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ABSTRACT - - Ty

The present study was undertaken, within the South African
savannag, to provide-insight into a functional classification
of savanna plants using ecophysiological characters. The
primary objective of this study was to investigdte the
variation of these traits throughout the savanna, ahd to
relate this variation to plant available moisture and
nuthients. )

L]

It was conciuded that;

1) no formal or speclallzad stratagles have evolved within a
number of the study sites,

2) unlike the woodyucomponent;'neipher divergence nor
- convergence was demonstrated within the grass_layer,

'3) plant avallable nutrients did not'appegr to be a major {
determinant of either compoment. although plant available
moisturs proved to be unimportant in the woody layer, it
did play a role as a detetminant of the grass layer, and

4) constancy of the plant traits was not demunstrated tp
ocour over the qroking season.

A succeSsfill classification would require the components to
be éeparaté , specific determinants be identified for each
compenent., and an element of time be included into-both
edaphic and blotic measurements.
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There'seem always to have been two ways of looking at the world, One is rhe%&mqay

way in) whick objects and events, although they may be unrelated vausally and influence

each other, are seen to be separate. And the other is rather a special way in which every .,
thing lcomzdemd to be part of a much greater pattern. | -
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\J8 AND ABBREVIATIONS
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Plant \xttrlbutes

R

o
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PMAX = maximum photosynthetic rate (mg &02 m2.g 1)Ii

O = ﬂqudntum efficiency (pE.mg COy 1y

DR = dark respiration (mg CO, -i~2.571) T

Cp = light compensation point (uE-m=2.5~1) \
; N : : |

vfer = leaf : chamber temperature ratio ‘

SCL = leaf ﬂclérophylly (g-dm™?)

suc =" leaf’ bucculence {g am=2)

RAT = leaf Lur§1d : dry welight ratio
BARK = woody:bark thi ckness {(mn)
BREAK =

(dyne.cp™1 °)

ra

* Units were determined by eithgi the exparimental aquipment,

herbaaeous ldmina breaking strength

i

or by contemporary literature., SI conversipns are given’

above.
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1.6 INJRODUCTION

) current reaaarch ih avaﬁhas includes the RSSD (Responmes gf

Savanna$ to Stress ar
of thisg lproq,pamme is
the wagﬁiin which savahnas respond to both mhn-made and |

natural ﬁisturbances (Frost t al. 1986 Waiker and Henau$
1988). W&th;n thie programme, a project was! proposed to

Disturbance) prngramme. The objet thE

i

outh African savannas.~mhls<praject wai divided into ﬁwo

S develop a predictive understandd ng of .

Elnvezﬁlgate the possibility of a functxonalTclassif;aatio& of .
+the

complémentary studieg, collecting data fromﬁidentical regzonsﬂ_ﬁ
within the South Afriqap savanna. The firstvwas directed at“”

the aommunlty level , concentrating on the .strugtural aSpEGtSﬂ
‘of the plants fand their organization within the communityl.
The second, the present study, was directed solely at the
specles level.

The aims’ of this study were twofold. The first was to
investigate a hypothesized relationship between various plant

structure and function. A significant relationship between
the two wﬁuld prévide valuable insight inte a possiblé link
butween savanna structure and function and 1ong term
enviropmental constraints. The second was to investigate the
prospect of a functional classification of savanna plants at
an écophyéiolngiqal level. A meaningful correlation between
plant structure and Function, anfhclimatic and edaphic .
varlables, is belleved to providi'“he toolg needed to predzct
the responses of different vegetatxan typea to long t&\w

environmental change. The modifying effects of glohal

eclimatic change have been identified as the single most

important driving variable in vegetation change (Anon 1990).

¢

1 From Picket (in prep) RV,

s

W
"

o
4

acophysiological traits and stggested determinants of savamma.
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The present study draws heavily on the o! erVatloﬁ of COdy 7
and Mooney (1978) that; :

"ihe forms and fupctions of unrelated organigms
that occupy similar but distinct habitats ofran '
show parallels and similarities. Such ; o
comparablility has been used ag wvidence of th@

strong role the environment pfhya in the : ﬁ'“
evolutionary process and of the linited number“af
optimal adaptive splutions to a given

environmental complex". |

From this we are ablé to surmise that thi gelection against
certa’ . attributes, enables plants to develop strategies in
_ order to cope with environmental constraints. Different
plafits under similar environmental conditiont are lixely to
evolve similar strategies, as a consequence of the long term
iwposition of environmental limitations.

Ideutifying the key or principal determinants Lf savéhna
structure and function is believed to be fundamental in
improving the understanding of savannas and their dynamics
and ultimately improving savanna management. The determinants
of gsavanna structure and function have been proposed by Frost
et al (1986) to be (1) plant available moisture, (2) *
available nutrients, {3) herbivury and (4) fire, The first
two are the primary determinants and the latter represant
modifications. A& £ifth influende; Frost et al. (1986) "
recognized, is the effect of human activity which may modify
the four determinants.

The develcpment and use of a structural-functional ;
classification is not new. Humboldt (1807) considered’the
subject when stuinng broad geographic vegetation 2ones,
using a biomass arrangement index for his elassification,
Since Humboldt’s contribution, various structural-functiaﬁ$1
approaches have been followed. These range from selected
species, to biomes and gemqraphical areas. The majority of
this literature is centred around Rawnkiaer’s (1934) 11fa
form concept. His classification was based on the pOQltiﬁh of

i
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the“perénnating organ during the unfavourable season (see

. Adamsoh 19392 and Caan 1950 foyr, extensive reviews).

| Raunkiser’s system has been widely accepted and appliedi

- mostly to compare the vegetation of different clinates, but
has also been applied in stidies of a localized nature
(adamson 1939, Butler 1954, Cooper 1861, Randall 1952,

Whittaker 1960) «

B!

Plant features other than the perennating organ have been
considered in structural and functional studies. These
include leaf size (Adamson 1927, Raurkiaser 1934, Webb 1059,
Parkhurst and Loucks 1972, Werger gt-al 1987, Camerick and
Wergar 1981, Knight and Loucks 1968, Givinish and Vermeii
1976, Werger and Ellenbroek 1978), vegatation reproduction
{Butler 1254 Gimingham 1951, Randall 1952), methpd of
dlspersax \umata 1958 Randall. 1252), leaf temperature
(Gates 1968}, Jleaf consistence (Cowling and Campbell 1983,
Loveless 1962 Morrow and Mooney °1974, Werger and hllenbroek
1978), photosynthesls (Baldocchi et al, 1987, Black 1971,
Friend and Woodward 1990, Pearcy et al. 1987), to name but a
few. This list could be expanded to include almost any
autecological feature of the plant. The variation of these
attributes has, in many cases, been related to local
environmental gradients (eg Webb 1959, Beard 1944, Collins .
and Jones 1985, Cowling and Campbell 1983, Givinish and
Vermelij 1976). The predowinance of tropical and, to a lesser
axteﬁt, Mediterranean vegetation types is evident in thess
studies. Similar studies in savanna vegetation are, however,
congplouous by their absence.

e

In what is probably the most efféctive statement on the
floristic composiﬁion of South African vegetation, aAcocks
(1953) cmncentraqed on the proportional species composition
of plant communiémeﬂ_ ohis classification has, however, its
shortoomings, as its development was based on vowparing arveas
of similar farming potential. Ignoring the agricultural
importance of vegetation, Rutherford and Westfall (1986)
clasgiflied the southern African vegetation on the dominance



\and Gﬂ*&ﬁmlnﬁnﬂ& of plant life forms on the basia of. clxmatic

ihdices.

Proportional spacies compositioﬁ"providea a classification at

local levels where interrelationships between vegatation and

pther patterns are examlned {see for example Frost 1987,
Whittaker et al 1984). The identity of the species within a
floristic classification rests heavily on the Linnaean systen
which assumes that each species is unique in its functlonal
behaviour: These species may display variable tunctional
responses over their geographical range {Gaych 1986).

