Some, however, are more easily observed than
I'--\~others. Various attributes of plant structural and func'.i.~onal

aspects were selected within broad areas of net carbon (C02)
exchange and mor~holo9Y. These attributes, it is believeqi
will index the species rathe:t' than the Lndd.vd.dua.L,

2.2~1.1 0Photosynthesis

A portable infrared gas analyzer (IRGA ... Licor 1(00) was J.lsed
'/

In 8i'I;.\1, and in conjunction with neutral density filters, to
establish four par~'!r~eterswhi~:qwere derived from the

-"",'<

relationship between irradiance'hnd pllotosynthesis (Figure
2.2')\.

For each illdi vidual plant studied I the leaves (fler.·e ranked
"

along each branch or \>;ithin each tuft:. ~ccording :::'0 age
(undeveloped to mature) I< Only young, f~,~~~C<·' '\'(!ono1 fully
expanded leaves that occurred naturf,.11y in' 1~1~~r ' ~lJ.rllit;{\,twere
selected fOl·photosynthetic studies. '1'hele.\ii;,v~~were placed
into the chamber so as to cover approlt:.mately 2'5~of the
chamber; surface area ,

To minimize stolnatal heat loading and closure, dark
respiration and low light intensity photosynthetic
measuzeraerrcs were recorded until the light intensity
approached 2500 IlE'm-:I•s-1.. 1'hereQ.fter iull sunlight ~:'ea~~ngs
were recorded until ambient tempf.:!ratures reached 28uC" Dark



( \ i/
respiration'.jf/ates were achf.eved by placing the, chamber in a
light-tight container, and the lower light intensities by
shading the leavesofor 10 to 15 minutes prior to, and during,
photosynthetic sampling.

------~.~,-------------------------

Pmax1- ....
o - 0··'....- - - - - - - - - - - - - - - -
l...-_-.l- ............,__

Int

Figure

o C 2500
Irradiance incident on leaves

(pE'..m" 2 • s..·1)
(( i
Ii '/

L
:2 ..2.. 1m example of a Photosyntr~etic: irl'adiance
r~sponse cUrve. Pmax= maximu~photosynthetic rate at
2.500 (pB·m-2 's-l) ~ A = quantu,n efficiency, Int == gross
da~k z espf.r'atii.onrate and C 1/ light compensation
poarrt , (I

1/
(f

II

i\

The Licor 1600 chamber was sealed and the fan and pump
activated to allow for equilibratioI1. Photosynthetic readings"
were recorded OI'l.Ce the C02 concentrations within the chamber
began to drop. Fresh unused lee.'..f material was used for each
reading. chambr > sampling times were adjusted according to

/

th6 rates of e02 uptake or release (full sunlight ± 2 seconds
and low light intensities anct dark respiration'up to 10

seconds). Photosynthp.tic data were discarded if the initial
chambez C02 concentration w~s greater than I or less than, 4
to 5% of the ambient concentration~\

22



·r-lhe photosynthe~ic data were
differeri;bes between readings
(Campbell )1977).

corrected,for slight templature
by the following equation l\ 0

II,

peT)
(1)

- p • .----------------

Where
(,"C.
"\_:)

P(T) :::;i

p :::;i

TL =:

TM ::=

A :=

\\
photd.l\sYlltheti,c rate corrected tor temperature I

observed phot.osynthf'~tic rat;e I

the leaf temperature,
the temperature :for maximumphotosynthesis,
and
constant, (°3';,;: a. 4 apd 04 ::::2". a) .

I

The gross leaf photosynthesis was ~stimated by the non-linear
model baSed on a rectangular hyperbola (see Johnson and
Thox'Illey 1984).

p ::::

,~'

A"I"PM
A"I + PM

(2)

where P :::J:) gross leaf photCi\l3ynthes:i.sr

Ao.~l? initial slope of the curve (quantum
~\ efficiency) 1 In)

I .- irradiance of photosynthetically ~pti ve
radiation, /'

Plol ~/! phcccsyn+hesf,s ,st Yihichno llet increase ,of
. photosynthesis occurs, and

C ::;::intercept (Included so that dark respiration
may be determine.d directly by the model).

,(

From this model the follow.ing wet,s dezLved (J?igu:r:e2.2),

- maximumphotosyilthetic rate at 2500 J.l.E :m".2s""'t· (full
aun l.Lqhti ) r

- quanuum efficiency (mg C02 per J.tE ah~orbt:!d),

- light oompeneatn.cn point (l:.tght in'tensi ty at which CO2uptake equals C02release) .md

- dark gross respiration rate (mitochondrial respir\)tion rate
or CO2efflux a't zero light inten'Sity) .1,

In addition to the photosynthetic data, the leaf : chamber
temperature ratio was calculat~d to form the attrl.bllte LTCr.t·.

23
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2~2.1.2 Morphology

Scler9Phylly and succulence
N'

<./ -:
'/ " 'j

From 30 to 50 first and $(~cond fully expanded leaves (see
photosynthesis above) we~r-ecollt2,.,.)ted from tetcl individuals of
eaoh species. The H~av~~swere~ moistened, detached anc! sealed
\V'ith their pe·tioles or sheaths submerged in, water, cooled to
approximately 1.''' 0 C and stored overnight. The leaves were
blotted dry and then weighed. The area was determined using a
planimeter (avet'age Cif five replications). Tha Leaves were
then dried at 15° C to a constant weight,and t.hen re~weighed6

li~romthi~ data the following were dete:t'~nined (see cameni.ck
alta Werger 1991, cowling and Campbell 1983).

(a) Sclerophyl1y - defined as the leaf dry maSs per leaf
bifacial area (g·01\1.--2)

(b) Succulence - defined as the> maximal leaf water content
per bifacial area (g·dm-2).

(0) Leaf turgid : dry weight ratio.

(d) Lin~~ar relationships betl>1een leaf dry mass and leaf
t'a:gid mass, and lea.:: dry mass and leaf area.

Bark morphology

Bark thickness (see Knight and Loucks 1968) ~,\'asdetermined by
chiselling a 2x2 em hole through to sapwood 1.5 m from the
ground. :t-leasurement wes limited to the corl;:: layer of the
tr.llnlt. Wit.hin each study site a total of 20 tr.ees for each
spec i.ea \'](.;reselected and a minimum of thr.ae readings
measured on each,

Grass lamina breaki12g strel1gtll

Estimates of the tensile properties was recorded for first
and second 2cully expanded lamihae of each graws species

\'~ltudied using a tensilmeter described in l'larte\ns and' Booyscm
\:

I' 24
/f

) \



(1968). The breaking .force of grass lamina are reported as
breaking tension (dynes p,at'centimetre) (see Martens and
Booysen 19G8, Theron and Booysen 196B). The test section of
the .leaf was l:imi'tedto the middle 2.5 em of each grass
blade. The breaking tension was calculated as the breaking
mass x gravitational acceleration (9.8,2ms-2) per ~ddth of
the broken edge in c~. The brealdng strength of 30
individuals was recorded for each species.

/1

2.2.1.3 Plant water relations

Four attributes may be deri'\redfrC:'lll the relationship between
leaf water potential and rele.t.i v~ leaf.water corrcerrt q and
trans~iration rate and relati,;'ei~af "'Jatercontent. The
characters are as follows,

(a) Maximum transpiration rate,
(by Leaf wat;.erpotential at. Rtomatal closure,
(c) Leaf water potential at wilting, and
(d) Leaf osmotic potential.

Leaf w~.ter potential was measured using a Inodified filter
pap:ar.techniquQ described in Al I<hafa:rand Hanks (1974),
Hamblin (1981), and MCQueenand Miller (1968). Branches "lere
cut and grass tufts were excavated and the plant material
placed in. shade to dehydra:l:e.First and second fully expanded
leaves were collected, at intervals of 10 to 20 minutes
depending on ambient conditions, and packed into plastic, 20

rol scintillation vials. A strip of Whatroan No. 32 filter
.paper, (10 x 30 mm) of known weight, was curled into the neck
;\of the vi.al avoiding contact witllthE")leaf mater.ial. The vial
\I.wassealed and stored, on its side, for 30 days in a light
tight container at approximately 12° c. By a process of
successive removal and weighing; the wet weight of both the
fil ter papaz and leaf nlaterial and the dry weight of the leaf
material (entire vial dried at 75" C until constant weight)
wer:e determined. A total of 10 to 15 vials were filled for
oach species. Each species consisted of a minimum of eight
individual plants.
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calcUla~io~~ of leaf water p~tential followed the procedu:r;
given 111Campbell a!ld Ge~~(1986).

The relationship between~ leaf transpiration rate a,nd laaf:
I'

water potential was exp~;es~ed in terms of three (
II 11

charac;:eristic paranle-e.eirs(Figure 2.3) (Cline and Campbell
i,'

1976). ~
I,
:1

-"'"""-- __ I~ ..;:.I.:---.----t---..----,
TIU ·.~-r--·----·-·

/ : 1/

"

,I

!.--L-- • ~-.L-. ,_~__'_----'--_
I ' ":'

Leaf ~~t~f;<t;,otential-1
I

. .
'1'

Figure 2.3. oiagra:mmat:icrepresentation of the relationship
between transpiration rate ('1') and the invel';seof leaf
water potential • Tm e:.: maximul'nt.ranspil ..ation rate, S ::=

stomatal closure and W := wiltirlg, point.

----------. ---------

Relative leaf water content (RWC) is defined as

~et weight - d~ weiglt~ (3)
turgid weight - dry weight

(S1;!9 Slavik 1974) 11 Three to five 'leaves were sa:mple(i fro~'TItho
branches or tufts and placed into vials of (kno~n weights and
sealed. The vials were refrigerated at appzoxfmatieLy 10 c C
unti 1 weighed (.wet weight). The le.aves were, dried to a
t::onet.ant wt;:ight~at 75 <l C and re-weighed (d~::'yweight). 'l'urgid
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weights were calculated from the standard curves derived in
section 2.2.~~2 aboVe.

':Llherelationship between leaf water potential and relative
leaf water content (Slavik 1974, Tyree and Hammel1972)
desc:d.bes the pressure volume curve (Figure 2.:3), from which
leaf osmotic potential may be determined.

r----------.----------------------------

LWP
q.

Ii

b

Rwe
. .. . - (/F~9ure 2.3 .. Dlagrammat&c representation of the relationship

beb;e~ln leaf wat.er potientri.a'l, (LWP)and relative water
corrcent; (RWC). By solving for the intersection between
the curves a and b , the osmotic potential (0) may be
q,etgrmined.

-----. (\

2.2.2 Soil Oata

A sin~le profile was"exciH"ated to bed rock or to a depth of
1.5 m, '1lheprOfile' was described (FSSA 1980) and classified
(MacVicar e~ al, 1977). A 'total of 17 (5 surface, 6 A and) 6 B
horizon) soi.I samples ~,l1ereoo l.l.ectied in a 50 mm x 300 mm

stainless steel tube.

BuI k density was calculat,'l!d from the mass per volume of the
sur+ace cores. trhe. cores were tihen sieved (2 mmmesh} and

'.
I
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dried to a constant telnp'erature at '75" c. The stione fraction
was determined as the mass (g stones/g soil) of the inorganic
};>articles greater than 2 nun. For each site the soil samples
were bulked to represent an average A (3 to 6 it. horizon + 5

surface samples) and, B (3 to 6 B horizon samples) horizon
samples.

\\\rfie samp"..;eswere analyzed for r
\,

\\ /

Total nitr.ogen1 (A ho~)i.zon only) \.\sing the digestion
metbod (Dorich and Nelson 1983) and ammoniumnitr.ogen
methods (Keen~ 1982),

I:;
organic carbon- (A horizon only) (Nelson and somner-s
1975) t

Resin e>l:t:t'actable phosphorus1 (Murphy and Ril(;~l 1962,
Sibbesen 1977, 1978),

" --"Majof cations (Adamson and Irigram 19~7),

pH and extractable acd.d (Adamson and Ingralrl 1987) I and

Texture uoir.lg the particle size method (Black 3.965).

Potential L)iomass production2 was determined by seeding the
soil samples with Plmicum maximYmand harvesting the biomass
produced at regular Lnner'vaf.s , Biomass assays dari ved ft'om
site. Hl were water s'tressed throughout the experiment and
tlms were exc.luded from the anal.yaes ,

,
saturated hydraulic c(.mductiv.i.tyl (Ksat,) (Antoozegar and
warrick 1986) of the surface soil was detet':mined il~ situ at.
each aod l sampling point •..

Soil data (excluding poten'tial biomass production data) w,as
sent to five experts ~:n the field and a pedologist.to rank
the soils from least to most fertile.

Number' of grf'JU~:''l days available for plant. growth (Growth
days1) \-Jas d~eermined using a wat.er ba.lance model (Scholes
1 Picltett (In prep).
:2 Fr.o:mFeuchtenbeiner - Walsh (1990).
1 P:ickl'lt (In prep).
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unpublished data) which estilna'tes pl.ant; available moisture
derived f,rom rainfall sel:iU911ces(simulated 100 year rainfall
sequences - Zl,!.cchi,niand Adamson 1984) and potential

u

evaporation on a daiJ.y basis (Lineacre 1977).

2.3 ~ata analysis

:2.3.1 Season

An instantaneous measurement of the ecophysiolo(.fi\C~,l of a
plant attributes (usecf)in this study) assumes that the
attributes do not vary with time. Data was collected from the
Mkuze study sites (Ml, M2 and !44) at the beginning and again
at the end of the growing sT~son. Direct gradient analYElis
was used to highlight the variation of the individual
attributes OVer this period. statistical analysis wa::: J.imited
to a comparison of meall$ (SAS 1902).

\ 1\
:? • :3 .,? /1A~~ribute J:ange

I,' ;,

\ I

The dominant growth forms in savannas are the woody plan1!:s
and the grasses. The t.wo oomponentis differ not only in the
position of their perennating organ as In Raunkiaer's (1934)

life ft:lrm claSSification, but also in the entire complex of'
genetically-deterlllinc?d pheno Ioqd.ca I , morphological and
;r•.•.i'roductive characteristics I suggesting a "E;Qundecological
distinction between the two groups. Physiological
differerlces, for at least aavanna plants in Situ, between
woody and 9,,"ass elements remain uncompar'ed , Tp.e p:resent study
p:t'o'Tides the opportunit1' to compare both physiological and
morphometric processes between tht~ two components.

A comparison of means test (SAS 1982) was used to <loterminc£!
whether thj;! woody and grass division is; a valid flln'?tional~!
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distincticm at a physiological level. Forbs were excluded
from the comparison due to th{eir limited numbers.

"

"
"

2.3.3 ~~vironmentaldata analysis

The environmental data may be di vidad into cnemf.ca),and
physical data, and supplementary data (potential biomass
production index, number of ~rowth days arid ecologists »and
pedologist "s rankings) ~ The aim of col.l~ction and analysis of
environmental data was two fold. /'

/

\

\
a) Determine a fert.ility index fo+"each site drawing on the

soil "chemical analyses, potential biomass production
o

ind~mand ecol"gist Ts rankings.

( (

Soil data (bo'th pbysica.l and chemical) were ordinated
using a pr..'incipal component analysis (Fatti per s , COlU..4).

A similar, but passive analysis (see Ter Braak 198B), of
the SUpp'1 omentznry data was overlaid onto the soil

\ II

ohell'lical ,ct physical ordination. The overla¥' 'creates the
opportunity te, infer a fer.t!J.ity index from the poterttial
biom~ss production dataf ecologists' and managers'
expezd.ence , end aspects of the soil physical and chemical
data.

The .r'CA CJl:'dinatJ.onwill indica:te whether the remaining
elemE!mtsc.)f the su'pplementary data set have compounding
eff.6ctr~ on inferences ft'om (~ither index.

b) Rank'the sites aldng a plant available moisture and
available nutr:lent index within. a biplot ,of these two

Ii Lndfces ,

4 Professor P Fatti t .DepaI't~ent of Statistics, Un!ve~s:i.ty of '
the' l"'lifwatersrand, J~flal'mesbtirg.
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2.3.4 Direct gradient. analysis

'l'he attributes were plotted against indices of plant
avai.lable moisture ~nd nutrients to determine whether the
attributes vary predictably al.ong these gradients,

2.3.5 Inter-species co~parisons

Species attributes were ordinated using a principal component
analysis (Ter Braak 1988) to determine inter-attribute
cor.celations (Fatti pens , com. 4) for woody, grass and iiforb
elelUents~ Information pertaining to both functional grou.ps of
species and their strategies may be obtained from the two
orQ.inations.

2.3.6 Inter-site compariSbns

The investment of carbon i:gto plant biomass draws heavily on
both available nutrient and water pools (Chapin gt al 198?,
Lambers ftt 5!l. 1983 t ~·~auenro1.:hat ,aI. 1978, McDermitt and
Loomis 1981). The study sites were selected primarily on the
basis of rainfall and soil fertility, and these gradients may

\_,! '-',;

be indirectly expressed within the plant c>r community
biomass. To determirAe var Lacd.on \IIithin the plant attributes
on a stUdy site basis, the attribute must:.be expressed II as a.
function of the total biomass of each study site.

Irotal 8ite bd.omassrwas divided into both the woody and grass
components dar.iving iIltar-woodv-si te ~mdinter-gJ:'ass-site
~omparisons rstSpectively. The :J;orbcomponent was eXCluded
from this analysis as the forb d~J\sl'i:.ieswere significantly
lowel:"thart eithar th(~ woody oz': gf:ass components. Biomass
estimates I for both ~loody and grass species, were defined as
the product between the average basal area (m~'ha-l) and the

4 Professor P Fatti, D~partment of Statistics, University of
the Witwatersrand, Johannesburg.

\\

31



average height1• For each study sit~, the biomass of each
species was expressed as a fraction of the total woody or
grass component biomass. The species with highest relative
biomass estimate was assigned a rank of 1.00 and the
remaining'species ranks' calculated proportionally. Each
attribute was then multiplied through by the proportional
biomass rank estima.te. The attribute data wete ordinated
using a d.etrended correspondence analysis (l1'attipars.
com.4). By using this method it is believed that functional
differences between sites that experience diff~rent moisture
and nutrient constraints can be obtained.

(,,,_I

'.'\, t~ \

ri' .

\ \

1 picltett (In prep).
4 Professor P }itatti, Department of statistics, Univers.i ty of
the witwat.ersrandI ,Tohannesburg.
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3 .0 RESULTS

3..1 EXCLUSIONS

If was necessary to exclude 6. number of measureraent.sfrom
the study prior to analysis. These 'V/ere(a) the water
relations section and (b) photosynthetic rates of the
wot')dycomponent at the, first site at '1'iw.)av6.tiGame

/ .

Reserve, and {cJ the leaf consistence of the grass
oompcnent;at die second study ~.Jite at Timbavati Game
Reserve. Just,;.ification for the exclusions is given below.

A pilot s\tttdy on the filter paper tecl).fiique for the
estima.ti()n of leaf water potential sllggested an
equilibr~ition period of four days for illJ,uslongifolia and
five to 'seven days for Termiu_ql~AseAic~a. Fear of
insufficient equilibration til!le arose and it was /!

suggested that the equilibration period be extend~
betWeen 25 and 30 days. . ,,~/'

A 25 to 30 day equilibration period led to the leaf
mater.ial degrading and; in many instances, large amoun·ts
of mould was present within the{ equilibration vials. Both

I'

cellular degradation andt ;fungal cjrowthwould have
released bound water, incren~ing the water potential
estim~te t:.6 a nonsensical leve.!... Pf'lllowil1g:":his x'easoning
together with spurious results, the water relations
section of this study was omitted from analyses.
Information was, however, retained as the potient.LaI of

Ii

the technique in determining plant water potential is yet
to be realized.

Each sampling period~ except that at Timbavati, was
preceded by subst.arrti.a), rain allowing plants t.o I'l'iach
comp.l.et.eor near complete turgidity. The '1'irnbav',ti Nature
Reserve, however, experienced an ea;ly winter drought,

"

particularly in the fu_ nigre~c("ms savanna ('1'1). To
counter the lower soil water potentialS, individual

33
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plants of each specj.~s were sele,eted and watered (100-300

1 / day) for Ithree days prior to sampling. Despi,te tIle
watering, it was J.)elieved that the \f9Lter status of the
woody component was not equivalent to that of the other
study sites and the photosynthetic studies were therefore

(\) sacrificed. On returning to the second site fur the
collect:d.Ol"lof herbaceous leaf material,'{, it wa~,discovered
that the watered gl.ass tufts had senesc:ed beyond
recoVi~ry.

"3.2 PLANT ATTRIBUTE RANG2S
II

This s.dction compares the variation Of ir.dividt\~t si tea
within the South ,~frican savanna to variation of: the
biomj" (see OBJECTIVES I above) e

;!
I

FO;r.; the woody layer J tht~ attribute range of at least one
I'

sjtte approaches pr equals that of thf'4 total savanna
~ttributes variation (Figure 3.1).~ Similarly t-lith 'the
/grass layer (Figure 3.2) I attribub.~ ranges of a number of
s.ite/s approach that of the 'total :range. 'Ithia is,
r~articul.arly prevalent:. for sItes N2 (quantum efficiency
and light compensatd.on poin·t), U3 (dark respiration) and
M3 (leaf temper(J.tur~ : ambient temperat.:ure ratio and
sclerophylly) for the woody component; and sites Hi
(quantum efficiency), and N2 (sucoui.ence and leaf
turgid; dry ~llf.ight rat:io) for th~ grass component.

IPor both t.b~ woody and grass COlllpOuentst the data that
constitutes a site is highly variable. This can be
recoql1izod by the standard deviations a.bout thQ means, in
many cases, lying beyond the minimumand maximulUpoints.
The most striking feature of the attrib,\~te ranges, is
tl1at the mirlinmnt,maximumand strandard deviation are Q in
tt',ClllY cases, unique for each 8i te (see als'" Direct:
Gradient Analysis below). /1

J

comparisons between woody, grass and forb cor(lpon/~nts i':r.*?
9'iveri in Figure 3.3. Despite the hiqll degree of /i6v~n71ap
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Figure 3. ~ Comparison elf tb.if individual sites (/'to the total
vai'i3t:ion of the ~:mtire savanna woody cdmponent. The
axes are given as plant attributes: (Y axis; see below)
versus study s.1.tes ,(X ai1ZJ.s).

j

The diagrams are gi\r,enas; (a) Max.t,'mumPh,a,.t,b'~Yntljr,etic
rate (mg C02 m-2 s"'l), (b) Quantum efficieiicy~"x !f03
~p;E.mgCO2 1) y (c) Gross dark respiratiori, (mg C~a ·m-.s-l), Cd) Light compensation point x 10.2 (p;E.m2.~-
1), Ce) Sclerop~yl1y (g.dm-2), (f) SUc(~l;(l~nce(g.dm-2),
(g) Turgid : dry weight rat.io, and (h) Bark tbickness
(mm) ~, " !\

Tot == Total variation for all sites, rdte a<'1dresses are
given in ABBREVIATIONS, and points are given as
maximum, minimum and standard deviations about the mean
(x) •
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li'igure :}.2 Comparison of the Lndivictual s Ites to the total
variation of the ent.Lre savanna grass component. 'Phs
axes Bra given as plant att~ibutes (~ axis; see below)
ver-sus stUdy 5i tes' (X axis).

The diagrams are given as; (a) Mcucimum photosynthetic
rate (rugCO,>m-2 5-1) I (b) Quantliltl efficiency x 103
(/JE·nlg CO2 kl), (c) Gross dark respirat;ion. (mg C02:' -m"
2'5.-1), (d) Light compenaat fon point x 10-2 (/.£E'lU 2.;;-
I), (e) Sclerophylly, (gl.dm~~2), (f) Succulence (g.dm-2),
(g) Turgid: dryweit]h.t ratio, and (h) Lamina breaking

" strengi;;h (dynas em-I).,_,

'rot ~"'rotal variation tor all lsit:es, site addresses are
given in ABBREVIA11'IONSI and pod.nhs are given as (~)
maximumt minimum and standard deviations about the mean
(x) •
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Figure ;.3. Ra\ as, means and "tandar<l deviEjtions \1iven for

woody; ~~,ss arid forb layerf);t p-co, 001 suggests a highly
, sigll.ificant difference bet.t1een woody and grass layers.

The a~es are given as plant attributes (Y, a~is; see
below) versus study' sites (X axis).
r.Ilhediagrams are given as (a) Ma~imumphotosynthet~c
rate (mg c02 11\-2 s-1), (b) Quantum efficiency x ,103
(pE,mg C92 ,1), (c) Gross dark respira.tion (m<;1CO2 ·m-
2'$-1), (d) Light compensation 'point ,/.'E.m-2.s·-1), (e)
Leaf temperature : chamber (ambient) temperature ratio,(f) Sclerophylly (g.dm-2), (9) Succulence (g.dm-2), and
(h) Turgid : dry weight ratio.
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between the woodyand grass ma)Cimumphotosy.nthetic., rates,
the difference iin mean values were ruarginally
significant. No significant differences in quantum
effiCiency, dark res,;piration I light coapensatucn point
and leaf:chamber tem~erature ratio were detected between
the ~woplant 'types.

I
An ;~~ampleof the dari ved and observed photosyntheti.o
curves and i:equations for both a grass and a woody
speciest are given in Appendix A.

'III A sighificant difference exists betweem the attributes of
, leaf consistence for, woody plants and grasses (Figure
3.3. ).

3.3 SEASON

"'1'his section determines the constancy of 'rCophysiological
traits, as functional characters, over 'th~)span of a
single growing season (see O}3.)'ECT!VES II above). \

Bark thickness was the only plant attribute t.O remain
unchanged over the season for all the woodyJnants
studied. Large differences do occur between the beginning
and end of a <~l:\~wingseason in .manyof the remaining
plant t:rai ts studied. Serving :merely as examples, tile
differ.ences in lamina breaKing strength of select~ed gra,.;s
species are presented in Figure 3.4. The remaining
breaking r::trengths are presented, to(jt!ther with tbe other
traits, in Appendix B. It must be.,noted that seasonal
differences in leaf phoccsynbhes i.s cannot; be measured
with any statistical siqnificance, giVen the l.ill\itatiom~
of tIle non-linear algorithm used. LQ.r~gedifferences
betw~en the two sampling periods have, however, been
highlighted.

38



(1f)
220

I)

(b)
300

125

II

135

',_,,' c,

I~

r---- .......-----'~..., .._._---~-~---____,

30

Rove.ber (1988) June (1989)

30 ,11. _

T
D 1»0.05
.L •

I i~~ . ..._~ ...__~_. _. -I-
-

110'101001' (1988) f :.1 .lune (1989)

Figure,(3.4 .. The change it! lamina bl~eaking strength of
grass species I BQ.tl1.riochlt'laim';lculpt~ (3),
Dihej.:er~opogonamplectens CD)I Eragrostis su~el:ba
\E} and The}tledag'iandri! (T~~.",betwecanthe ~~ginning
and end of a g:tow.:tngseason for s~tes ,Ml (d) and M4
(b). statistical d:i.fferences are given as p values.



These,i'differences nin 'l:he plant attributes ('oth~:r thCin,
bark tbi.ckness) were not consistent with eithe\i species <> <:."

or attribute. This obs€rvatjon effectively groups the
att:ributes used in this study into a category which
requires a seasonal comps)fient,for them to hi;l.'lJe an

.J \l

application' ~n a functional ciassificati~m (see
OBJECTIVES II above). Th::~significance, of this
observation is clisdussed in greater detail in sections
4.1.8 and 4.4 bel~w.

3.4 SOIL ANALYSIS

A principal component analysis was used to enable
cOrl:.elatiol'~between the soil variables to be detected.
}I..n abridged interpretation of the PCA ordination b.i.plot
is as follows (consult Jbngman ~t pl t987, Ter Braak 19~a
for detailed explanations):

The intersection of the a:r""s (. ,: .. ) represents the
r ',',

sample mean or nodal point. The ar~ows r~present the
approximate direction of the Inaximuntvariation of the
variabie, whereas the length of the arrow equals the rate
of change in that direction. The anqle between respective
arrows provides an estimate of corr~lation. Arrows that
point in the same direction i~~icate positively
correlc{ted Variables, perpendicular arrt:>wsindicate a
lack of oor:r.~:tationand arr9ws pointing in opposite
directions illdicate negatively correlated variables. The
principal component.s (axes )\\may be quarrcLf Led by dropping
a perpendicula~~ from each variaple to the respecti Vel

\axes. The proportional contri.bution of the variables to
each princi.pal component; is the length of the segment
from the nodal point t.o,'t.he intersection of the"
perpendicular with ·the axf.s ,

The fi:.:st principal component of ·the soil analysis
(F'igu:re3.5)'comprised entirely of phys;ica! and ohend ca I

, \
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va.riables. The position of the chemical variables in the
ordination space suggests that a plant available nutrient

/7
90

AXIS 2 .