Should the savapnas consist of functionally uniqgite Linnaean
species, functionally baged clagsifications would, i this
instance, have little practical use. It is suspected,
however, that the savannas do consist of both a few unigue
specias and a large number of functionally similar species
which can be condensed into a significantly smaller number of
guilds, Classification based on functional gharacteristics
rathey than solely fluristics would circumvent the
impract;cabi;ity of rasearchingm@very savanna dammunity. This
would allow extrapolations of e }mgical predictions to other
like~rasponding or functionally siimilar gavannas to be made.

“

Global clfﬁatic change over tHhé next half century has been
widely forecast (Walker and Dickson 1988), and it is likely
that the savapnas will respond with a combination of
functional, structural and floristic changea.vln order to
predict the direction and magnitude of these. changes, a
platform or model (Figure 1.1) linking savanna plants or
communiities, or both, to environmental gratients is required.
Data for such a model may only be drawn from studies that
record spatial or temporal changes in savanna plants or
comtmnities. o ”

A spatial study, as with the present study, relates chanqés
in vegetation compenents or sub-comporients to primarily
edaphic, climatic or other gradients. Temporal studies take
one ¢of two approaches. The first requires the studying of
long term photographic or management records, or both (eg
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Randall 1988, Shantz and: Turner 1958)‘ The second approach is
the application of field scale exparaments to measure the
eftects'a@%extreme avents (se¢ Walker and Turher 1990).

i

Available”

nutrients %

Available moisture

Figure 1.1. Al example of a simple model describing possible
direction of adaptation of an attribute ‘o’ in response
to a change in either plant available moisture and
nutrients, or both. <

"1.1 DEFINITION OF TERMS .

G R
Savanna 1s used in a biome sense unless qualified by a

specific locality or type (eg Nylsvley savanna or Hurkea
savantia) . A savanna is described, in thig study, ag a
neotropical ecosystem occurring in a strongly seasonal
moisture regime (Scholes 1987). It has a continuous
herbageous layer of predominantly ¢4 grasses and a
discontinuous woody layer. Rutherford amd Westfall (1986),
and Huntley (1982) argue for further descriptive subdivisions
which lie beyond the scope of this study.

Woody plants include trees (» 2 m tall, few stems) and %
shrubs (< 3 m tall, multi-stemmed}. Forbs are the non-
graminoid Component”of the herbaceous layer, which are
periodically conspicuous following droughi or good rains and
often ocour in areas of heavy herbivory.  °
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Strncfure refers to the dlstributlon of plant biomaﬁa.in
space {both horizantally and vertically) thhin\a glveﬁ’pldnt
‘community (Rnight and Loucks 1968), while function refers to
the grqducts and processes of the hianhs'@physiological
system whiﬁh are apparent adjustments to the envzronment':”

(Fosberg 1961, Knight and Loucks. 1968).

n ;I i
an i r_;'

Léuf_consistence is defined as the firmness and thicknegs of

197

aréa.

(S

“~

a 1j}f (sea 60wling and’ Campbell 1983, Werger and Ellenbroak
5q succulehce refers to the maximal water.content pex
leﬁf area,'and sclerophylly refers to the dry weight peéﬁleaf
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1.2 OBJECTIVES

The present study is pot jntended to represpnt a pro=forma or

definitive sg?tem, but rather to serve as a’stimulus or
platfprn for future research intb the merits and demeylts of
a functional_approadh tm vegetatlon classificawlon.

A :

in add essing a posSLble relationshlp between

ecophysivlogical traits of plant&*ﬂnd climatic and adaphic

.constraints, the following tOpicﬁ.W1ll be addressed._

A
i

() PLANT ATTRIBUTE RANGE

1

“ The aim;bf.thiavgqction is to compare the variation of
‘plant taits that ocowr at individual sites within the
South African savanna' to Fhat of the total varlatlon of
" the blome. N

1

It iz assumed that platts have, through a process of
nétu;al selaction, derived atiributes which enable them
to persist under the constraints imposed by the
enviromment. It would then follow that the attribute
range at any one location within the savanna would be
less than the total range of that attribute (see Figure
1.2a).

' If, however, the attributes are randomly distributed
throﬁghout savanna, as would be the cage in the absence
of determinants of both structure and function, the
attribute range at one location (study site) would egual
the total varlation of the entire biome {see Figure
1.2h). '

Implications _ ) _
If the wvariation at a single location within the savanna
is noticeably less than the toial variation, the
assumption of Cody and Mooney {1978) may hold true, ie
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that plants under similar anV1ronmenta1 condxtlona have
,pqolved sim¥lax strategies. e

. ﬂf’ | S,
ﬁ; %
{a) : {?h I ~(B)
Attb | ]: ’ :[
mBigme 1 2 3w Biome 1 2 3

-Figurg>l.2. A simple comparison betweeéen a savamma that has
been ngulded by its determinants (a) and a savanna that
. has no determinants (b). Vertical bars symbolize the '
~yariation of an attribute (Attb) for the biome and _
selacted gtudy sites (i, .2 &°3). 73N v

. [ #
& - L

Alternatively, should the attribute variation at
individual sites egual that of the total variation of
thé savanna, then it may suggest tHat the savanna may
donsist of a large variety of functionally unique
species. This in turn would make a functional
classification ineffectual, '

Spin-offs
Investigating each plant trait studied in this manner Lx}
creates the opportunity to compare the three structural
classzes, namely; trees, grasses and forbs.

t»:f}

(1I) SEASONAL CHANGE . . T

The aim of tbis section is to determine the constancy of
ebophysioloqécal traits, as functional characters, over
the span of a single growing season. <

=g
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The absence of possible statements on seasonal variation
of plant traits W1thin structural / functional studies
'is cause for concern. It is obvious, b&l‘ﬁell worth _
mentioning that the repeatability, and hence the
strength, of any experiment relies heavily on the
constancy within the data. W

' Implications

W .

The repeatability of “tlié present study and others™
depends heavily on the variation of traits over a .
' growing season being wmarkedly less than the variation
within a species at any point in time.
ngﬂuoffé

- Plant attributes may be divided into two ca@egortes, ie
those that vary over & growing seasorn and thﬁﬁha*ﬁdt do
‘not. The distinction between these two typeéT*? o

attributes will not only provide additlonal informatlon

concerning their autecology, but will enable piant\* %

traits to ba selected with greater in51ghF if a-

i
gubsequent functional study is undertakenx K
(XII) DIRECT GRADIENT ANALYSIS

The aim is to determine whether scophysiological trajts
vary predictably with a change in either available
moisture or nutrigpta,'or both.

Implications. . - ]

"

If plant traits show a distinct pattern or trend along
either nutrient or moisture gradient, then a simple
approach may be opted for (see Figure 1.1). Similarig,
confidence intervals may then be attached to predictions
of possible attributes that occur 1? a knownh nutrient /
moisture regime and vice versa. !
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(IV¥) INTER-SPECIES ANALYSIS

L% S

i ' . o o

1

. . _ J),;/':{l\_“ o
ﬁlternétiveiy,'if no pattern is detected, along either
gradient, two options remain, The patterm has been
masked by either moise or gradient(s) other than

. moisture or nutrients, or segondly, no extractable

pattern exists within the data collected.
- L }

bue to the limited avtecological knowledge about many of

the gavanpna plants, information gained in the present -

stﬂd& is anﬁlmportant spinwnff in itself. . - ‘?”

: . o o : - i "
0 ' J ’ . _.Q

m;
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The aim of inter—specles analysls is to determlne C
functional similarities (or dlfﬁérencea) between plants
/ species occurring at different ‘points on/the moisture
/ nutrient plain.

inations

A functional cl&ssific&? n assumes that different

" taxonomic species have strong functional similarities.

Functional similarities between different floristic
species underscores the role of ecologic§1 equivalenge
mwithin savannas. A prediatable relationship between
functionally eguivalent speéies, and climatic and
edapn%?qgradients wonld facilitate extrapolations from
one suvarnna to the next.

s Fs "
s

If, however, the savannuas consist of a large variaty of /
functionally unique species, the savannas (world Wide)

may be Ffunctionally unigue. This would naturally negate

the poszibility of a functional classification both

within and betweern the bilomes. Emphasis could theén be

shifted away from the community (and the system) to the

biome as a whole. This would divert current attention

from vegeFa?ion change w1th;n a particula® savanna type

N
gl

ol
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to the biome as a whole. This shift in emphasis would,
- in tugr, enhance current tremds in global conservation,

o

. Functional equivalence of species is playing a greates
role in the selection of plants in rehabilitatinn
ecology. Increased knowledge of these species may lead
to a dramatic reduction in the lmport of alien plapts

» into an area that requires revegetation and
rehabilitation. Indigenous plant species that are found
to be functionally similar to those plan%s commonly used
in rehabilitation projects, could be capitalized upon.

i

(V) INTZR-SITE ORDINATIONS

The aim of inter~site'analyses is to evaluate functional
. 8ifferences between plant commuanities which cccur under
different available moisture and nutriert regimes.

Implications

If plants growing under similar environmental
‘constraints do encounﬁer similarx evolutionary pressSures,
thean sévanna communybwes, as separate units, would
consist of an unique set of strategies which would
enable them to cope and exploit the unigue edaphic and
climatic constraints they encounter. Strategies could o

“thus be used to Gescribe each community. By examining
the sgil and maisture megimgs, conclusions on the

ffffunctianal ‘content’ of the community could then ba

drawn. W

If, however, no relationship exist between savanna -

communities and determinants of bouth structure and
functicn, three pod;ible scenarios may”exist.

11



(A) No corrslation exists between the plank tr{ts (af a
abﬁmunmty leval) aund the 1ntensity of the
enviranmantal gradients.

; (ﬁ& More than one strategy may -he
\ single set of environpmental <onstraints.

I

%)

N .

successful under a P

£
W

. O |

" [

o

(¢) Plant strategies are derived from a aifferpnt ‘set

o

J

u

(ancient) envmronmental congtraints.

Lot

If a strong corrp{gtzcn exigts between plant traits {at
a coiitanity level) and the intensity of environmental
gradients, it would be necessary to sample oniy a
limited number of savanna communities. From this, hibth
" functionhl and structural understandings could be-
projected to other similar savapna communities yithout

 the need for additional studies.
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“2.0 WMETHODS SRR _ .\

i

. 2.1 8tudy Aveas

Five study areas were selected within the South african
savannas (Figure/2.1). Selection was based primarily on
annual: xalnfall and geolegy. Mean anmual rainfall withan the
‘South African gavanpas ranges between 200 mu and 800 mm )
per gnrum (Rutherfcrd and Westfall 1986). The reguirement of
turgld plant material for many of the procadures used in the
present study timited Belection of pogsible study areas to a
rairtall gradient uf appraxlmatéﬁy 400 mm to 750 wm per
annum. Each study area was represmnted by two to four sites
selected on the following basis? (1) loecal mean annual
rainfall, (2) parent matexial, (%) vngetatian type and (4) |
local ecaloglat's and manager ‘s recommendations. The
ecologist or manager was raqu#sted to recommend areas that
were (a) lightly grazed, (b) burnt ai & fmrg frequency of
approximately five years and (c) so;ls of either a
‘fertile*(eutrophlc] or ‘infertile’ {dystrophic) status.

2.1.1 Mkuzg Galie Rese5yg " y

2t
(-:I

The Hkuze Gaite Reserve is managed and admlnistered ky the
Natal Parks Board. The Reserve (2? 307 to 27 "457" '8 and 32 05’
te 32 25' E} is located on an anczeﬂf coastal plamn to the.
eaglt of the Lebombo mountains in north eastern Natal. The
climate, summarized by Goodwan (1551), is warm to hot (18.8°
C to 27.1% ¢) and humid, and generally considered to bhe semi-
arid with an annual potential evapotranspiration greatly .
exceeding annual rainfall. Annual rainfall is highly seasonal
with the mean ranging between 600 mm and 800 mm por annum
(Goodman 1991). | |
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A total of four study sites were selected sxithin the reserve.
.1§
ﬁ.l 1.1 Mixed Acacia savanna (M1)

An open woodland to grassland dominated hy Acgc1a nilotica,
Agacia tortilis and the occasionsl Acacia nigrescens tree,
The grass layer consists of Themeda triandra, Panicum

coloratum, Panicum maximum ahi Eragrostis superba. The
community 1s located on vertic clays (Goodman 1991) on basalt

parent material.

2.1.1.2 Acacia xanthophloea savanna (M2)

Riverine forest and woqdland typically occurs on -alluvium
(Goodman 1991). Tha dominant trees are Acagia xanthophloea,
Acacia tortilis, Rauvolflia caffra and Prichilia emetica, and
Azima tetrasantha as the dominant shrub..Cenchrus giliarig

14 | ﬂ
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and Egnig_m maximum were found to be. qammon in the grass
1 aye e R ki

#

2'-1 1.3 Acacia _g::.t_ili;a / Agacia lJAQQQriLI&i-i savanna (M3)
;
Described as dense thivket, in plapes ‘impenetrable (Gpodman

1991), occurring on,f;at, poorly Erainad vertic clavs/and
hydromorphic gley ﬁnmls. nominanw woody species are Agﬁg;g
luederitzii, Aggg%ﬁ tortilis andﬁﬁu_lﬁﬁ undtilata. Imp&rtant
grasses are! §g ;gnclus nitens, ggg;uum mgg;mgm, *
Dagtyloctenium australe, E..m"_emf;_om monogtachyous, and
Panicum deust / )

2.1.1.4 Combretun gpigglﬁtum savanna (M4)

”Opén woodland dominath& by Combretum apiculatum, Acacia
higrascens, Thene meda triandra, Heteropogon and Cymbopogon
excavatus, The C omh;e;um apigulatum savanna “is limited to the
crest slopes, occurring on lithosols consisting of a high
concentration of Jozini Rhyolite Formation (Goodman 1991).

A% the end of the growing season (May/June 1989) the A,
ui}\tq,_j,_qg (M1), A. xanthophloea (M2) and C. apiculatum (M4)
siles were resampled so that a possible change in attributes
studied over a season could be detected.

2.1.2 Nylsvley Provincial Nature Reserve

The savanna biome study site at Nylsvley (24° 407 § : 28° 40
E), is located on sandy soils about one meter deep, dérived
from”sandstones of the Waterberg series (South African
Geclogical Survey 1978). The Nylsvley area is of low relief,
undulating between 1080 m (Nyl River floodplain) ~nd 1140 m
{low hill) altitude. The dlimate has been summarized by aAnon
(1978), and Huntley and Morris (1978, 1982). Approximately.
90% of the mean annual rainfall of 620 mm occurs during the
perind October “throuygh March. The mean daily maximum sumner

§
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temperature is 28.4" c and the mean da;ly maX1mum winter
temperature is 22.3° €. Relative huﬂidity is low leading to-
an annual potential atapotransplratian greatly exceadxng

annual rainfall. A Ef al of three study sites were 1ocated s
within the reserve. / '

a
!
T L

2.1.2.1 ﬁgxxgg africana savanna (1) ..

The vegetation type is broad~leafed, dominated by Burkea
africana ir “the tree layer and Eragrostis pallens in the
graps layer. Soils are® dystrophic, wall drained an& shallow
with a low ¢lay content (Blackmore et al ‘1990, Frost 198?)

J

2.1.2.2 gmb; tom agidglgtum savanna“(sz

Y

‘his savarna is dominated by Combretum apiculatum, ggm_;gggm
molle and Vitew rehmdhnnii in the woody component, and
Diheteropogon amplectens, Loudetia §ngigg and Themeda
triandra as the dominant spedies in thé herbaceous layer. The
comunity iz located uphill andmaway from the Nyl flood
plain. The soils are shallow 11?&03015 of a poorly developed
structure.and are underlain By feisite (see Frost 1987).