.•- I

Tl
ACID

M2

. ..~:::::- . ,

Kl Hl

-180 \ "1-1~ __ --L_.~ .__ ._" !_

-180 AXI~1 215

Figure 3..5. 13iplnt based on a principal component; Ii

a.nalysis of so:t'l(A ho:t:'i2.f'lll)variables corrected"
for I£i;tone fraction. Eigenvalues are 0.763, 0.411,
0.127 and 0.059 for the first four axes.
Abbkeviations are presented in ABBREVIATIONS above.
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index would possibly ~ie ~r.J the right of the origin. The Ii

position of this index may lie on, or. to either~side of
the first axis. This in turn suggest that study sites MI,
M2, Kl and '1'1should be consLdexed as nutri~nt rich 9i teB
and NIt N2 and M4as nutrient 'poor.

A passive ordinat.ion of the soil ~~)tility ral1kings of
the eQOl09~sts a~d potential bi(pma~lsproduotion e~timate
for each, 5l.'te (Fl.gure 3.6) _( suppor;t;s th.e hypothetl.cal

,., \\ '.-1

posi tioninq" of a nutrient index wi thin the ordination
space discussed above.

(,

AXIS 4

100

-100l -! '---_,_-.JI ..w

-180 AXIS1 220

Figure 3.6. Passi ve principal oomponenba analysis (based
on Figure 3.5) of intuitive \fertility' rating~) by
five ecologists (EX) and a pedologist (PEDOL), and
a potential biomass (BIOMASS) production assay for
the 15 study sites. Eigenvalues are 0.651, 0.423,
0.125 and 0.02.3 fot· the first four axes.

-----~-,------------------~,------,--------------------
Soil nitrogen concerrcracdon was faw;mred by 1;:he
ecolo(jists when scoring the study sites for fertility ..
'l.'wo of the five eC4.')logist.s favoUl:'ed an ammoniumnitrogen
/ magnesium / calcium ccmbf.natdon, whereas the remaini.ng
three ecoJogj sts consid~r total nitrogen, potassi.um and
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/
phosphcrus as important indicators of soil fertility. The
pedologist, however, indicated a greater importance of
sandy soils in the facilitation of plant growth, and
hence ignored ths :l:01e of fine fractio~\s in the nutrient
status of the soil. This fertility estiinate was thus
excluded from further investigations.

_ -)

The potential biomass production assay wLthin the passive
ordination (Figure 3.6) il1.dicated that the relati ve
fertility of the stUdy sites is synonymouswith the first
principal cojAponent(cf Figure 3.5). Despite the
limitatiOntl~f the biomass production assay (see section
4.1.6.3 below), the agreement between this parameter and
the eCOlo~stst ranks and chemical and physical data
resulted}n the potential production assay being used as
an i-qdittor of plant available nutrients.

The se~n~\ pri.nCl.PS.lcomponent of the env.Lromnentia l
varia~e ordinatioI) (Figure 3.5) was composed, to a large
degreit of soil moisture (GDAYS). The soil physical and

chendea1 variables, howevar , do play an important role in
the derivation of this axis. This\\.s~<i1geststhat plant
av~d1able moisture and available nu{,}ient indices are not
independent. This aasumpt.Lon ;"JaS mn";ie at the onset of

\this project (see PigW,,21.1). The lack of Lndependenoe '

may be attributed to ~ :!

a. the numberof growth days being calculated as a
fUnction of both average al"!J'fI!i'] rainfall and soi.1
texture. The latter, parti(mlarly the fine fractions, !

had a. strong posi ti ve cort-elation (see Figure 3.5) (_,
with the mineral nutrients, and

10. possible mltl:'ient availability and leaching. An
increased rainfall, particularly on sandy soils,
would Lnozease the availabiHty of soil nutrients. An
increassd rainfall, however, increases lear:hing a;?
can be seen from the high correlation between GDAYS
and extractable acid (ACID)(Figure 3.5).

The manipulation of the (~nvironmental datia enabled the
study sites to be divided into th:cee categories ,('reble

\~ •.1
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3.1)"~ low~ntem. erJiat.e and high, fq,J: both indices 9t'
plant a:filable moisture (GDAYS)and nutrients (B1kASS).

An ext~~ded table of sOil variables and number ot gr~Rth
days ,1,17 each' site is presented in Appendix c. l)

JI 0j
1/ 1\,

3,11. DIRJltT GRADIENT ANALYSIS

{~iSsection determines whether ecophysiological 'traits
~ vary predictably *i th a change in ei the:r;' available
Il\O~;,$:t,t.ureor putrients, or both (sec OBJECTIVES III
above) • "'1I,

Table 3.1. The division of the stUdy sites into three
, (high, medium and low) categ,:','ll':ies (see cate and

Nelson 19'31) for both availablr.,1 gr'owth days (::::
Moist.ure gractient::) and biomass ..'It.-aduction estima't:e
(~ Nutrient gradient).

MQist.urg

Ml
M2
I<1
'1'1
M3

Rl
R2
N3
RJ
K2
rr2
K3

K2
K3
1M
M~)
N2

lIlGH

T1
T2
Nl
M2
N3
K1
M1

INTERMEDIATE

M4
~U
N2

R3Rl
R2

r,ow

No marked trends were noted in plots between 'eith('lll;~the
trai ts of, the woody or the grass plants I a:r\d th~l~U,matic
and edaphic var'iables. Pl.ots of attribute versus'
available growth days (moistoure gradient), and attribute
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versus pctientid.aI biomass production index (nutir-Lent;
gradient) {(wereretained.' in Appendix D for reference

~\ ))
purposes. '\ \i ..

;) ..6 I!~TER-SPECIES 1!.NALYSIS

The aim of this section is to determining functional ( ,
similarities or differences between plants or species
occurring at different points on the moistul~e or nutriert",i
plain (See OBJECTIVES IV ,above).

3.6.1 Woody
/;.-~,=c=j;'::' <: '~""\:c,,"

A st.rong ttnsitive 'correlation (l"iqure 3.7) exists between
maximumphotosynthetic rate (PMAX) and gross \idark
respiration (DR). pos±Jtiv~ correlations also exist

"
between ~clerophyl.ly (SeL), succulence (SUe), light
compensatdon point (CP) and bark thickness (BARK) # and
quant,?)mefficiency (QE) and leaf:ambient temperature
ratio (LTCT)., Leaf t,ur:gid:dry weight: ratio (RAT) was
negatively correlatc~d with QE, LTCT, DR and PMAX.

The majority of the woody species are distinguished by
the second principal co-ordinate. This axis is
essentially composed of DRi PMAX and LTCT and to a lesser
extent the remaining attributes. The distribution of
AC!lcia ni--jl"'-'l.t.iQ9.(see Figure 3 .8) within the ordination,

,,---.).

however, follows the first principal oo-or'df.natie , This
I'

axis is defined by mainly SUC, SeL, CP, QE and B~K
(Pigure 3.7 a). The spatial variation of these attributes
within the species' ordination space ca.nnot be linked to
either soil moistu:r:e or nutrient gradients.

" 45
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260 l AUil.:Dcin,

Ocine,Anilo \:'~,.\
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Aharv

A!l~liGflav
GflavGflmr Aerio II Atort

O~ulcBafdc }.niqr
I. czeyhAlleli i'hrac At()rt

AXIS2 'L\!apa Ldise nundu Tseri Aleud Hsene,,'
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Ii

Figure 3.7. PI'incipal component analysis of attrib\:t:e~
for the woodylayer (a) and the species (b).
Z,1ultipleoccurrences species of the, aame. generic
and specific names repr<:.sent -iifferent '~i.};:',ldysite,$.
Eigenvalues are 0.59:3 I 0.42:'\, 0.196 and 0.03) f.c;>r
the first four axes. Abbreviations are presei:....~d in
ABBREV:tA'rIONS above.
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260

,'I
(f

AXts2

-400

Figure 3.,;..Distribution outlines (from Figure :3.7)of
comaon species (Acacia_n_ilot:i,caAN, Acacia tortilis
AT, CombJ;:§rtum~ulat;mn CA, Grewi~ flava GF and
TerminaJ,ia ,§ieri.ceaTS) are indicated. The positions
of Acacia m~,er.J1 (*) and Mey:teU1l.!i1.seneg_alensis
(e), either side of an infe~red division (:)
between mic:r.:ophyl1sI and nanophylls and maaophy.l.Ls ,
are given.

--~--------~-------------~-----------------------(i

The distribution of the woody sp(.(::ieswithin an attribute
ordination, however, indicates the presence of groups of
species despite a prominent nodal tendency towards the
origin of the ordination. An outline of the distribution
of the common species (Figure 3.8, cf Figure 3.7)
indicates a possible presence of functional ranges in
which these species occur. The functional ranges may
overlap, although this is not shown.

A division exists (see Fi.gure 3. a) between the
microphyllot.1SspeCies (l\cacin, AJ.bi?'.i.~ and
p'ichrostachys), and the nanophyllous and mesophyllous
speci~s. This suqgests that this division lnay h~p'ea
functional significance. The occu~rence of A. m~11i~e~~
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(a microphyllous species) well within the mesophyllous
leafed division, and M~~)~galensis (a nanophyf Lous
species) within the micr9phyllous leafed division, are
interesting exceptions. The) low number of individuals of
these two species studied, however, prevents further
investigation of the functional sig~ificance of this
deviation.

3.6,,2 Grass

('

str<mg pcsitiva correlations exist between grass seL and
cr , I' and PMAX, DR, and lamina breaking streng'th (BREAK)

(Fi(~uro 3.9). A weaker correlation exi.s'cs betwec::mRAT and
suc.
Desl~ite the cent.raltendency of the grass component,
sug<tJest.i.nga high degree of similarity between the
species, the majority of the grass species occur along
the first principal co-ordinate. This axis comprises
:mainly SCL, BREAK, CP and PMAX and r~TCT and QE (Figure
3.9 a). variation of Dihe~eropogon ~m~lectens (Dampl),
particularly individuals of this ~]pecies sampled at
Nylsvley. (N3) I Ls along the second axis which is defined
by SUC and RAT. T~is species at Nylsvley was noted for
flesHy leaves (personal observation). The remaining
attributes were not, however, markedly different f:roma
same efjE::oiessampled at other study sites.r namely; K2, K3
aml/M4 (see.Figure 3~sa )•

3.6.3 Forb

,.
strong positive correlations exist between PMAX, QE, L)R
and SCL (Figure 3.10). Unlike the woody and grass
components, forb leaf:chamber temperature ratio (LTCT)

was negatively corr~lated with quarrtnm efficiency (QE).
The present study sampled relatively feWer forbs than
either woody or grass species. The(forbs, by definition,
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(a) r :-1
RAT SOC

~240
i.

AXIS 2

-140
-245
(b)

100

AXIS 2

AXIS 1
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370
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. Ttria
/\ Dcria . Ttria Epall Emuti
l)()~laDaJsplsnitellfidDeria l1squar
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.. CciliPaaXPlaxPlaxBinscSsanTtr iEsup Cpluri LsilapElehl Hnarv·
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Ttria Rcont· Rcont Eriqi

spapa

Figure 3.9. Prinoipal component analysis of attributes
(a) and the grass species (b). The origin of the
axes have been expanded so that each,species
studied may be examined. Mul't:i.pleocourzences of
species of the sama generic and specific names
repres(;lntthose species at, different study sites.
Eigenvalues are o , 673 i~o , 3~8, 0.105 and ,0.021 for
the first: four axes. Abbreviations are presented in
ABBREVIATIONS above.
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Figw::'e3 ..10. Prirtcipal component analysis of attributes
# (a) and th';3 fCt'b 'species (b). Multiple occurrences
,I of specie~ of the' .-'lamegeneric and specif.ic names

" represeht 'those species at different study sites.
Eigenvalues are 0.422, 0.388, 0.204 and 0.111 for
the first four axes. Abbreviations are presented in
ABBREVI4TIQNS above.
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a:r\(J l~ diverse co,ination of ~?ody, sUClcJ).entand wel~dy
pJal'lt types. The'categqtization of thesle specd.ee inbb a

i\ \1

single group llltly t therefore I be misleadin~r. 'Jlhe data was,
(,

''however, retained for both in'terest and rf~~ference
purposes and will not be discussed or ref.i~rel1cedin 1t:he
discussion section below.

3 ..7 J:NTER-S;ITEORDINATIONS

This section evaluates functional differetlc(;Y;sbetweet,l
plant communities ~lhich occur" under d.if:t'e~~entplant'

"""'vailable molstuI'1:;and nutrient consta-atnus (S9(.4

OBJECTIVEs'Vabove).

\\ (

3.7 ..1 Maximum photosynthetic rates

(l

A prevalent outlier, in the form of a pombretum
apiculatu:m a,ominated veg-statio):! type (1<3, N2 and M4), is
evident within an ordinatllon of the maximum
photosynthetic rates of the woodycomponent, when
expressed as a function of a ranked biomass index (Figure
3.11). These study sites are considered to be moist ana
of low nutrient status (see 'lIable 3.1). A grouping of
Aqacia dominate<l°sites (141, 1012, M3 and 'Ti) occurs within
the top left quadrant of the ord:lnat.ion. Termiz:talia (K2
an? Ni) dominated communities occur within the bottom
left quadrant, which a1:'e closely associated with the dry
5it.es (Rl, R2 and:R3) •

~~rdistr.ibution of the sites doe~ not indicate the
pr'ee:ence of ei thar a nutrient at' moisture gradi.ent (of

..Table 3.1), even with the axctusf.on Combre'c:.tmdominated
sites from the ordination procedure.

The first ordination axis for the maximumphot.osynt:~letic
~I

rates of the grass lay~r (Figure 3.12), may be viewed as
a lCOJ.sturegradient between the dry 51tes (Rl, R2 and R3)

and the moist sites (K2, K3, H4 and M3) with the
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Figure 3.11. (~Adet:.tended corresl')ondence anaLysis of the
maximumphotpsynthetic ra'ce for the woody layer
expressed as 8 tunc'cion of the study si tee' total
plant biomass. Eigenvalues for the four axis are
O~559, O.321r 0.185 and 0.011. Abbreviations are
prasen1;,ed in .ABBREVIATIONSabove.
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AXIS 2 .
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!) Rl
i\3 N3
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Fi91.tre 3..12. Detrended correspondence ordination" of grass
ma:x::imumphotosynthetic :rates expressed as a .;;c'
f:unction of tho total b.i.omaasrof'each study site.
All sites are represented in fa) and the outliers
(K2, K3, RJ., R2 and R3) excluded in (b).
EigenvalueI',;; for the four axes ate g.i'lten as 0.531, n
0.214, 0~102 and 0.015, and 0..554, 0.398, 0.132 and
0.020 for (a) and (b) respectively. Abbreviations
are presented in ABBREVIATIONSabove.
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intermediate moistui'e" sites (M2, N3 and T2')between the
two (cf Table 3.1).

The exJ.i~sion of the outli~r)'; (K2, K3, ni , R2 and R3)
iI' ')

reveals a possible nlltrient,grad~ent, with the exception
of M4, along the second axis (Figure 3.12b) between
nutrient poor sites (Nl and N2) and nut:r:ient ricll sites
(K1, M~, M3, and ~~).

3.7.2 QuantuD efficiency

The second axis of the quantum efficiency of t~e woody
component. (Figure 3 .13) may represent a lUois·til~egradient
consistil1g of moist sites (1<3, M4 and N2) and the dry
sites (R1, ~2(bnd R3) (of Table 3.1). Although the

Iii Combret'l!I!ldominated site (:K2}~;IWasestimated to be the
\o1ett~.st stts, it is,believed that factors other "than
plant available moisture or nutrient~ (eg soil depth),
play a impo~tant role in grouping this site together with
,the l1yrkea / Terminal..ia (N1) and Alb_izig (10..,) dominated
'I

sites.

! •Ordl.nation of quantum efficiency of the grass layer
(Figure 3.14), indicates the presence of a moisture
gradient as the first axis between the dry sites (n! and

\,
R3, and R2) and the moist sites (K2, K3, N2 ar'1 M4). A
weak (justified by a few of the sites) nutrient axis was
detected in the second ordination axis when sites K2, K~
and R2 were excluded.

3.1.3 Gross dark respiration
I Ii

,\ I'
, I

As with quantum effioie:ncy of t~~ewoody layer, fo'ur main
clusters arise from the ordinadi.on of dark respiration
(Figure 3.15). The first consdsks of the dry site,s (R.l;
R2, and R3). The second, the mo;ILstsites (K3t M4 ,and N2).

1\ 'l'he third, the intermediate moi~~ture sites (K1'n Hi and
i'!
Ii

II)r'
i,d
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'1'1) excluding l{2 which is considered to l'Je a mois1C..._~t.e,
and the fqu:r."th,the Mggj,a communities (Ml" M2, M3 land

n

N3). Despite the clear ~ssociation of ai teiS according to
:moisture, moisture (or nutrient) gradients were not
extract~d as p+,incipal ~~xes.

An ordinati.on of the grass dark respiration indicates a
possible l'P.oisture gr"dient along the first ordination
axis (Figure 3.ll;)) extending frow. the dry sites (Rl, R2
and R3) to th~ moist sites (Kl, K3, M4, M3 and N2) (cf
Table 3.1). "The presence of a nutrient gradient was not
evident. within the ordination space.

D

\)

\'
\~1\ '\ I.

\-1200 .) ) I I I

R~i
R3'R2

. .;:~ N1
AXIS 2 ·M3 . ·K1K2 .

N3 T2
M2

Nl
~4Jf2 1/

1\3

-200 J_ I I I )

-20<) AXIS 1 201.)
1\

Fi~e)J 3 ..13 0 DetrEmdedcorrespondence ordination of
quantum efficiency for the woody ccmponerrt,
expressed as a function of the total biomass of
each study site. Eigenvalues for the four axes are
0.564, 0.258, 0.159 and 0.014. Abbreviations are
presented in ABBREVIATIONS abov~.
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Figure 3..14. Oetrended correspondence ordination of grass
quantum efficiency expressed as a function of the
total biomass of each study site. Eigenvalues for
the four axes are 0.568 0.325, 0.112 and 0.101.
Abbreviations are presented in ABBREVIATIONS above.
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Figure 3.15. Det~ended correspondence ordination of dark
respiration for the woody component; expressed as a
function of the total biomass of each study site.
Eigenvalues for the four axes are 0.553, 0.267,
0.125 and 0.011. Abbreviations are pressured illABBREVIA~IONS above.
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Figure 3.16. Detrended correspondence ordination of gr.~ss
dark respiration of the 'grass layer expl:essed aG a
function of the total bil~mas,sof each study site.
Eig~nvalues for the four axes are 0.547, 0.387,
0.209 and 0.158. Abbrevi~~ti(>ns are presented in
A.BBREVIATIONS(?bove. ,I

I

.~---~------.~-,--------

Ii
Neither moisture nor' nutrient ~'r:a~j~mts were detected in
an ordination of the light compenaat Lon point :tor the
TNoody component (Figure 3.1'7a); 'Jlhe clust~rs of specific
sit~s I 'mentioned above I were e~~ident.

I'

The exc lus i.on of the ~ombretum dominated sites \ (1<3, M:4.'

and N2) (Figure 3.17 b) revealE~ a microphyll : nanopnyt.I
split a,long the first axis, wi1:::hthe exceptii.on of R1. The
posi tion of Rl in the orr,iinatil:>n diagralTl leads to
speculation or, the presence of other compounding
environmental factors, (eg the calcrete .layer) and their
influence on plant function.

Ordination of the light compensation pOints of the grass
layer (Figure 3.18) indi cat.es the presence of a moisture
gradient: along the first axis. This forms a continuum
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'from the dry sj,tes (R+, R2 and R3) to tJ:le 'moist sites
'.> 'J

(K2, K3, M3, M4 and N2) (cf Table 3.t) with the
intermediate sit,es (M2, ;~'3 "and T2) between the t~~o. 'lihe/\
presence of a nutrienJ/gr~die:p:t was not evi:dent wi,thin
the ordination space.'

3.7.5 Leaf:chamber temperature ratio

Ord.ination of the leaf: chambel: temperature ratio for the
woody component indi~ptes a distinct grouping of the dry
$ites. (RI, R2 and R3) (cf Table 3.1) on the f,i.rst axis
(Figure 3.19) awa,~from the rtloist site,~. This may suggest

"a moisture gradient C4.longthe fi:rstr axis. A moisture
gradient 'is not crevealed onde the dry 81tes have been, ..' ,~I.\

excluded from tne ordination procedure. In spitu of the
absence of'a nutr.Jient or moist;ure gradient, the grouping
of site!:;' of shuilar specd.ec , ie the .GOlnbr~tumsites (K3,
M4~\d N2); the XJgl1tinalia sites" (1<2,Nl and '1'2) to wi~ich
the bl~izj.ft : .tligbrostachys dominate~ site (1\1) is
closest, and the ,bca,cia dominated sites .(1<3,M4and N2)r
may suggest an inherent functional basis b.;l' the present
floristic classifications.

The first axis of the ordination of leaf:chamber
,;temperature ratio for the graSS component ('Figure 3.20)
indicates a possible moisture gradient between the dry
sites "(IU, It2 and R3) and the moist sites (1<2, 1<3, M4, M3

and N2). The presence of a nutrierlt ''(tr:adient was not
evident within the ordLnatiLonspace.

\1
\:

, I!
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Figure 3,17. TJetrended correspondence ordination of light
compensation point for the woody layer, expressed
as a function of the total biomass of each study
site. Ordination (a) includes all sites, wher.eas,
ordination (b) excludes the Comlu.:'etumsites (K3 t 1.f4
and N2). Eigenvalue:}',:;for the four axes are 0.557,
0.224, 0.152 and 0.092, and 0.624, 0.498, 0.153 and
0.063 for (a) and (b) respectively. Abbreviations
a:r\~ presented in AB~,"1rhw.,lATIONS above.\\ . (
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Figure 3d..8. Detrended correspdnQ':>Qceordination of li<.1ht
compensation point of the grass laye.r expressed as
a fU;tlction of the total. biomass of each study site.
Eigenvalues for the four axes are 0.655, 0.486,
0.198 ~nd 0.048. Abbreviations are presented in
ABBREVIATIONS above.
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Figure 3..19. Detrended correspondence ordination of
leaf:,chamber temp2rature ratio for the woody
component expressed as a function of the total
biomass of each, study site. Eigenvl~'lues for the
four axes are 0.598, 0.354, (J .129 ang, 0.0,23.
Abbreviations are presented in ABBrmViINrIONS above.
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3.7.6 Sclerophylly
I,

The ordination of sclerophyllY for the woody component
(Figure 3.21a) indicates that Kl is very different from
the other study sites. with or withCJut t?eexclUsion of
the hlbizia : DichrQstac~~ dominated site (1<1),neither
a nutrient nor a moisture gradient. was detected. The
Acacia dominated dry sites (R2 and R3) were group~d with
the other Acaca do1ti~natedsite.s (,Ml,M2, M3, N3 and Tl).
This observation is considere.d unique when comparing this
ordinatiori to ordina.tions of woody traits discussed
above.

The exclusion !Of K1 (Figure 3.211» from the ordination
procedure, emphasizes groups of sites of simile.r leaf
morphologies within the tr.'oodylayer'. The lower lef·thand
sector of 'th.e ordination (Figure 3.21b) reveals a group
of sitas dom.i.natedby microphyllous plants I whereas the
top left hand sector reflects sites dominat~d by
nanophyf.Lous] woody plants. The right hand side of the
orpination diagram reveals a cluster of sites dominated
by mfilsophyllousplants. The preE~ence of a nutrient
gradient WCl.,r not evident within the ordination space ,

1,1,

The first ax~,s of the ordination of scle.t'ophyll,Yfor the
'/ . \\g·tass layer (~ig\lre 3.22) represents a stro11g ro,oisture

gradient between the dry sites (R1, R2 and R3) and the
:1l1:oistsites (&2, K3 M3, M4 and N2). The presence of a
soij. nutrient gradient was hot evident.

3.7.1 Succulence

The ordination of succulence for both the woody and grass
components was distinctly similar to that of sclerophYl;Ly
(F~igt1),~e3.21, Figure :3.22) in both patrt.ezn and magnitude
of Eigenvalues for the fQur ordil)ation axas , .
Intet'pretation of succulence will thus be similar to that
of scl(;;!rophylly.
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0.652, 0.378, 0.184 and ().043. Abbreviations are
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the four axes ;are 0.586, 0.384, 0.131 and 0.015,
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are presented in ABBREVIATIONS above.
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3•"7 • a Turgid:: dry weight ra·tio
(\

('.

Tbe .interpretation of the leal turgid dry weight ratio
II •ordination (FigUre 3.2~) for the woodycqmponent ~s

si)t;'i-}-<l;.cto that of sclerophylly, and suocuLence , An
interesting differ~nce Ls the separati~m of the ~ill
nigres6~n!;1 dominated sites ITl arid Ml) from the oth~l1:
Mt.C!!.qiadominated sites (Figure :3. 23b) • i'

ordination of l.eaf turgid, : dry wei~ht ratio for the
grass cOl1l~onent (Figure 3.24) iptiicates a strong"l1l~isture.
gradient along th~ first axis. A nutrient ~radient was
not d~tect.ed within the ordination"

The ordination of bat'k thickness (l<ligure 3.25) did not
i:l'ldicate the presence of ~ith~r a nutrient or a moisture
gradtent (cf Table 3.1).

3.7.10 Gra:-;;.s lamina breaking- strength
/

The first axis of an ordination ori t.he lamina breakiinq
" -strength (li'igure'3.26)indicates a presence of a strong

moisture gradient ranging from the dry sites (Rt, R2 and
R3) to the mQist sites (1{2,1<3, M3 and M4), with the
intermediate moisttlr~ sit'2~ between (11e two (cf Table
3 .1). The presence of a nutr.ient gradient was n.ot eviderlt
within the ordination space.

A sUllUllary of the int@.r-site ordina~ions is given in tabJLe
3.2
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Figure 3 ..23., Det~l:endedcorrespondence o:r,dinationof leaf
turgid : dt'yweight ratio for the woody layer
expressed as a function of the total biomass of
each study site. Or.dination (a) includes all sites,
where!as, ordination (b) excludes outlier site 1<1-

\'Eigenvalues for the four axes are 0.567, 0.334,
0.162 and 0.081, and 0.624, 0.398, O~153 and 0.063
for (a) and (b) respectively. Abbreviations are
presented in ABl:lREVIATIONS above.
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expressed as a function of th~,total biomass of
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Figure 3.25.' Detrende'J correspondence orl~ination of bark

thickness expressed as a function of the total
biomass of each stUt'l1{ site. Eigenvalues for the
four axes are 0.652, '0.429, 0.171 and Q.021.
Abbreviations are present.'''''din ~BBREV:t:i!.TIONS above.
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Abbrev':rat.ions.are pre~er),'t.ed'in ABBREVIATIONS above.
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Table 3.2. Presence (j) or absence of plant available
\\,moisture and nutriel'ltgradients within the inter-site

\\ ordinations for poth the woody and grass components.
Plant attributes are given in ABBREVIA't'IONS above (X'=:l no
evidence of the particular gradient, j = evidence of the
particular gradient and ± == particular gradient is weakly
evident.ccwithin the ordination space)

,\

Woody Grass
Mois't:ure Nutrient Moisture Nutrient

Plnax X X J X
QE J X J ±
DR X X J X
CP X X J XLTCT ± X J X
SCL X X J XSUc X x J X ()

RA'r X X J X
BARK X X ....
BREAK ... J X
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4.0 DISCUSSION

/1
4.1 COMMENTS oN Ll~!TATIONS

::-".\'~
"v, '). I.'

"J'\ .1

Ii.1.1 F'....t::mdoreplication

Hurlbert (1984).criticiz9::;:ecological studies that use
1

infe:rent,ialstatistical tests in which replication is abserrt,
00r where t~~replicates are not statistically independent.
This critici~~ is well found~d, but does not apply, in
principle I to th~i ''Pl'eselltstudy. A trade off exists between
eoncerltrating ~tl a small number' of study sites with a high

"degree of replication, and a larger nun~er of sites with
little or no replication. The repfication of the sampling
strategy within a limited number \"t study areas sacri.fices
generality for robust statistical inference.

criteria laid down by Hurlbert (1984) to avoid
pseudoreplication cannot be met in this study, as both
rainfall and soil nutrient gradients cannot be replicated in, .
the field. Inferential statistical techniques were, however,
excluded from the analysis according to Hurlbert's
recommendations. The compa~~son of means test used to detect
\seasonal' variation of 'the att.ributes should be interpreted.,
in the light of the sampling stra:t~gy.