2.1.2.3, Acgacia tortilis savanna (N3)

About 15% of the Burkea savanna is jocoupied by a fine-leaved
savanna community, dominated by éaézig tortilis with Cenchrus
ciliaris and Arvistida congesta in the grass layer. Acagia '
gilnticg,_giegrnstggggg ginerea and Sclergcarya birrea are
common trees, These communities ocour typically in discrete
patches 50 to 500 m in diameter, and are associated with
soils with markedly higher mutrient status (see Blacknore gt

al 1990) despite having a similar origin as the surrounding .
Burkea soils.

16




2.1.3 Rooipoort Private Game Reserve. .
Lo - ) /’,( .

W
The Rooipoort Private Game PeServe is owned and managed hy De

Beers Consolidated Mines Limited. The reserve ocours on
Kalahari sande, and is Qituated approximately 50 km West of
Kimberly in the Northern Cape (28° 39’8 * 25° 17’E). No
formal climatic data arq,collected within the bounds of the
Reserve or neighbouring farme. Rainfall is said to be 16w
averaging less than 990 nm pa (Acocks 1953). Summer
temperatures fZequenﬁly exceed 40° € and freezing
temperatures are common during the winter months.

©2.1.3.1 Zarchonanthus camphoratus savanna (R1)

The xagchonaggngg campng;atug savanna gererally occurs on

deep sande with the presence of a prominent calcrete layer (0

to 150 nm below solil surface). T. camphoratus and Grewia
flava and, to a lesser extent, Rhug ciliafa are the important
woody plants, with Cenchrus ciliaris, Cymbopogon plg;;ggg;g
and _ggmiggig pappophoroides as comnon grasses.

2.1.3.2 Acacia mellifera / Acaclia tortilis savanna (R2)

This community is typically an open shrubland dominated by
Acacia mellifera and Acacia tortilis with a grass layer
dominated by Eragrostis lehmanniana and Cymbopogon
glurinadis, whilst Heteropogon contortus and Aristida sp (of
A. mollissima) ocour in 1ow{gensities.

2.1.3.3 Acacia erioloba / Acacia mellifera savanna {R3)

An Acacia erioloba and Acacia melljifera combination is common
on the Kalahari sands forming an open thicket. Schmidtia
pappophetroides, Aristida congesta and Eragrostis lebmanniana
are dominants in the grass layer. Hermannia sp (ef H.

tomentosa) 15 & common forb, vcecupying vast areas of fha soml
surface.

17 !




P

——

_ 2.1.4;2 Terminalia gexices savanna (K2)

"l“‘ )

fi

2.4 Kruger Nat:ional Dark

4]

The Kruger National Park (227 317 to 25° 3078 ; 30° 45/ to
32°-02'8) is situated in the Eastern Transvaal Lowveld. The
park encompasses a variety of vegetation ‘types (see Greylymg

. and Huntley 1984, Gertenbach 1983) of whlch three were

selected. . _ _ L .

2.1.4.1 Albizia harveyi / Dichrogtachvs cinerea savanna (K1)

This study site is situated to the south east of the Lower .7

Sabie camp (25° 1678 : 31" 557E). The study site is located
on we;l drained Karco sediments underlain by Sabie River
Basrlts with an occasional intrusion of dolerite {Gertenbach

5]

'1983). Raxnfall ranges between 548 mm and 600 mm pa. Average.

daily tempevatures ranga between 33.6° ¢ (February) and 8.9°
¢ (June) (Gertenhach'1983). The wvegetation is dominated by a
rumber of widely spaced trees of §g;groqu&xg birrea, Albiz;g
harvevi, Dichrostachys cinerea and Maytenus genegalensis.
herbaceous layer is dominated by Themeda trigndra and, to a

lasser extent Digitaris erlant
e

e =]

¢

-

The site, is located to the south east of Pretoriuskep (25°
1148 ¢ 31° 18/E) on well drained sands of granite and gneiss
parent material (Gertenbach 1983). This vegetation typé is
dominated by Terminalia sericea and Dichrostachys ginerss in
the woody layer, with Hyparrhenia filipendula, Schizachyrinm

X

«.ganguineum and Diheteroppgon amplectens as the dominant

grasses. The annual rainfall varies between 600 ghd 1000 xnm
with an average of 744 mm pa (GertenLach 1983). Average daily
temperatures range betwsen 32,1° C (March) and 8.8° ¢ (June).

i

is
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2,1.4.3 Conmbretun ggiggli_ / mm:g ,_L_numw 1i savanna
(K3)

Known as the Malelane Mountain Bushveld (Gertenbaphﬁleaa), "
this comminity occours on shallow soils underlain by archain
granite rbock formation of the Swaziland System. The study;
site ovours to the east of Pretoriuskop (25° 128 : 31°
237E). Annua) rainfall varies from 600 to 700 mm (Gertenbach
1983). The veyetation is dominated by Combretum apigulatum,
C. collinum and C. zevheri and, to a lesser extant,
Tarminalia sericea in the woody layer. Dominant grasses aré

, Heteropoyon contortus, Gymbopogon plurinodis and o

Diheteropogon gmplectens.

2.1.5: Timbavati Private Natute Reserve
3

vLod

- fSwo study sites were selected within the Timhavati RaserVe

(24° 2878 &+ 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 National Park, with rainfall
averaging between 550 and 600 mh pa (Gertenbach 1983). Mean
monthly temperatures range between 8.9° € (June) and 33.6° ¢
(Pebruary) (Gertenbach 19831).

13 . ] I

2,1.5.1 Acacia nigrescens savanna (T1)

This site is located on a CGabbro parent material with deep
clayey soil of maiﬂly the quo soil foum (Gertenbach 1983},
The vagetationpms dominated by Acscia nigrescens and the
occasional Grewla flava and & mon;ignlg The grass layer is
denge, dominated by Themeda ;gigng;g and Heterobogon _
contortus. Thé grasses Urochlom mogamb icensi and Digitaria
eriantha are common. -

19
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2.1.5.2 amgg%igglig sericea / Dichrostachvs giggggﬁ/savaqﬁa
" (12 - .

i !t { _, "
Located oﬁ granite and gneiss nuplands with many dolerite
intrusions (Gertenbach 1983). The soils are sandy, dominated

by Hutton and Clovelly, ahd Cartref and Fermwood soil forms. -

The vegatation consists mainly of Sclerocarya birrda,
Terminalia gg;ihga and Dichrostachys cinerea. The harbaceous
layer is dominated by Panicum mx.i_m Eragrostis rigldior
and n_qi.sga_.a exiantha.

L

2.2 DATA COLLECTION S

2.2.1 Plant Data 7N o *

Plants were selected using a plotless sampling method within
each study site. Selection was on an a priori hasis as a
function of their (1) ecologital dominance, (2) distribubion
and {3) autecology. Ecological dominance was defined as those
individuals that constitute a significant proportion of the
plants that occur within the study site, in both density and
biomass. Plant distribution is defined as those plants that
occcur at lower densities but at an equivalent frequency to
the ‘ecologically dominant’ plants. Highly clustered or
locally grouped plants that do not occur throughout the
community were avoided. Finally, plant species that were
viewed as autecologically impertant, eg indicator species,
were included in the study. Within each study site
approximately ten individual plants were se¢lected to
represent sach species. Criteria adhered to whilst selecting
potential plants were as follows:

{a) The selected individual plants were evenly distributed
throughout the study site (within the bounds of the soil
sampling strategy see section 2.2.2 below),

20
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(b)ﬁﬁh& plants were disease free, and

(cy?ynimal disturbance wﬁs absent or negligible.

Sgiéctio% of the §lant traits were according to two prem
réquisites, namely those that; (1) reflect ‘the species
N
évoluizonary adaptation rather than its immediate enmronment‘1
bn higtory and (2) are wasily measured in the field.
AN
- Thare is almost no limit to the number of plant features that

ff could be used/in a structural-functional analysis. any

autacologicai attribute is potentially suitable, whether 1h~)
be moisture requirement, nutrient requirement or light "
-dependence. Some, however, are mora easily observed than
“vﬁtherSu Various attributes of plant structural and func«ional
aspects were selected within broad areas of net carbon (CO,)
exchange and morphology. These attributes, it is believed,
will index the species rathex than the individual.

o

2.2.1.1 °‘Photosynthesis

A portable infrared gas analyzer (IRGA ~ Licor 1600) was used
in gitu, and in conjunction with neutral density filters, to
establish four paraqeters whrhnvwere derived from the
relatxonshlp between irradiance and photosynthesis (quure

2. 21. g

7

For each individual plant studied, the leaves yere ranked
along each branch or within each tuft apcurdinu to age
(undeveloped to mature). Only young, fif&t.af und fully _
expanded leaves. that occurred naturemly in,f s =“ﬂ11g*t were
selected for photosynthetic studies. The lewvék wére placed
into the chamber so as to cover approximately 25% of the
chamber surface area.

To minimize stomatal heat Ibading and closure, dark
respiration and low light intensity photosynthetic ”;
neasurements were recorded until the light intensity B
approached 2500 pE*m~2-s"}, Thereafter fui1 sunlight weaqings
were recorded until ambient temperatures reached 28°C. Datk

L1



reSpiratioéxwhtes were achieved b; placing the. chamber in a
light-tight container, and the lower light intensities by
shading the leaves“for 10 to 15 minutes prior to, and during,
photosynthetic sampling. - =

CPMEX [+ 4 e L/;//)?’ S

Int

0 ¢ _ . 2500 -
Irradiance incident on leaves
(pEym~2+8"1) :
f ¢

Figure 2.2. An example of a photasyn etic irradiance
response curve. Pmax = maximu%pphotosynthetlc rate at
2500 (pB'm~2-g8 1), A = quantup efficiency, Int = gross
dark respiration rate and ¢ light compensation

point. . / |
| :__ 4 - ?

T i —

The Licor 1600 chamber was sealed and the fan and pump {

activated to allow for equilibration. Photosynthetic readings”

were recorded once thé €O, concentrations within the chamber
began to¢ drop. Fresh unused leaf material was used for each
reading. Chamb¢ * sampling times were adjusted according to

the rates of (b, uptake or release (full sunlight * 2 seconds

and low light intensities and dark respiration'up to 10
seconds). Photosyntheatic data were discarded if the initial
chamhgr CO» concentration was greater than, or less than, 4
to 5% of the ambient concentrat.ion



T

mfa photosynthetio data were corrected for slight templ ature -
);fdlffaren es bétween readings by the following equation o

(Campb9119197?).

b,

i ’ 2(Tp + Ajﬁc + A}z (T o+ A); - (1)
P(r) =p . — Ty PR LA
o (Ty + &)

where P(T) = photﬁ%ynthetic rate corrected for temperature,d
P = observed photosynthetic rate,
= the leaf temperature,
Ty == the temperature for maximun photosyntho51a,
. and .
Noas= constant ‘ﬁ3 = 8.4 apd Cq = 27.8).

]

o

The gross leat photosynthesls was estzmated by the non—llnear
modei based on a rectangular hyperbola (see Johnson and
Thornley 1984). o !

¥

= photosynthesis -at which no net increase .of
. photosyrthesis occurs, and :
e intercept (Included so that dark respiration
'~ may be determined directly by the model). S
) | o .

. -
From this model the following woﬁa derived (Figure 2.2),

- maximum photosyhthetic rate at 2500 UE mmzshl (full

sunlight), «

-~ quantum efficiency (mg cozvper UE abﬂorbed),

- light compensation point (light intensity at which COy

uptake equals COy release) and _ v
i
- dark gross respiration rate (mitochondrial xospirﬁtion rate

or CO, efflux at zero light intensity)..

In addition to the photosynthotic data, the leaf : chamber
temperature ratio was calculatdd to form the attribute LTCE.

p i i
- . i

AI*P e (2)
P = T e R - =
A'I+ Py )
; it _ '
where P = gross leaf photqsynthesis, K g .
o Qno-initlal slope of the ¢urve {guantum "
efficiency), LN N
1 = irradiance of photosynthetically qptive :
‘radiation,

o

i
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2.2.1.2 Morphology 7

Scleroghylly and succulence

e
A

Frﬁﬁ)zo to 50 first ané'sébond fully expanded leaves (See
photosynthesis above) were colleuted from ten individuals of -
each species. The 1éavﬁé werg molstened, detached and sealsd
with their petioles or sheaths submerged in watex, cuoled to
approximately 17" ¢ and stored overnight. The leaves were
blotted dry and then weighed. The area was determined using a
planimeter (average of five replicaticns). The leaves were
then dried at 75° ¢ to a constant weight. and then re-weighed.

From this data the following were determined (see Camexrick’ g
and Werger 1981, Cowling and Campbell 1983).
L.

] “

(2) &clerophylly - defined as the leaf dry mass per leaf
bifacial area (g-dm“*)

(b) Succulence ~ defined as the maximal leaf water content
: per bifacial area (g*dm™?2).

" (¢) Leaf turgid : dry waiqht ratio. - _ -

(d} Linear relationships between leaf dry mass and leaf
tvrgid mass, and leaf dry mass and leaf area. -

Bark morphology

Bark thickness (see Knight and Loucks 1968) was determined by
chiseliling a 2x2 cm hole through to sapwood 1.5 m from the
ground. Measurement was limited to the corlk layer of the
trunk. Within each study szite & total of 20 trees for each
spacies were selected and a minimum of three readings .
measured on each.

Grass lamina breaking strength

Bstimates of the tensile properties was recorded for first B!
‘and second fully expanded lamihae of each grags species
: tundied using a tensilmeter described in Martgys and’ Booysen

fo 24
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" the broken edge in cm. The bresking strength of 30

(1968), The breaking force of grass lamina areﬂreported’as
breaking terision (dynes per centimetre) (see Martens and

- Booysen 1968, Theron and Booysen 1968). The test section of

the ldaf was 1¥mited to the middle 2.5 cm of each grass
blade. The breaking tension was caleculated as the breaking
mass x gravitational acceleration (9.82 ms~2) per width of

individuals was recorded for each spescias. <

2.2.1.3 Plant water relations

Four attributes may be derived froem the raiationsﬁip batween
leaf water potential and relative leaf water content, and
transgiratian rate and relativé \Eaf watex content. The
characters are as follows, X

(a) Maximuam transpiration rate,

(by Leaf water poteniial at stomatal closgure,
(e¢) Leaf water potential at wilting, and

(d) Leaf osmotic potential.

Leaf water potential was measured using a wodified filter
papar technigue described in Al Khafaf and Hanks (1974},
Hamblin (1981), and McQueen and Miller (1968). Branches were
cut and grags tufts were excavated and the plant material
placed in shade to dehydrate. First and second fully expanded
leaves were collected, at intervals of 10 to 20 minutes
depending on ambient conditions, and packed into plastic, 20
ml scintillation vials. A strip of Whatman No. 32 filter’

. paper, (10 ¥ 30 mm) of known weight, was curled into the neck
AN:f the vial avoiding contact with the leaf material. The vial
|

'was sealed 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
filter paper and leaf material and the dry weéight of the leaf
material (entire vial dried at 78° € until constant weight)
were determined. A total of 10 to 15 vials were filled for
each species. Bach species consisted of a minimam of eight
individual plants.

25
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\Caloulations of leaf water patential followed the procedure
iven in Campbell. and Ge@ {1986). ;

The relationshlp betwee% leaf transpiration rate and. 1eaf

water potent1a1 was expjesaed in terms of three Q N
characteristic parameﬁars {Figure 2.3) (Cline and Campbell
1978). ryJ Q. _

It II‘ L4
» i
/i
W g { _.