4.1.2 Altitudinal differences

Altitude differp.nces (Friend and Woodward 1990, Friend et a1.
1989, Ledig and Korabobc.t9B3) which are measured in indices
of barometri.c pressure (Gale 1973) I temperature (Billings
1974a 1974b, Bunce 1983, Eagles 1967, slatyer 1977) or C02
concentrations (Cooper 1986, Gale 1986), have a marked
influence on a variety of plant ecophysiological traits. 1/
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These studies, and others, concentrate on extreme altitudinal
differ°t';jes,for example the Himalayas and Alps (see Muller
1982)~jThe elevation of these mountains!span approximately

I}

300 to 2000 m and 300 to 3000 m in height, respectl.Vely.·
Changes in plant})trai ts \6vi{r 800 :m altitt,deI as bas occurred
with the pr~senl{studY, remains uninvestigated in the
savannas a~ large. Those studies that investigated the
effects of a ch~l1ge in barometric pressure with altitude
offer l~ttl@ guidance on what may exist under the South
African conditions. Projections from data presented in the. . ().'above mentl.oned studles OVer an 800 m altl.tb.dechange mat) be
minimal.

4·.1 ..3 carbon dioxide concentzeatdons

Billings ~t .Q,l. (].961), Edwards and Walker (J.983), Korner and
Diemer (1987), and others, have noted changes in
photosynthetic rat.es with extensive fluxes in ambient.('C02

concentrratdons , Many of. these studies have .concentaratied on
describing tllephotosynthetic rates of various plant species
along a CO2 gradient. The models developed from these studies
desa~l::ibephotioaynchaad.s as a C02 gradient across a complex of
leaf diffusion resistances. These models were interpret,ed,
however, tobe'insensitive to 4 - 5% variation about ambient
CO2 concentrations as applied in the present study (see
s..ection2.2.1.1). 'rhus, correction of the C02 flux was
omitted from the st'Udy to avoid unnecessary manipulation of
the photioayntihe+Lc data.

_lj
:;

4.1.4 Secondary determinan~s

The infl;l.tenceof fire and grazing on different life-forms (or
communit~es) varies greatly with different climatic and"
eda.phic I'llituations(:;;ee Friedel at:.gl. 1988, Friedel. and
Blackmore 1988, Westoby 1981). The c.1riteria,1.1.ghtly9rA'~ed
and a fire frequency of five years, as adhered to in the
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present study, may not be equivalent for all the stud~ sites.
The magnitude of the inequiv~lence between the study sites
cannot be ascertained without both intensive and extensive
investigations of these variables. An additional si:.udyQf
this scale falls beyond reasonable limits of 'the present,-.,

study.

(J

4.1..5 Water availability and acaf,e.differences

A time scale difference exists between th(~r.Ineaore (1977),
and the Zucchini and Adamson (1984) modelS. Scholes

"(unpublishet:t)combines the two models, together with soil
texture, to produce the bucket type wat(!;rindex model. )3oth
Lil'leacro2;'(1977) and Z\t':jchiniand Adamson (1984) discuss the
1intitat ions of their reJ~ecti ve models. T~'ecOmb:i.na~:i~\..L,(~,,:>1

I' .l:i .~". _.,,.---differ.ent temporal and spatial scales, an~~the limitat;.1:'bnsof
\'the two models, however, were not !addressed in the Scholes

model (Scholes pers 0 com. 6). There are various studies that (:
use rainfall gradients (Cowling and Campbell 19801\ Cowling
and campbell 1983, Friedel at 1!1,. 1988, Morrow and l~ooney
1974, Werger et al.1987, Werger and Ellenbroek 1978) to
determine water availability. These studiesl however, use
mean average rainfall excluflively an measured at selected
meteorological stations. The incorporation of both soil
texture and the historical aspect of rainfall, despite the
linlitat ions discussed, is superior to a s.lngle rainfall

I',

figure from which to infer plant available moisture.

I

F'orthe purposes of this fi,'i;udylit was assumed that a
r~ljable correlation exists between the number of days
av~ilable for plant growth (as calCUlated by the Scholes
model) and plant available moisture. Confidence it) the
Scholes model was augmented due to the fact the local
ecologists and managers agreed that this model ranked the
study sites that occurred in their respective areas
accu'ca+ety , in terms of perceived water avq(.i.lability.Any
6 Dr RJ' SChOles-:-;epartment of Botany, Uhi~\ersi.tYof theWitwatersrund Johannesburg. \,
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Qiscrepancies that ll'tight exist between the actual water
availability and its index, as used in this study, may t:~enot
oritical in pvrsuing the objectives.

-.\ (\

4 ..J... 6 Available nutrient imlices ( ')

No universal plant available nutrient index ;exists. No-bel
(,19S9) tack\ed the subject by deriving a nutrient index ~;or

o ,~ ,J '. .!

agaves and cactii., He linked producti.vity of Aga'y~derserti I:>,
and A. tegu~1alli\,to so:tll/c~Jlcentratit.:ms of N, P t If, B, a~d Nt)' 0 1'1

and found marked differencf~s in nU~7'iel'ltexploit~:tion between
the two specfes , This observ''ftion suggests that each plant
species may require a dedicated fertility indel: • Due to the
hi.gh species diversity encouncezed 'Vlithin a savanna'
environment, thl.S approach ((to determine an accurate index of
fert~fli ty remains impractical"

\,. C!

C)

Thr~e \gener,a1ist' approaches (see Isections ;2.2.2 and 3.4
above) to a nu'l:rient Lndex were considered. Each of t,h~se
have marked lird tations «

4.1. 6. 1 Soil elsme:''lta1 levels

Chemical an~lysi$ can only be Viewed a~ a functi~n of the
techniques used (ie aci~{ digestible nitrogen' or :resin
ext:r:i~ct-ablephosphorus). It can, hq~e\Terr be assumed that a
positive relationship exists between the concentration of the
element extr~S~tt:!din the analysis and plant availability (see
I"igure 3.5). The elements as single \ independent I units do
not provide suffi.cient detail to derive a su.:iitable nutrient
index.

4.1.6.2 ';ecologists' ranks

Manyfactors other than a table Clfchemd.ca.tdata and a brief
descl:;iption of the:,vegetation influence the fertile I
infertile perception of the lot:al ecologists and managers.

\ ~. \ \
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Both the elcologists a.tldmanagers were I however, consistent in
ranking 'their areas locally and the ranking of their areas
(unknowingly) using the data supplied. As with the soil
elemental levels, the value of the ecologists' ranks was to
contri.bute to the confidence in selecting a parameter whicil
may be interpreted as a reliable j,ndex of plant available
nutrients .n

\,

4.1.6.3 potential production estimate
(.I

The potential biomass production index study is subjeot to a
number of criticisms. The three fundamental limit t;ions Qf
the study are given below. 1/

'IThe biomass p.t'odudtionof l:9.nicummaximum may 'not be
representative of either the herbaceous or the woody
components. The present study assumes that plants (or groups
thereof) are functionally dissimilar. ThUS, the explOitation
of soil nutrients between two plants or plant groupSt may
also be dissimilar.

Within the study of potential produotion, the Mixed Aoacig
Savanna (Ml) soils receiyed significantly 1,9sswa.ter than the
soils from the other S~'\l-i.r sites (see Feuchtenbeiner-W,alsh
1990). pdtential pr6du~I~~(onestimates for this site were
estimated using soil ni:t:.:ogenconcentrations (Nobel pars.
com.5). This weakens the predictive power of this technique

-,

in determining a plant available nutrient index.

The presence of mycorrhizal fungi and nitrogenase activity,
,,..both, l't:aydramatically alter the perceived fertility of
soils at a particular study site (see Rehder and Schafer
1978, Zietsman ~t a~ 1988). trhe dominant trees in both 1,\he
BU:t'k(.~~snd Acacia communi ties, at Nylsvley (Nl and N3), are
legumes. Nei'ther community has been demonstrated to support
nit~:ogen f bdng bacteria, daspd te exte,nsiva investigation

II

5 Dr PS Nobel. Depart,ment of Bi.ology a.ndLaboratory of
Biomedical and Environmental scfences tUn! vet'sity ofcalifornia, Los Angeles.
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(Zietsman·(Jt Sl.. 1988). Mycorrhizal fungi have I however,
,I Mfound to occur in both communf.td.es :;oame5per's , cont. I) •

presence .of either mycorrhizal fungi or nitroqen fixing
bacterial associations, in th.e renta1ning':.;tudysi~es, were
not de-ti,~rntinedto occur in·'the communi ties sampled. The !.!

'1\.\

been

presence. or absence of microbial activity, wh.ich e,rh"lnce
nutrient c;tbsorption,may altex: the assumed feX:,tili1;.1 of a
study 51te to an undecermi.ned extent. In mitigatitm, hoWe\re:?',

'I

the presence of the microb.ial activity of this natnnre , would
not markedly alter the dystrophic : eutrophic poles of the.,
assumed nutrien't gradient (see Table 3.1).

"The absence of a ~eaningful 9r comprehensive plant available
nutrient index is not seen to impede the identification of
'nutrient based' gradient~ within the present study. The
objectives of the present study solicits a mere detection of
potential nutrient gradients, rather than a site-far-site
inventory.

4~1.7 Time scale conflicts

By definition, the plant traits used in this study were
derived over ecological and evolutiona:r:ytime scales, .i.e
plants are products of a historical set of environmenta1i
constraints. These constraints m~.y not now be present in
equivalent intensities. Hence, an obvious scale conflict: may
manifest when inferring causal mechanisms or even simple
correlations betyleen a particular plant trait and measured
environmental variahles (see Larcher 1983, Wiegert ana
Kozlowski 1984). The present study is not immune from
criticism that originates from bridging evolutionary time
scales. Nonetheless, the constraints perceived today are
products of their anc99tral constraints. If correla~ions can
be perceived between the present day consttaints, then a
functional classification is possible. If not, a derivatlon
of a functional classification would be unachievable.
7 Mrs .1 nanes . Department of Botany p universi ty of the
Wit'i.1atersrandJohannesburg.
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4..1..8 Season

The possibJ.e ilvariation of plant tra.i ts in response to
seasonal var(~at:ion of climatic conditions, (rai~fall, ,
temperature, day length, etc)l or to a change J.n the J.ntarnal

U I

environment of the plant Cseed set, aging, senescence, etc),
or both, presents an additional tim~ scale conflict. The
concept, of variation of acophysiological traits \lthrougl:'muta

"seaeon. or life span of the plant has riot been'.inv~stigated i~
the savanna envi.ronmenc, .C;ru:=.:slamina b:reakin(;1'strength has,
howevert been recorded to increase towards the end of autumn
and winter (see Theron and Booysen 1968). This was observed
despite an adherence to the selection of first fully expanded
leaf material. The variation of lamina strength and the other
traits invest.igated eff.ectively negates the present stJldy'~_.
ability to pursue the objectives. I

The change in attributes from the beginning to ·the end of the
growing season ind:lcates that Lnsuarrcaneous or point
ltleaSUrementsof fUnctional attributes can no longel."be relied
upon. The measuzenent; of these dttribut.es hdS to be modified
to i.ncorporate an element of time, eg the range of the plant
trait Over the entire season. The aspect of season,al
variation of ecophysiological tra.i ts is disr;ussed in greater
detail in sectioll 4.5 below.

4~2 CONCLUSION TO LIMITATIONS

A consi.dera.ble number of limitations have been identified Ln
tbe present. study. Thes.e li.m!tations vary in .significanc~,
and. those which may have profound :r:epercussions on the
conclusions drawn, ~r.e discussed. The limitati.ons discussed
above (ot:her than the effect of season) do not contli.ct
detrimentally wj.th the methods used to fulfil the ob:Jecti vea •
The benefits of the exercise in pursuing the objectives,
despJ.te the large humber of limitations, in particular the

'\j I
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seasonal variation of the plant traits, far exceed the
cessation of the present study (see Loehle 1987).

4.3 NUTRIENT GRADIENTS

A t'lide variety of ,~echniques are avaf.Lahl,e to determine an
index of nutz-i.ent,availability. Amongstthese techniques are,
four which have .been used in this study. Thes~:include;
s~udies that consider soil type and parent ~aterial,
experienc~:~~f: local ecologists, chemical analyses and
calculations of potential biomass production.

I

"' ( ,"(

The inference of soil fertility fr61nbQ~v . ,t \mat~:t'lal and
soil tYP,ehas been demonstrat~d .t'IC" be t1
geogr~phical Goale (Bell 1982, ~aast 1.sa!

i''"\' '.<;~
;:i~;1al'iJ.Jt al.. 1988)

but is I however, inadequate ~:(\--;the. i'i::,f!;;l: .scaf.es ~~qui:ced for
functlon1'l1 studi~i:I. i'poil nutrient dist:r,ibllt:~on is' ~rkedly
patchy ~i thir-tl the la,~dscape desp'ite a ho~uo9~meo\ls:pu:t:ent
material. Even d.t a fine scale of sampl~ sites less than 50 ,m

\" in diameter, nutr.ient discrepancies mayv~h:yten fold (see
"I'>llHackmoreet al 1990). Reasons for the Lack ot soil nutrient
',\", • ' . f\.LOlnogen~l.tya.re numerous. l.'hese range ft'om aspe'~t dl.f erences
(Goodman 1988), to the' deposition of soil fi:l'le f:ractione
(Tinley 1981), to the impacts of Iron AgeManI{Blackmore~t
a1., 1990) on the landscape.

The initial selection of st".~y sites, in the present study,
\ \

was based on the experience (gut feeling) of the ecologists
in the field. The lack of formal documentation of this
knowledge base, in ter.m$ of soil fertility, should not deter
its use. The subjective ranking of the soil samples, provided
by local ecolo9ist~, was used indirectly in the selection of
a potential nutrient availability index (see below).

J

,
The inference of soil \eel;.'tility front soil elemental
concentrations has beet! widely used (Blackmore et al. 1990,
Cowling and Campbell 1983, l-iooneyand 1I9rrison 1912, Tolsmla
at al 3.987, Walker and Knoop 1977). Determining the elf.)men:t:al

76



c-

pool ~rithin a soil 'Sampleor profile down-weights the
import.ance of one or more limiting elements, and emphasizes.
the value of, fbr example, nitrogen, phosphorus and
potassium. Th8 elemental form in which a nutrient may occur
and the various combinations in which they are found, are
cons i.dez-ed impor-tant in deterntining soil fertility (cf
ecologists' biases: Figure 3.5). Nobel (1989) addressed the
role of selected soil elements in the de,rivatior. of al(
l1utriAnt io,'"lexfor agaves and cacti. He integrated iJbrative

, / '/
biomass es'timater for various concentrations of soii ItN, P, K,
Band Na(l)elemen~~.A nutx."ient availability model of this
intensity is needed, but remains impractical for the savanna
erhrironment given the large numbers of species.

A potential biomass p:ccduction estimate is probably the
simplest subjective ':cechnique available. It may circumvent
t~T complexity and int~ns.i.ty of the Nobel (1989) a~proach,
but;~it does t however, SUffer two major drat(lbacks. The first
is the limited nUmberof plants used. A comprehensive study
would .include a minimumof 30 to 50 species, depending on the
size of the study, and the plant di.versity experienced. The

.'
second is that woodyvegetation is precluded from the
e.stimate. Woodyplants, are in manyrespects, structur,;111y
I,.dssimilar (ie rooting di.stribui~ion - Rutherford 1982,
nutrient demand- Frost 1985, e1:c) to grasses, and therefore
>~'nferencesfrom an index derived from grasseo to the woody
layer is difficult and uncertain. '1.1he potential production
estimate I within the boundaries of 'the present study, concurs
with th-e 'gut feeling' of the local ecologists, and
posi ti vely weight.,;;the value of both nitrogen and phosphorus
(Nobel pars comS). It also incorporates the presence of
limiting elements into the estimate.

It is tempting to go to great lengths to measure u nut.rLont;
Lndcx within a :micro g.tamof each nutrient (s(~(·,Nobelat:. al
1988, Nobel l.989) to determine, with grea't accuracy, the

5 Dr PS NobE1'~. De~artmen·tof E1i.l')lo9Yand Laboratory of
Biomedical ahd Environmental Slcisnces, tJrliversi ty of
\"':alifornia, Los Angeles



fertility difference between samples. There ~~n be no,
extrapolation of soil chemical data from a f$oi±,sample I after
its removal, drying, sieving and sub-nampt ing /'to a plant
community scale. This method cannot be rewarded with a
worthier use other than determining thp.relative nutrient
c(\pcentrations between soil samples. Both plant nutl:'ient
de~iands (see below) and soil nutrient concentra.tions are

.) ,)

bound to vary :"tlithtime (se(':;Tolsma a1; f!1. 1987). 'This may
have reperq!lssions in deterntining a plant based index ullder

f -,

the constra'ints of a single sampling technique. 2~nacq'~ra7r
determination of a nutrient Lndex for a plant commurd,ty would
thus ~mtail t:hedetermination of the nutrient index )._11 situ,
using both undistu:r.bedplants and soil oiJ'era significant
proportion of the plant community, for at least an entjre
season.

'\)
The" degree of refineMent of either the nutrient (or moi.atiure )
availability index need not supersede the precision needed to
meet the objectives. Tne obj~ctives do not require fine
gr~duations within either index. No progress is made if the.
relevance of the functional ~d~ud¥ is limited to excessive '~)
expenditure of time and finances. The financial investment in

"increasing the detail of both nutrient and moisture indices
would be prohibitive for both the present study and future
studief';•

.I}. • 4 PIAN'll ATTRIBUTE RANGE

Objective (i) : To compare the variation of plant traits that
occur at individual uites to that of the biome.

Until recently, a significant proportion of ecological
research in south African savannas, has been directed under. a
model savanna (eg Nyslvley; Huntely pers.com?). Thef;9 areas,
were selected so as to represent, at least structurally, a
vast majority of the elements that occur within the savanna

9 Mr B Huntely. National Botanical Institute. Cape Town.
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blame. Evidence presented in section 3.2 above suggests that
the variation of both structural and funct:Qonal plant traits
in one or two study sites equals that of the entire biome.
This in turn implies that for these sites no fo:r:malor
specialized strategies have evolved. This observation is not,
however, ubiqu~tous, as the sites, that equalled the

I> "varia:tion"of the biome were not consistent for each tra~t
studied. It could therefore, be conceived that, for an
intensive study of a single plant trait, one or two sites
could be selected which would represent. the entire biome. The

ncost, in terms of f3.nances and man hours, would preclude the
opt.Lon of sampling a wide Variety of savanna conmunfties'for
the few which would represent the entire biome, being
exercised. Literature supporting these observations have not
been procured. Information available on the variance of plant
traits is dominated by monospecific studies, in which each
species is represented by a number of individuals either at a
fixed point or along a defined gradient. These studies
address, in broad terms, hybridization (see stace 1975,
1980), phenotypic plasticity (see Baldocl.ihiet a!.1987, Black
1971.,Camerick and Werger 1981, Chapman 1973, Cody and Mooney
1978, F'riendand Woodward 1990, Givinish and Vermeij 1976,

Knight and Luucks 1968, pearcy et 91.1987, staae 1980, Werger
and Ellenbt6ek 1978) and taxonomy (see Bradshaw 1962, Chapman
1973, stace 1980). studi(;,sthat include a number of diverse
species fail to capitalizf~ on \study si.tet variance and as a
result, i.nterprettheir data u~dng mean points (see Gillison
1981, Friend and Woodwal."d1990). Thus the total variation of
plant traits, independent of species, and the relation of the
variation to environmenta.1 gradients remains: uninvestigated.
This observation has important consequences in terms of
deriving a functional classification of savanna plants. The
variation of a plant trait WOUld, therefore, need to be
determined in toto.before its inclusion into a classification
could be considered.

Plant ecophysiological traits that are directly related to
~Jant structure (eg sclerophyl1y, succulence and leaf turgid
r dry weight :ratio)indicate a functional difference between
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woody plants and grasses. Traits that relate to plant
physiology, however, do no~ follow a woody: grass split.
Thus the ratio of structural to functional related traits in
a classification, such as that proposed in the present study,
becomes vitally important. A bias in the selection of plan~)
traits will have profound effects on the outcom~ of the
classi fication ",

A highly popularized difference between C3 plants and C4
grasses is the elevated photosynthetic rates of the latter
(Black 1971, Edwards and Walker 1983, Nog-gel and Fritz 1983"
Siegelman and Hind 1978).' The pres~nt study encompassed woody
C3 plants and grasses havi.ng C4 photosynthetic pathways
(Ellis ~t aI, 1980; Vogel et a1 1980). The ini.t:laldiscovery
of the C4 pathway raised a variety of questions; Why did this
pathway evolve? What kinds of plants have evolved a C4
photiosyncnat.Lo pathway'? What are the physiological and
anatomical differences between C4 and C3 plants? In which
plant communities do these plants occur? What is the
proport ion of C4 to C3 plants in these communi ties'? What is
the agricultural significance of a C4 photosynthetic pathway?
The Clt,lestionsthat had been ignored within the savanna

J "

environment are as follows; Are these differel)CeS measurabl.e
in situ? Are traits that are related t.opnotioayrrtnesi.s, other
than the maximum potential rate, different between C4 and C3
plants? The present study has demonstrated t.hat, for savanna
plants ~n S~ty, (1) the maximum potential photosynthetic
rates of C4 grasses may be only marginally higher than the
woody (C3) plants measured, and (2) the remaining
physiological and structural traits (see Figure 2.2) do not
follow a C3 : C4 divisic:l.

Although the physiological traits used in the present study
(eg photosynthesis) have been extensively stUdied by other
researchers, the structural aspects (eg lamina strength and
bark thickness) have not been as well documented. The studies
that. have pioneered the use of leaf consistence .inecological
studies (Bond 1981, Cowling and Campbell 1983, Loveless 1962
Werger and Ellenbroek 1978) have concentrated on either

80



))

defining leaf consistAncy or relating changes in leaf
(I

oons is'cenoy to an environmental gradient, or Q9th. studies of
'Jgrass lamina strength (O'Reagen pars. com~O, Martens and '

\\ '_'

Booyaerr1968) have concentrated on the pastoral s'ignlficance
,.of the tensile strength of grass leaf blades. No 1iterat11l:l1,
other than purely anatomical studies, invo.lving bark
thickness is available.

o

These observations lead to spe9u1ation that the fanctional
approach to vegetation classifica·tion has hot evqlved
sUfficiently to attract innovative research. '1lwo criteria c;,.

support thi$)speculation. The first considers the omission of
a statement on functional significance within ccnc.Ius Lonse
dr~~n in thesestudies,nwhi.le the second highlights the
ahsence of a wide variety of ecophysiologicai traits in the
current literature.

4 ..4.1 conclusion to Plant Attribute.Range (Objective I)

lJ.'he solution to the dilemma presented in ObjectiVE; (i)

(section 1..1) is complex. The results from a limited number'
of the si t~s studied indicat;,e that plant 'l:raits may be
randomly distributed, ohereas, the majority sites indicate to
the contrary, ie that similar strategies ma}' exist. 'rhe
difference in two categories of sites may be attributed ..to
1::he di fferences in tl1e intensity of t,he selectional pressures
that p.layed a ..role Ln, trait expression. If this conclusion
holds true, then the mean may no longer b~ meaningful in
functional studies, however I the variance itself may provo to
be paramount in understanding funotibl1al variation ttlithin
plant communitIes.

10 Mr P O'Reagen. fJeparblent of Agriculturs. stutterhei.m.
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objective (ii) To determine the consistency of
ecophysiolog.ical traits, 'as functional characters, over the
span of a single growing season.

Terrestrial studies that investigate plant t:;:-aitsin terms of
their occurrence or naqn l.tiude , as those cited in the present
study (other than Theron and Booysen (1968», fail to address

,_-, .,

the signifiC,5'lnceof seasollal fluctuations within their data
,',The metl1od~ described in the majority of cases (eg Baldocchi
\'" jiat a1. 1987, Butler 1954, Friend and Woodward 199('), Korner and:',1

Diemer 1987 r Loveler.;~1962, J~_~arcyet;. a1.. 1987), reflect that//-::",,,/,,,,~,'.dat.a collection spanned at~least an entire gr(,)wingseason. If
• 11

the data presented within these studies have been collected
over an extended period, then one of two assumptions may be
drawn. Two conclusions would then naturally .followI namely;

(1) Sample variance in these studies exceeds seasonal
vnriation of that trait.

Evidence presented in both Figure 3.4 and .a.ppendixB,
Lnda.caces tha.tsample variation does not consist.ent1y
exceed seasonal v~riation and that significant
fluctuations may occur in the p~ant traits between the
beginning and end of a growing season.

The assumption that sample variation exceeding seasonal
variation of a particular plant trait cannot, therefore,
be relied upon.

)

(2) Variance presented in the literature in terms of standard
deviatlonsr for each plant attribute, includes seasonal
variation (ie plants were sampled continuously
thr'.Juqhouttne season I although not indicated in the
methods) .

rphq sbandard deviations I noting the absence of a species
overlap het.ween the present and referenced studies, are
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of an equivalent order of maqnd t.ude without the
inclusion of seasonal variation. This suggests ~hat
seasonal :variation has not been included within t~\e data

if

preseni:;ed wi-chin these studies. \\

By deduction, two sampling strategies may be assUmed in the
above referenced studies. 'I'he first, data collection was by
means of sampling successive study sites, as with the present
study. The second, enti.re plants or parts thereof were
collected ana. transported to a laboratory and measurements;~
made (eg cowling and Campbell 1983). Both approaches to dala
'collection fail to address the importal)ce, or significance,
of a seasonal variation of 'plant traits studied.

The principle aim of the study by Theron and Booysl:':!n(19'68)
was to quantify cbanges in tensile properties of a number\gf
indigenous grasses. They indicated that the tensile strength

(I

of glJ8SS laminae showed little change over a~,growing season
but increased significantly towards the end of the season.
The present study supported this observation despite t.he
adherence to the selection of fi:rst and second fully expanded
grass laminae (not followeCi~.~::·.i,nTheron and Booysen) as well ;";:Is
the notable delay of ,the dry -'·~);.ason.The failure of the "
:t~~mai:.)ingreferences 6.ited in the present study (e9 Friend
and Woodward1990) to re'allze· -the significant influence of a
change in season on the e:&pressi~.~l~f both 9'ltruct4.ral and
functional attributes is rni~:;lead{ng."~lhe de:m~m$tration of the

\_\. _/""V '\

importance of seasonal chang~~in th~'~~~f\ \~ of plant
trai ts in the present study highl,fg'llts tiil~::>.\"'<>4~~,Jord
thorough investigation of each '.~~spect of :Ila'& collection.

, . ",'-...., ,L

\"

~
4.5.1 Conclusion to Sea~!onal Change (Objective II)

The conclusions, drawn from the marked influence that. season
appear-a t.o have on the e}(pression of /.:11emajority of p~ant
trai ts I are t\o1ofold. ::1)

i.1
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The first concerns the ability of the present. st:l.ldyto
acn.i.evethe goals c'il.sdussedin section 1.2. The nU:trl(:ed
influE,H1ce of the lapse of time between sa:'pling'periods
indicCt\),::esthat objedtives iii to v of the present study
cannot be adequately addressed. Grounds for the potential
exclusion are based on the> inherent assumption that plant

-~i

traits would remain constant quring the sampling period. The
continuance of the study, however, ha.s been motivated for in
terms of an acadend.c exerc:Lse I see section 4.3 and 4.1.11
above.

The second indicates that the success of functional stl'\dies
relies heavily on the inclusion of an element of time in the
delimitation of functional traits.

4.6 OnmCT GRADIENT ANALYSIS

Objective (iii) : To determrrie whether ecophysiological
traits vary predictably with a change in either aVailable
moisture or nutrients, or both.