Leaf Watg x}otent1a1“1

‘Figure 2.3. Diagrammatic representation of the relationship
between transpiration rate (T) and the inverse of leaf
water potential . Tm = maximum transpiration rate, 5 =.

stomatal closure and W = wilting point.

Relative leaf water cohtent (RWC) is defined as -

wet weight - dry weight (3)

turgid weight - dry weight

"

(8pe Slavik 1974), Three to five 1eaves were sampled from the

branches or tufts and placed into vials ofrknoén weights and

sealed. The vials were refrigerated at approximately 16° ¢ y
F

‘until weighed (wet weight). The lpaves were dried to a
constant weight at 75° ¢ and re-weighed (dry weight). ?urqid;/

o
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weights were calculated from the standard curves derived in
section 2.2.12 above.

The relationship between leaf water potential and relative
leaf water content (Slavik 1974, Tyree and Hammel 1872)
desicribes the pressure vnluhe'curve"(Figuré 2.3), from which
leaf osmotic potential may be determined.

el

3 . . -_"
"y r .. RWC o

p w0
..s,;

Figure 2.3. Diagramma*iu representation of the relationship .
between leaf wafer potential (IWP) and relative water

. content (RWC). By solving for the intersection between Ly

the onrves a and b, the osmotic potential (O) way be Lo

qptermiped. :

4.2.2 Soil Data

A single profile was"éxcavated to bed rock or to a depth of ¢£
1.5 m. The profile was described (FSSA 1980) and classified .”.
(MacVicar et al 1977). A total of 17 (5-surface, 6 A andj6 B -
horizon) soil samples yere collected in a 50 mm x 300 mn

stainless steel tube.

-

Bulk density was calculatsd from the mass per volume of the
surfave cores. The cores were then sieved {2 mm mesh) and

o
, N
. ; ke



dried to a constant temperature at 75 ¢. The stofie fraction
was determined as the mass (g stones/g zoil) of the inotrganic
particles greater than 2 mm. For each site the soil samples
were bulked to répresent an average A (3 to 6 A horizon + 5
surface samples) and: B (3 to 6 B horizon samples) horizon
samples.

X@Ba %ampﬁes were analyzed for, i\

AP

: |t o

- Total nitrogent (a hoﬁhzon only) using the digestion
method (Dotich and Nelson 1983) and ammoniuwn nitrogen
methods (Keeny 1982}, n y

~ oOrganic carbonl (A horizon only) (Nelson and Scumers
~ 1975), .

- Resin extractable phosphorusl (Murphy and Riley 1962,
-+ Bibbesen 1977, 1978),

Y ‘
-~ Major cdtions (Adamson and Irlgram 1887),
- PH and. extractable aclid (Adamaon and Ingram 1987}, and .

- Texture using the particle size method (Black 1965} .

o

Potential hiomass production® was determiped by seeding the
soll samples with Panigum maximum and harvesting the biomassz
produced ak régular intervals. Biomass assays derived from
site M1 were water stressed throughout the experiment and
thus were excluded from the analyses.,

Saturated. hydraulic conductivityl (Kzat) (Amoozegay ané 3
warrick 1986) of the surface soil was determined in sity at
‘each soil sampling point. -

Soil data (exrluding potential biomass ﬁfoduvtion data) was
- sent to five experts in the field and a padolcglst to rank
" the soils from least to most fertile, !

r

Number of grra»b days available for plant growth (Growth
daysl) was debkermined u31ng 4 water balance model (SGholes

o

1 Plcokett (In preap).
2 From Feuchtenbeiner - Walsh (1590).
1 Picket (In prep).
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unpublished data) which estimates plant available mo1sture
derived Ffrom rainfall seyuences (simulated 100 year ralnfall
sequencesg - 29cch1n1 and Adamson 1984; and potential
evaporation on a daily basis (Lineacre 1977}.

L]

2.3 bata analysis

2.3.1 Season

An instantaneous. measurement of the ecophysiologﬂca; of a
plant attributes (useé.ln this study) assumes that the
attributes do not vary with time. Data was collected from the
‘Mkuze study sites (ML, M2 and ¥4) at the beginning and again
at the end of the growing season., Direct gradient analysis
© wag used to highlight the variation of the individual
attributes over this period. statistical analysis war'lxmlted “
to a comparison of meang (SAS 1982).

2,3u3f%5%}ribute_range |

The dominant growkth forms in savannas are the woody piants } S
and the grasses. The two components differ not only in the '
position of their perennating organ as in Raunhiaer’s (1434)

life form classification, but also in the entire complex of
genetically-determined phenological, morphological and
;rvuuoductive characteristics, suggesting a Sound ecological
distinction between the two groups. Physiological

differeﬁdas; for at least savanna plants in situ, batween

woody and gyass elements remain uncompared. The preéesent study
provides the opportunity to compare both physiological and
morphbmetric processes between the two coﬁponents.

A comparison of neans test (SAS 1982) was used to determine
whether the woody and grass division is a valid funrtional

- 29
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distinction at a physiological lavel. Forbs were excluded
from the comparison due to tq@ir linited numbers.

i
i

2.3.3 Environmental data analysis

&

The environmental data way be divided into chemical and
physical data, and supplementary data (potential blomass
N production lndax, nunber of growth days ard ecologlstsi and
pedologist’s rankings) The aim of col;actlon and analysis of
environtental data was two fold. I

-1
Ty

a) Determine a fertility index forféach_site drawing on the |
soil ‘chemical analyses, potenfial biomass production L S
iidex and ecologist’s rankings. i

- y i
Soil data (both physicel and chemical) were ordinated
 using a principal component analysis (Fatti pers. com.%).
. A similar, but passive analysis (see Ter Braak 1988), of

the supp1ementary data was, overlald onto the soil

chemical . physical ordination. The overlay creates the
opportunity to infer a fertility index from the potential
blumass production data, ecologists? and managars’

axpetience, and aspacts of the soil physical and chemical

data,

]
oy

‘The PeA ordination Wlll 1nﬂicate whether the remaining
elements of the supplementary data set have cempounding
effects on inferences from eithér index.

b) Rank the sitas aldng a plant avalilable moigture and
./ available mutrient ¢ndex within a biplot of these two
{indices.

4 Professor P Fatti Departmrnt of Statistlﬂs, Univera:ty nf '
theoWitwatersrand, J?ﬁannesb

k]
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2.3.4 Direct graﬂienﬁ’analysis o _‘ ) ﬂ

o a

The attributes were plotted againast indices of plant
available moisture and nutrients to determine whether the
attributes vary predictably along these gradients.

2.3.5 Inter-species comparisons

Species attributes were ordinated using a principal component
analysis (Ter Braak 1988) to determine inter-attribute
correlations (Fatti pers. com.?) for woody, grass and'forb
elements. Information pertaining to both functional groups of
gpecies and their strutegies may be obtained from the two
ordinations. " '

©  2.3.6 Inter~site comparisons
L {I .‘\-:

The investment of carbon into plant biomass draws heavily on
both available nutrient and water pools (Chapin et al 1987,
Lambers et al, 1983, Lauenroth et al 1978, McDermitt and
Loomis 1981). The study sites'here salected primarily on the
\baSLS of ra{pfall and soil fertility, and these gradients may
be indirectly expressed withtn the plant or community
biomass. To determine variation within the plant attrlbutes
on a study site basis, the attribute must be expressednas a
function of the total biomass of each study site.