Changes in environmental constraints (both temporally and
spatially) are important in causing genetic and phenotypic
di:i:ferences wi thin plant populations (eg Baldocchi et al. ':
1987 I Billings 1974a 19i:~4b, Bunoe 1983, Chapin et al. 198'7,'1
Cody and Moor~ey 1978, Cooper 19&6, Cowling and Campbell ltr~?I
Eagles 1967, Friend and Woodward 1990, Friend at al. 1989 ;,/
Gale 1986, Ledig and Korobobo 1983, Slatyer 1977). It has
be~n debated that differences in plant attributes along
environmental gradients appear to be of selective advantage.
This argument:, however , assumes that for each set of

If

environmental constrred.nt;sa single set, or a select fetol,of
genetic and phenotypic sol~ltions (strategies) would prevail.
Evidence provided in the present study (see section 3.5
abo,rd) indicates that no distinct pattern exists between the
two dominant determinants, viz. Sf~il moisture and nutrients
(see section 1.0 above), and the magnitude of the expression

84
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o
of pln.nDItraits. These results are in accozdance 'witt.:. the

I n

strong warnings of both Larcher (1983), and Wiegert. and
Kozlowski (,19'84) that b~tP morphological and ,V!:..ysiological
respon(~es of plant traits ma~1'r~flect historical inform~ti~n
about environmental Lnf Luencee ,rhich maynot pertain to the
si te (s ) (:~~5they a~e at. present I ':reducing correlati?~s between?)/
tits magnitude of ~he plant trai 1.: and the in'lt.rensity of an j l,

,I

envir(ji'lmental trait to irrelevalence (see section 4.1.1,

r-
"

j''-

-'-~-=::

above) •

'l'ne m~\sidentification of the determin;;mts 01." the
((

underestimation of fai ther (1) syne,rgj,smbetwe@ndeterlninants
or (.2) their modeof ace Lon on botl:\ structure and function,
inh1.bitf:f the ,~erivat.Lon Of a simple functional model. It is
therefore clear that tho ,~imple scatiement;of suspect.ed

determinahts (see FFost et 91.1986) provides little
information to fuhct:ional studies.

(i '

'rl ,!

4,.6...1 Conclusion to Dilt'~ct Gradient Anal!rsis (Objecti\1e Ill)
( \

The solution of a functional approach to v~1etation
classif:i.cation cannot be resolved into a si'fuple model such 14s

C" . //
<tlw'+ t;· ~sented in Figure 1 •.1. The pattern that would
contl'"ilbute to this model has not b~en.!shown to occur using a
df,/ect grcl . f;mt ana.tysi.s technique. ll.'hepattern, should it
exist, maybe masked by (a) an inherent adaptation of the
plant traits t.O an ancient set of environmental constraints, ",

'"
(b) by the insensitivity Clf the. methods exel':C?1sedLn the
present study to additional unknowngradients, or (c) a lack
of an adeC.{llatel.lnderstandirtg of the hypothesized determinants
them.selves.

\ ~.



4.7 INTER-SPECIES COMPARISON

ObJoot.ive (Lv')~ To determine func·t.i.onalsimilarities (or
differences) between plants I species occurring at different
points on the moisture / nutrient plain.

A large numbep of st.udies,,(egCody and Mooney 1978, Cowling
and Campbell 1983, Parsons and Moldenke 1975) have
demons ,J,:atedI to varying degrees I convarqence of seemingly
floristically diverse species along marked climatic and
edaphic gradients or in analogous but spatially separated
ecosystems. 'J;l)eseillustratiol1s,provide support for th.e
concept that plant communities, ecosystems and biomes consist
of a range of fur~ct.ionallysimilar species.

The basic assumption that p,l'mts which share similar
attributes may be grouped into guilds or functional groups is
not, however, clearly evident from the present study. The
first and foremast feature of the clustering of species with
respect to their attributes, particularly the herbaceous
layer, is the tendency of the species to occur at a nodal or
mean point within a PCA ordination space. This limits the
possible occurrence of meaningful variation, and hence
functionally dissimilar guilds rQmain unidentr_ied. This in
turn suggests th.at the species stUdied, in the present study,
are inherently similar and have not diverge.d sufficiently for
functionally independent groups of plants to have evolved.
This obaervatif.onis in diract contrast to the findings of the,.

stuc:tie~?'in the literature as discussed above.

Despite the similarity of woody plants in the present study,
an aspect of a simple s·tructurally based classification, in
terms of leaf size, was evident. !t has long been realized
that shapes and sizes of angiosperm leaves reflect
adaptations tr)environmental condi tiol1s (Bailey and Sinnott
1916, Rnunkiaer 1916). This relationship, in recent
1iterature( nas been expressed more quantitatively USil;i9

Dultivariate analyses (Bax 1981, cowling and Campbell 1980
1983, Gale 1973r Gates 196B, Gillison 1981, Givinish and
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Vermai j 1976, Kniq}).t and .Loucks 1968). Predictions in leaf
\"r:

size and shape al;f.mg environmental gradients have been based
on.water economy (Cowl ing and Campbell 1983, :Knight ane
Loucks 1968.' Par.khurst and Loucks 1972, Pickett and Baz:zaz
1976, Werger and Ellenbrolek 1978, Werger §.'k a1. 198'7), soil
fertili.ty (Cowling and Campbell 1980 : 1993, Loveless 1962,

".1

norrow and Mooney 1974) and photosynthE:l;tic perfor1l'lanc~
(Baldl.')cchi et a1 1987, tniack 1971, Y":l::iendand Woodward19.1))0,
Pearcy et al. 1987'). Tht$!observation of recognizable leaf
size/shape classes wi thin, the woody component; of the present
study is particularly sig'nificant as the association was not !~

a product of measured lea.f size and shape, but the product of
both mor'phometiarLc a,t;}d~~tnctional traits. It may be obvious I

, .\
but "tell worth mentioningt, that similar evolutionary
pressures may have acted' independently on both structure (I{ ie
leaf shape) and function .(eg photosynthesis) or that all
plant attributes evolved I~imultaneously under a oimple set of
environmental constraints " or a combination of the two.
Regardless of the nature and histor.y of evolution of the
plant and plant traits, a strong handshake, for the woody
spocies, is perceived to exist between structurally and
functionally based attributes.

The similarity between selected woody plants enables the
concept of ecological equivalence to be addressed within the
present study. The term 'ecological equivalencel was derived
fr01,\ the notion that two species may be ecologically
substituted for one anbthpr (Cain 1939, Dirks,";Edmunds 1947,
}<nigbt and Loucks 1968, Naveh 196'7, Odum 1959). Woody
species, in the present study, which were suspected of being
functionally equivalent are Acacia nil_otica and Dichrostachy:s
gineren I Meytenus SG11egalen~i~ (see Figure 4.1) was seen b!:J
be equivalent t.o a mnnbs'r of. micropllyllus species, whereas
bcagJ,a }l\el1if~t'awaS perceived to indicate .functional
tendetlcies towards both Grewi,g flava and Te.l;'minali.qs~~;r..Jceq.
The occurr-ence of functional ~~quivalence within the ,woody
species that occur within the south African savanna
highlights the importance of v~\getation tlomenclattlrr and tIle.
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·use of looally indigenous plants in reclamation, ,j

rehabi!itation and restoration studies.

trhe classi:f.~cation of savanna communities using either
dominant. or indicator species (see Gauch 19~'6) that ar'e ~;
functionally equivalent, t?foviq.es little functional
information. Classifications, therefore, unquestionably,
should opt to include both indicator and dominant species

II
within the description, so as t.o ensure oompr'ehens Lve
characterization of the community from a fllnctional basis.
rrhe knowledge of functional equivalence for a wide range of
savanna species would enable information derived from
successful restoration studies to be capitalized upon. This
process would then allow utilizatic.m of locally indigenous
species ill' the restoration process, thus conserving the

fll.:'xisti.c integrity of the areas within and surrounddnq the
restoration site (see Jordan ~t ~1 1987).

The Lack cC;~~.):ltinct guild~ ill tl'lC;1grass component indicates
tii,at r with .resthact to the traits covered in the present.
study, a large majority of savanna grasses are functionally
interch8ng~able (ecologically equivalent). The inherent
funotional similarity of, and lack of divergence within the
(Jrasses suggests that a fUnctional classification would 'be
impractical. Should this observation prove consistent with
all grass species that occur within the South African
savannas, then no add.itional information is added to a

descript.ion of a vegetation type (ie ,au:t.:'keaafrig,ana.
savanna), if the dominant grass species is included (ie
Burkea ,afr:i.cana., r.!ragbfJills P-tUlen§ savanna). Thus a
vegeta.tion t.ype described as a f,3urkea,african_9., ~rag~Qst,i,.§
pa:),)_,en~savanna may perhaps be func!'t.ionally similar to a
l3tll:,keaa.frimm a I f!gteropgogQ!! Q!,)ntortl.!§ savanna, and yj.SJ§

If the South African grasses are inherel'1tly similar, the
question arises whether grasses that occur within other
savanna biomes (eg Australian, Brazilian, East African
savannas) are functionally similar to tJlose 'that occur wi·thin

(1



the Slouth African savannas. Should t.he savannas of the world
be functionally dissimilar, global consezvatd on as well as

I

movement of grass species between biomes become ilnportant
issues requiriilg pr'ompt; attention. The loss of savanna
communi ties (eg through the, action of modern man), 1Clay then
result in potentially functionally unique vegetation types
being lost. This would require increased conservation status
of savanna biomes (globally) in order for genetic, floristic
and functional diversity to persist oVer time. Both the local
and global oonservation strategies as proposed by Anon
(1990), and Walker and .Dickson (1988) on global change WOUld,
hence, require significant modification. If, hcwever, a large' "
degree of functional overlap')occurs between the different,
savanna biomes, ourz-errt conservat ion strategies (eg Nata):

Parks Bo,ard Mission Statement 19911 National Parks Board
policy statement 1991) would :r.elllE!in pert~ii').(mt.. Fltnctione3J y
under-reprE'sented communi ties, 9'lobally, t~ou.lc th~ti', tli:.iqn .tre
identification and thei.r conservation stat.us in"reas..:-dto
ensui;;etheir continuance over time. The development of I~.

platform from\,hich the similarities and differences between
savanna biomet has'been cited as an important object..n..ve \~~::

,/

the IUBS/UNECO MAB proqr amne on the Responses of savannez; to
('I

stre::,:;sand Disturbance{ (Walke);.'and Menaut ,,1988).

The presence and absence of guilds in woody and grasses
respectively, may indicate a need to split both vegetation "
manaqemerrt;and conservation into tW9 elements, so as to
prevent a management action, in response to a change in one
component, adversely affectil'lgthe fUflctional integrity of
the other. The presence of potential funotional groups withi~.
the woody plants indicates (!promise in the derivation of a
functional classifica.t:i.Qn.The signi.ficance of chan(Jes in
environmental determinantl3 could then be addressed, as
floristic changes may not necessarily indicate a functional
dhal'Njewi'thin a plant oommurri.try , Functional information may
provide the tools needed ,to assess the effectiveness and
accuracy of exe.'lJplarysavanna and grassland bench-marks
provided by the Departmemt of Agr Loutture •
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4Q1.1 CONCLUSIONS TO INTER-SPECIES COMPARISON (O&'1ECTIVES,'IV)

Comparative plant morphology bas been utilized as one of the
basic lines of evidence for the demonstration of convergent
evolution~ The argument indicates that morphology, which is
said. to be environmentally salec'ted, reflects the functional
adaptations of pl.antis , Neitt, ) divergence nor convergence of
species into gu~~ldShave been demonstrated with the grass
species. Evidence of convergent eVolu,tion is seen to occur
within the woodycomponent. The inherent silililarity of the
savanna plants denies, ill the;;;present study, the
identification of me~ningful strategies, which i.s in direot
contrast to the ponclusions af the literature cited.

4.8 INTER-SITE ORDINATIONS

Objective (v) : To evaluate funcj~ional differences between
pHlht communities which occur within different plant
available moisture and nutrient regimes.

Flvidence supporting tht~ phenomenon,that plant communitl as
growing under similar envi.ronaerrca l, constraints on a site
basis have developed similar traits or stt'ategies has been
widely published (eg Baldocchi gt al. 1987, Black 1965,

cowling 9~~dCampbell 1980; 1983 I ti/illison 1981, Friend and
rl !I

Waodw.:trdH:>90, Knight and Loucks 1968, I.oveless 1962, Morrow
and M!)oney19~14, Parkhurst and Loucks 1972, Pearcy ~ al
198') I pickett and Bazzaz 1976, Werger and Ellenbroek 197ff,

WergeJtat a:t.. 1987).

It is assumedwithin the present study, as with the current
1i terlntm:e, that the mdjori ty of plants \'occurring at a
pEl't"ti<:mlarsite within a vegetation type, e>eperience(d)
i i,·.llar environmental constraints. It. would, therefore,
natu.rally follow that a sui t9 of plants occurr-Inq at one,
particular site would be functionally dissimilar to a suite
of plants occurring at a different (in terms of past and
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present environmental constraints) site. The major two
dete:tminants responsible for 1::.hedissimilarities, it is
argued, are plant available moisture and available nutrients
(Frost g~ al. 19a~).

The ordination of attributes, in the present study, measured
from a number of plants that occUr at diLferent points on the
moisture: nutrient plane, do not indicate an overriding
pr.esence of both p'Lant;available moisture and available
nutrient gradients.

(\

There is little doubt that soil mo i.at.ure, alone, played a
significant 1;'p1ein the derivation of th€l grass attributes.

( I

This observation is consistent with the findings of cowling
and campbell (1983), who reported diotinct patterns along a
moisture gradient for leaf consistence within the non~fynbos
communities. The synergistic role of soil fertility in the
observed patterns could not, however, be excluded when
compared to fynbos co:ro.munitiesoccurring on ,~dgh1y dystrophic
soils. It may, therefore, be surmised, that a cut otf point
nay exist above which the moulding capacity of soil fertility
\becomes insignificant, and the soil fertilit~'of South
/African savannas occurs above the cut off poxrrt,

Two questions arise; (1) Why is there a difference between
the grass and woody components? and (2) Why do soil nutrient
levels fail to have an oVerriding importance in determining

',I

the plant traits examined in the present study, given the
persuasive argument presented by Frost ,at aL, (1986)?

The e~tire complement of woody plants selected in the present
study were mature. They WOUld, therefore, be expe~ted to have
an extensive root system, drawing both moisture and nutrients
f:r'oma large area (!{utherford 1982). The root systems of
Burkcq afrig~na have been recorded to extend 40 m (Rutherford
1982) 111to nutrient rich patches (see Blackmore ~ a1".1990
and scno les 1990) and BusCJliS! sp , was rm;orded to have
penetrated 20 m deep into sliqht1y moister soil layers
(personal observation) at Vaalputs, North wc:sterticape. The

flrelative distribution of rooting material and volume of soi).
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exploi ted by woody and grass plarrts may provide the soilution
to the two questions cited above.

The relativ~ amount of soil nutrient volume a grass species
exploits is potentially on a similar scale to that of woody
species (Figure 4.2), adequately matching both the structural
and functional demands imposed by plant grow·th.