Total site biomase was divided into both the woody and grass
gomponents deriving inter-woody-site and inter-grass-site
comparisons rewpectively The forb component was excluded
from this analysig as the forb dersi vies were signlficantly
lower than either the woody of grass components. Biomass
estimates, for both woody and grass species, were defined as
the product between the average basal area (m?+ha™*) and the

4 Professor P ratti Department of Statistics, University of
the Witwatersrand, Johannesburg.

M
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i
average heightl. Por each study site, the biomass of each
species was expressed as a fraction of the total woedy or
grass component biomass. The species with highest relative

biomass estimate was assigned a rank of 1.00 and the - 3

rémaining“épecies ranks’ calculated proportionally. Each | .
attribute was then muitiplied through by the proportional L
biomass rank estimate. The attribute data were ordinated

using a detrended correspondence analysis (Fatti pers.

com,*}. By using this method it is believed that functional
differences between sites that experience diffgrent moisture

and nutrient constraints can be obtained.

n ot “i_...-- = )
: a2 . - ({ '

N

)

1 Pickett [In prap}. i )
4 Professor P Fattl, Department of Statistics University of
the Witwat-rsrand, Johannesburg.
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. 3.0 RESULTS

3.1 EXCLUSIONS B
Tt was neceasary to exclude a number of measurements from
the study prior to analysis. These were {a) the water
relations section and (b) photosynthetic ratss of the

woody component st the. first site at Timbavati Game

 Reserve, and {c) the leaf consistence of the grass

compcnent at the second study .ite at Timbavati Came
Reserve. Justifivation for the exclusions is given below.

A pilot sfudy on the filter paper tecpniqﬁe for the

estimation of leaf water potential suggested an. .
equilibfﬁfioh period of four days for Rhug lonagifolia and
five to ‘teven days for ZTerminalia sericea. Fear of
insufficient equilibration time arose and it wag
suggested that the eguilibration period be extendjé
between 25 and 30 days. N dy/

A 25 to 30 day equilibration period led to the leaf
naterial degrading and, in many instances, large amounts
of mould was present within the’ equ;llbration vials. Both
cellular degradation and fungal growth would have
released bound water, incresnsing the water potential
estimate fo a nonsensical leve.. Wnllowing}ﬁhis reasoning
together with spurious results, the water relations

section of this etudy was omitted from analyses.

Information was, however, retained as the potential of .
the technigue in determining plant water potentlal is yet
to be realized.

Bach sampling period, except that at Timbavati, was
preceded by substantial rain allowing plants ‘to xnach
complete or near complete turgidity. The Timbav:£i Nature
Reserve, however, experienced an eaxly winter drought,
particularly in the A. nigrescens savanna (Tij. To
counter the lower soll water potentials, individual

4]
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plants of each specias were selepted and watered (100-300
1 / day) for[EhreefdaYs prior to sampling. Despite the
watering, it was believed that the vater gtatus of the
woody component was not eguivalent to that of the other
study sites and the photosynthetic studies were therefore
4 sacrificed. On returning to the second site for the
collection of herbaceous leaf material it was, digcovered ™
that the watered gihss tufts had senesded beyond
recuvfiy.

a 7 { . !

3.2 P%&ﬂT AETRIBUTE RANGES

o This Eégtion compares the variation of irdividua; Bites
withip the South African savanna to variation oF the
bio: {see OBJECTIVES I abovea)}. y

Fo# the woody layer, thﬁ attribute range of at least one
s;te approaches pr eguals that of the total savanma.
ﬂ%tributes variation {Figure 3. 1). similarly with the

/grass layer (Fmgure 3.2}, attr;hu%e ranges ‘'of a number of

" site’s approach that of the total range. This is \ :
particularly prevalenﬁ for sites N2 (gquantum efficiency i
and light compensation point), N3 (dark respiration) and
M3 (leaf temperature': anbient temparature ratio and.
sclerophylly) for the woody component, and sites Mi
(quantum efficiency), and N2 (succulence and leaf
turgid:dry weight ratio) for the grass component.

it

D)

For both the woody and grass coamponents, the data that
constitutes a site is highly variable. This can be
recognized by the standard deviations ahout the means, in
many cases, lying beyond the minimum and maximum peoints.
The most striking feature of the attribute ranges, {s
that the minimum, maximum and standard deviation are, in
many cages, unique for each site (aee alsa DirecL

| N l.-_j.___ rt
Gradient Analysis below). .._i. i B

Comparisons between woody, grass and forb compunﬁnts’arﬁ W L
given in Figure 3.3. Despite the high degree of’ avarlap ; %
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Figure 3.1 CQmparlson of thé’lndivigual SltESﬁtO the total
variation of the entire savanna woody component. The
axes are given as plant attributas (Y axis, Bee helow)
versus study sites (x axis).
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The diagreamg are ngan a&; (a) Maximum phot aynt etic - v
rate (mg €O, m~2 s~1), (b) Quantum efflciqﬁaykx 03 S
gnE g CO 1), {c) Gross dark resplratldﬁ (g c}

-3, (5) Light compensation point x 1 “2 (ug. ma2 3

1), (e) Sclerophylly (g-dm” 2y, (£) Suctulence (g.dm™%2),

fg})Turgid dry weight ratio, and (h) Bark thiakness
mm ;
T : £
Tot = Total variation for all smtes. gite addresses are

.given in ABBREVIATIONS, and points are given as
“maximum, minimum and gtandard deviations about the mean

(x).
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' Figure 3.2 Comparison of the individual sites to the total

variation of the entire savanna grass'numpoﬁent. ‘The
lant attributes (Y ax:s, saa balow)
versuz study siteé (X axis).

axes are glven as

The diagrams. are glven as; (a) Maximum photosynthetic .
1), (b) Quantum efficiency x 103

rate (mg CO m =2

£pE ng CO4

1), {(e) Selerophylly (g- &m™

" Tot =

(x)

l)'

Total variation for all slfe
glven in ABBREVIATIQNs,_and peints dre given as _
maxlmum, miniman and standard deviations - abput the mean

L

),&(c) Gross -dark respiration_(mg COye -
' (d) Light compensatlon point x 1072 (pE.m™2 s

2y, {£) succulence {(g.dm” 2}, -
(g) Turgid !¢ dry Welght ratlo, and (h)} Lamina breaklng
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Figure 3 3. Ranjjes, means and standard devigtions given for

waody, ~«avass and forb layers, p<0.001 suggests a highly
significant difference botween woody and grass layers.
The axes are given as plant attributes (Y axis) see
halow) versuzs study sites (X axis). .

The diagrams are given as {a) Maximm photasynthetic
rate {mg CC, m~% 51}, (b) Quantum efficiency x 103
£uE -mg CO, “1), (r) Gross dark respiration £m§ COy m”

-s-1), {4) Light compensation point (uE-m~2-s1)> (e)
Leaf temperature : chamher (ambient) temperature ratia,
(£) Sclerophylly (g-dm“?), (g) Succulence (g.dm™2), and
{B) Turgid : dry weight ratio.
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between the woody and grass maximum photosynthetic, rates,

~the difference ih mean values were,marqinally

significant. No significant differences in quantum

efficiency, dark respiration, light compensation point _
and leaf:chamber temperature ratio were detectad between .
the two plant types.. i o " .
An anmple of the derived and observed_photosynthetiél

_curves and ‘equations for both a grass and a woody

species, are given in Appendix A. 4

A sighificant difference exists between the attributes of
lea¥f consistence for woody plants and grasses (Figure
3.3.). '

3.3 SEASON

This section determlnes the constancy of ?cophyslologlcal
traits, as functional characters, over th& span of a
single growing season (see OBJECTIVES II above). o Ty

Bark thickness was the only plant attribute to remain
unchanged over the season for all the woody plants
studied. Large differences do ocour between the beginning
and end of a Yrowing seasdn in many of the remaining
plant traits stoudiéd. Serving merely as examples, the
differences in lamina breaking strength of selected grass
species are presented in Figure 3.4. The remaining i
breaking strengths are presented, together with the other
traits, in Appendix B. It must be noted that seasonal
differences in leaf photusynthesis cannot be measured
with any statistical significance, given the 11m1tation$
¢f the non-linear algorithm used. Large differences '
between the two sampling periods have, however, been
highlighted.