I
~ __ ,_.c".~_c ~~_

.1 '\ ~ :-..._,~ .'" /' :;\r~,,-(I ~;.'__t ....// I> \
/ J \. \I I \ \

.. / \. \
- " ; \

,..::~~.. :>/ \
'\ (/!.

Figure 4.2 Distribution of woody and grass roots wi,thin the
soil plofila (see text for details).

., I
j I

/ ;'\\
'.1
'\

Unlike the woody plants, grasses do not have equivalent
access to moisture round in deepet' soil horizons. It is I

therefore, ~uspected that a far greater dependence is placed
on rainfall by the herbaceous layer t.han woody plants. This
con joonurc is supported by the post-rain flush which savanna
qraases frequently exhibit.

The repeated associa~ion of selected sites for nIl attributes
measured, in the present study, despite the vast geographical
separation of the sites suggests that onc or more gradients
are regulat~ng the expression of the plan~ traits. The
absence of :these qr adientis , t.o wh.ir.::h t.he attributes wmlct
have! mO\lld(!,tl, would have resulted in a .randon association for
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each attribute measured. It is clear that one of these
gradients operating on herbaceous layer may indeed be plant
available moisture, but the determinants of the woody
component .remain "unidentified. The inability to effectively"
iq.entifY the regq).atory 'gradients in the expression of'plant
traits supports the idea that these gr~dients may not be
linear and that thresholds may exist (see Cowling and
Campbell 1983). Likewise, once the threshold is traversed,
the mould.ing capacity becomes insignificant and is replaced
by one 017 more different regulatox.·yvariables.

4.8~1 CPNCLUSIONS rro INTER-SITE COMPARISON (OBJ,ECtlVES V)

There exis+s little doubt that both structure and function of
the .grass layer are dependent; on the availability of soil
m~Jsture. The level (i.J~ correlati'on between the expression of
the trailG and the magnitude of available (inferred) soil
lU<;I.isttlreis not, however, SUffioiently robust for a
predictive,~odel to be developed. The obser.\vationthat soil
nutrient c~tlCentraticns do not appreciably regulate the '

"expres$ion of the grass trait measured in the present study
'.\wa(~ noted. The suggested regulatory role of t.hisparameter

is, therefore) challenged.

No correlat:i"onexisted between tht;)axpt-easLon, of traits of
the woody component and intensities of either plant available
moisture. or nutrient gradients was observed. The role of
these det~rntinaJ1tsin the expression of ecophysiological
traits, within. the woody component, has not met the
expectationE~ cited in the literature.

~..
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5.0 GENERAL COi~CLUSION
-;

,I''.·I....~ "

'I'he stUdy was undertaken within the South African aavarinae
to examine the prospect of a functional classification of
savanna plants at an ecophysiologica;):.level.

A total of f~ffeen experimental sites were selected on the
basis of rainfall, parent material, vegetation type and
local ecologistis and manager's recommendations. Within each
study site, plant species were selected on their ecological
~ominance, distribution and autecology. Various
f.lJe>p;nysi,('+ogicaltraits w;u'.t{.i.nbroad areas of leaf
photosynthesis, plant watL1:pot.ential and morphometric
traits were selected~ Plant water potential data were
omitted from the study due to an inconsistenqy in the
teChnique used. 'J:hl3 water potential t-..;chniquesuse were!
however, retained as the potential of this approach remains
to be fully realized.

The primary objectives of this study were to (1) compare the
\

variation at the plant conunun ity level 'to that of the
savanna l:licnllE! I (~) determine the constancy of the plant
attributes inyestigated over the span of a single 9rowing
season, (3) determine whether the traits vary pred.ictably
with a change in either available TI\oistul:'eor nutrients I or
both, (4) determine functional similarities between plants /
bpecies occurring at different points on the moisture I
nutrient plane, and (5) e"aluate functional differences
b-etween plant communiti~s which occur under different
moisture and nutrient regimes.

j

J

The present study highlights two broad categories '(ie
determinants and seasonal Variation) that require both
intensive and extensive investigation before meaningful
criticism can be lodged at the relevance of a functional
classification of South African savanna plants at an
eCt')physiologicallevel. It is clear, however, that the
savannas are, or have been, subjected to moulding
environmental constraints" The assumptdon that the two
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over~iding constraints are most likely to be plant available
moisture and available nutrients is not supported by the
present study_ Likewise the uniform intensity of the
determinants throughout.;the savanna biome cannot be
sanctioned. It is believed that cut off points operate and
once these points are traversed a new set, or a new
combination of determinants begin to g<)vern. The likelihood
of an arlbi?llt:set(s) of determinants that no longer exist,
that inflt'{6~~ethe relationship be'tween plant trait
expression and envl'(;.mmental gradient.s (diffusive
causality), is cause for concern. The possible presence of
diffusive causali.ty continually inhibits an effeotive and
meaningful examination of a func·tional approach to
vegetation classification.

As with determinants, the in:Eluence of time or seasonal
change on the expression of the plant traits requires close
scrutiny. Attempts to standardize Ule sampling techniques
used it! the present study have not been effective :i n
excluding the influence of seasonal change on the expression
of plant traits. It is suspected that sampling met.hods will
have to be extended from an instantaneous technique t.o one
that encompasses the' chanqe in expr~ssion of the plant trait
over the entire growirlg season. 1'}16 derived functional
classification t-muld therefore embrace a plant attribute
profile rather than hA attribu"t.c;being represented by a
single observation. The il1fluend~ of seasonal change on
plant trai ts effectively prevented bot.h inter-s:pecies and
inter-site comparisons to be made. The reduct;ion in the
importance of a change in season on the expression of plant
traits enables the present study to gen~rate meaningful
hypotheses and observations in the two categories.

Savanna plants, particularly the grasses, are inherently
similar at an ecophysiological lev(:~lA.lthough a recognizable
pattern of leaf morphology (deri vel.'~from characters ot/;ler

;\than leaf morphology) was evident within the woody
component. The contrast betwe~m the inherent simiJ arIty of
,the grass and recognizable patrcern in th,'i'lwoody layer may

(.'
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suggest. that futurl9 classifications, of savanna l}lants shouId
separate the components and (derive a uni.que classification
for each.

// As a general ccncfus i.on, ,,3 functiona,l classification of
plants, at an ecophysiolo9ical S-ievel, remains i.n {:ts
infancy. Conclusions on the success of'such an exercise
would, therefore, be premature. Manyconceptual and
technical p:t'oble:rrtsr~quire sol ving pr~.or to a funct.ional

( ,

classific!:)tion be;i.llg formally addressee;1-An alternative to". .. ~ ,. . //the curremt flor~stac class~f~cat~ons rema~ns, however, /~;::/
essential if understandlng of the sava~r~(\,,~.is to be ,.?7,>~
increased. TIle need of a classificat.itm Ilwtd.dh embrace~i
information other than speci\es composition far o.utweighs the,
research need to meet this mandate.
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\\

\\ )\ I.

\\ ; f(
/1 ,'I

\\

(/

96
"
I;



APPENDIX A

1.0

0.8

0.6 2
23

Plle 0.4
2

0.2

PMAX ::: 0.6987
0.0 2 QE j.: 0.0052

DR :! MO.1646
9 CP :: 31.6533

~0.2 --L __

0 500 1000 1500 2000 2500 3000
QU

-, I.1.5

'\
I

I'
:1

1.0 ...
0.5 • ·3 i

•2 \0

2-
PIt 0•.0 I}

2

-0.5 •'-'- __ L..._ .L... ._....L_----1

o 500 lOGO 1500 2000 2500
QU

. . " . .. .. . .. . \\f'1gure A 1.. A photzisyrrt.he't.Lc Lr radf.ance response curve
(derived (a) and measured (b)) for Bur$ea african(! at
Nylsvley. l?MAX::::maximum photosynthetic rat~ at 2500
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Figure .A 2. A photosynth~tic irradiance response curve
(derived (a) and m-rasuoed (b) for the .Cenchrus
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Table E l(~ A persentage differenoes are given for the "'
comparison of attributes of plant produc.::tion betWt1en the \
beginning (November) and the end (June) of the growing seasdn
(A :0:: 0-209.; I B "'" 21-40%, C :;::t.:Q,"""~';"~' 0 :::::SfJ-150%, E =:: 150-5009.;
and ~- 1 indicates a dfllcrea§0).'

<:species Sit~ Pmax QE OR cp
c- \\

Grass 1:-

-II((
Binsc IMl <; B -f,3

,I

() Ccill M1 c -c -B E

Pdel1E; Ml D C 0 B
"

Plllaxi M1 )) B A -B -c
Ccil.i M2. B E E ....13
Pmaxi M2 /J C D B -B
Dampl WI, Il " A -8 -:c -c.
Ttria " M4 B -D \1 _.F) E',.1

Wqpqv r\
()

Al11.g1' Ml C C A B

Anii'a Ml A D A C

Axant :r-t2 -n E '''B C
Caple M4 r

B C ' " -/\ C
f)

()panl l-i4 A C i,' U D B

." ~,l;'_gr .,
" .. \

Acara :t.12 C E E B

Atetr \' H2 A -A -C -H
Sveno M4 A -c B E

~I,

"
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·f ~. \\Table E 2. .a. comparison o'J! scle:~··~~.hylly( succulence and leaf
turgid : dry weight rati!? betwe~::hi,:t.he beginning (November)
and end (June) of the growing seas'~n. 'At de~ignates a
statistical difference of O.:OO:'L<p<O(~'Olt 'B' O.Ol<p<O.5 and
tc, p>O.5.

Species

~l'."~g,§ip.
Binse
Coili
Pdeus

Pmaxi
Dampl
Ttri~.

ii

NQ9~qy:

Arligr

Ant.lo

Axant
capie
opan i

:)

Acara
Atetr

Sveno

/;

site SUG!'"

CJ

A

A

C

C "

(()

c

seL RAT

A

13

C

A

C

C

C " ,»

C

Ml
Ml

,1

Ml B

M4

M4

c
c

M1 B A C

1-11 B B C

M2 C B C

M4 C C C

M4 13 13 C

M2 B B C

M2 13 B C

M4 C C B
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bl J" - 1 .Ta e E 3. A compar~son of grass aml.nastrength between the II
beginning (November) and end (June) of the growing season.
'A' designates a statistical\_-difference of 0 .,OOl<p<O. 01, 'B'
0.Ol-<p<O.5.and 'C' p>0.5. I

Species ''1) \)
sitf.~ strength
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EsupEr'IMl C
\)
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"
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Figure D 1 Oirec.::t gradient analyses for ma~tinUll1 oil

photosynthetic rates (Pmax : mgC02 ,m-2.s-J..,) of i;.!j.e
grass component along i.nfered moisture and nutri~n'f:
gradients (see sections 3.5 and 4.5 above). Interg~rs
represent overlapping data points. "
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l"igure D 9 Dir~~ct ,.gradient analyses for m~~imum .
photosynt,hetic r~tes (Pmax : mg cQ2 1))\\-2. s-J.) ,Of the
woody componEl"1t f1,long infer¢d mok~ture and nutrient,
gradients (StJ0 sections 3.5 and 4,',,'\P above). Intergers
represen.t overlapping data point:sl '
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Figure 0 10 Direct gradient analyses for quantum e'ffici~ncy
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data pOlnts.

O.S

0.6

QE

0.2

0.0

0.8

0.0

i J -.~
o

u

• • 2. .
2

2 Ii
2 0

"I
"

2 •

3 2
2 2 2 •

22
2

\\ 1/
I)

L ......_ __ ....J.... -LI .--L.JII

60 80
GROWTH DAYS {I

20 40 100

--""1 -- =- .........-- ...........-~I..........---l
;/

1/.

. . \,

-I (I

2
2

2
:1'__ -lJ

o 4

111, Appendix D

((



0.0

"0.1

"0.2 t

-0.4

-0•.5

20

0.0
2

-0.1 ·3 ¥ 2
I ill •• iI:.

-0.2
DR

"0.3

1\ •
-0.4

\1

"\\-0.5
I, L

0

2
3

• -4 3

.. 1.-...., .LJ

80

(1

Figure D 11 Direct gradient analyses for gross darJc
respirCition (OR: mg CO2 .m-2. s-l) of the I:Joody
component along inferect moisture and nutr.ient~ gradients
(see sections 3.5 anCl,4.5 above). Intergers represent
ov"rlapping data pOint\

)J
}

~~-----L--~'r-~----
40 60

GROWTn Dli'S
~.'--~""'----I--~-"'-'_"'"----"T"1

3 • 3·
• • 2 •

r,./

..
\I.

p

.. .

2 2
• 3 • " • 4

, .
()

100

o

.......L-_--l ..~_L___.. __ "'_'Ij

1 234
nro~~ssPRODUCTION INOEX

112

((

Appendix 0

II

~'



o

250
(J

i
I

200 1\

• •
150

cf'
100 \,

2

:J • •
3 • •
2 2 3
3 3

2
• ·3 3 ..~ I),

j

i/ 50 ·2..
o .

60 -
GROWra DAYS

. i'> j''''

80

50

t.

\';

250

200

150
CP

2

• 2
3 3
·23

•• • •·· 2
2 • 2
• 2 2 •

••.. I,

100

. O·L ...__....I .._".._..J... ,,-- _
,(

o 1 i )'
aI0MA3S PRODUCTION INDEX

4

Ci

F'<igur~D 12 Direct gradient analyses«for light compensationpoint .,(CP : f.'E·m-2 •s-1) of the ,,~oodycomponent along
infered moisture and nutri~nt gra.d:i.ents(see sections
3.5 and 4.5 above). Intergers represont overlap~ingdata points. '.

(\

\\
113' Appt~mdix 0

{)



::: "L/_)~~2_~-L.-' ••__._.__ .:....J' L..... _'. __ '_'_,l... ' ,:i 1
_ I J

2 3
BIOI!ASS PRODUCTION INDEX

Figure O. 13 Direct gradient analys$s for sclerophy'i.ly (SeL
g.d-2) of the woody component along infered moisture
and nutrient gradients (see sections 3.5 and 4.5
above). Intorgers represent overlapping data '['loints.
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1\ Figure D 1~ Direct gradient analyses fer sucul.ence (SUe : "
, g.d-2) of the woody component, along infe.red lnois/:ture

,and nutrient gradients (see sections. 3.5 and 4.5~
above). Interqers represent ov(.'·r.lapping data points.
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