re
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Figure,3.4. The change in Lanina. breaking strerngth of

-grass species, Bothrioohloa insculpta (B),
g;hegegopgq_g amplectens (D), Eragrostis
B} and Themeda tydandra (T}, betwean the
and end of a growiny season for sites Mi -{

uperba
ginning
) and M4

{b). Statisticel ﬂlfferences are given as p values.
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Thesaﬁﬂiffafencesgin the plant attributes (other than

bark thickness) were not consistent with eitheQ\SpecieB .
or attribute. This ohservation effectively groups the
attributes used in this study into a category which
requires a seasonal congofient, for ‘them to have an
application’ én a functional clasgification (see

OBJECTIVES II above). Tha signlflcanca of this

observation is discussed in greater detall in sectmons
4.1.8 and 4.4 below. - .

|

oo

3.4 BSOIL ANALYSIS . S

3 pr;ncipal _component analysis was used to enabla
cortelations batween the soil variables to be detected.
An abridged interpretation of the PCA ordination biplot
is as follows (consult Jongman et al les7, mer Brask 1988
- for datailed explanations): ’

The intersectlen of the ar~s (. -} represents the

sample mean or rodal point. The arrows represent the N
appraximate direction of the maximum variation of the ﬂ
variabie, whereas the length of the arrow equals the rate”
“of change in that direction. The anqle between respective
arrowsé proV1des an estlmata of correlation. Arrows that
point in the sane directxon ifdicate pusitively

corraldted variables, perpendicular arrews indicate a

lack of corréﬁation-and arrqws pointing in opposite
directions indicate negatively correlated variables. The
principal components (axes):may be quantified by dropping
a perpendicular from each variable to the respective

axes, The proportional contribution of the variablés to
each principal mompdhent is the length of the segment

from the nodal point to, the intersection of the:
perpendicular with the axis.

The £icst principal component of the soil analysis
(¥igure 3.5} comprised entirely of physic&}iand chemical



variables. The position of the chemical variables in the
ordination space suggests that a plant available nutrient
g I . frJ . [
’ . -'J ! . ! \I?J : : ' S
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Figure 3.5, Biplot based on a principal component °
, analysis of soxl (A horizon) variables corrected’
" for ‘stone fraction. Eigenvalues are 0.763, 0.411,
: U.127 and 0.059 for the first four axes. S
aAbbvreviations arg presented in ABBREVIATIONS above, NS
f . :
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index would possibly 1ie to the right of the origin. The

position of this index may lie on, or to either side of
" the first axis. This in turn suggest that study ‘sites M1,
M2, K1 and 71 should be considered as nutrient rich sites

and N1, N2 and M4 as nutrient ‘poor.
. o ) _
A passive ordination of the soil f{ Ytility rankings of

the egologists and potential bipmags production estimate
for esach.site (Figure 3.6), supbuﬁ@s the hypothetical
positioning-of a nutrient irdex within the ordination
space discussed above, '

100] 1 ' T 1 J

AXIS 2

<100, L ; i N
-180 AIS 1 220

Figure 3.6. Passive principal womponents analysis (basad-
on Figure 3.5) of intuitive ‘fertility’ ratings 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 0.023 for the first four axes.

- 8oll nitrogen concentration was favoured by the
ecolodists when scoring the study sites for fertility.
'wo of the five ecologiets favoured an ammonium nitrogen
/ maghesium / calcium combinstion, whereas the remaining
three ecologists consider total nitrogen, potassium and

- 42 7,
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phosphsrus as important indicators of soil fertility. The
pedologist, however, indicated a greater importance of
sandy soils in the facilitation of plant growtk, and
hence ignored the role of fine fractiols in the nutrient
status of the soil. This fertility estihate was thus

excluded from further lnvestlgations. v

The potential bzamass production assay wi&hln the passive
ordination (Figure 3.6) indicated “that the relative
fertility of the study sites ls synonymous with the first
principal co’ponent {cf Figure 3.5). Despita the
limitations jof the biomass production assay (see section
4.1.6.3 helYow), the agreement between this parameter and

the ecclogists’ ranks and chemical and physical data e

resulted An the potential production assay being uSed as
an indlq tor of plant available nutrients.

The sacon principal comporient of the environmentgl
variable erdination (Figure 3.5) was composed, to a large
degrea, of s0il moisture (GDAYS). The soll physical and
chemical variables, however, do play an important role in
the derivation of this axis. Thisﬁsuggasts that plant
available meisture and available nuﬂfient indices are not
independent., This assumptlon was made at the onset of
this project (see Figume 1.1). The iack of independence’
may be attributed to: it

a. ‘the number of growth days being caloulated as a
function of both average aprmeal rainfall and soil
texture. The latter, particularly the fine fraations, /3
had a strong positive correlation (see Figure 3. 5) )
with the mineral nutrients, and

b. possible nutrient_availahility and leaching. an
increased rainfall, particularly on sandy solls,
would increase the availabllity of soil nutrients. An
increased rainfall, however, increases leaching as
can be seen from the high correlation between GDAYS
and extractable acid (ACID) (Figure 3.5).

The manxpulatinn oﬁ the environmental data enabled the
study sites to be divided into three categories (Table
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3.1)[ low/ intermediate and high, for both indices of
plant avyilables moisture (GDAYS) and nutrients (BIPMASS).

An extehded table of soil varisbles and number of growth
days for each'site is presented in Appenfiix ¢. /)"
| | Y |
DIRECT GRADIENT ANALYSIS ' | ;

o ’ ; il f .
118 gection determines whether ecophysiological ‘traits
o vary predictably #with a change in either availabls
noiskure or nutrients, or both (sec OBJECTIVES IIT
akove) ., !

¢

A

Table 3.1. The division of the study siies into three

' {high, medium and low) categoyxies (see Cate and
Nelson 1971) for both available growth days (w
Moisture gradient) and biomasy ﬁvaduction estimate
(» Nutrient gradient) .

5 |
{ Nutrient . ture o
M1 - K2 | .
K1 . 4 - HIGH
71 My L)
M3 - N2 o
R1 Py,
R2 N T2
N3 . N1 .
R3 . M2 INTERMEDIATE
X2 - N3
T2 K1
X3 M1
M4 R3 .
N1 . Rl LOW
N2 R2

No marked trends werg noted in plots between bitheit the
traits of the woody or the grass plants, and the/ciimatic
and edaphic variables. Plots of attribute versus
available growth days (moisture gradient), and attribute

44 g
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;- versus potential. biomass production index (nutrlent
gradient)(fera retalne? in Appendlx D for reference

purposes. 3\ . o
B . N Ty W :
| AN | \ 4

3.6 INTER-SPECIES ANALYSIS “ o P

©

‘The aim of this section is to deterwining functional -~ |
similarities or differences between plants or species
vccurring at different points on the molsture or nutrienu

:

plain (See OBJECTIVES IV .above). ﬁ

3.6.1 Woody L i

i
Hn

. N

- A strong ﬁgzltive ‘corralation (Figure 3.7) exists between
maximum photosynthetie rate (PMAX) and gross sdark
reSpiration {DR}. Posf%ive correlations also exist
between ﬁclerophylly (SCL), succulence (SUC), light
compengation point (CP) and bark thickness (BARK); and
quantyn efficiency (QE) and leaf:ambient temperature
ratio (LTCT). Leaf turgid:dry weight rat%o (RAT) was

}anegatively correlated with QE, 1YCT, DR Qnd PMAX.

' The majority of the woody species are distinguished by
the second principal co-ordinate. This axis is

essentially composed of DRj PMAX and LTCT and to a lesser |

extent the remaining attributes. The distribution of
Acacia ni}qh__g (see Figure 3.8) within the ordination,
however, foilows the first principal co-ordinate. This
axis is defined by mainly 3UC, 8CL, CP, QB and BARK
(Figure 3.7 a). ‘The spatial variation of these attributes
within the species’ ordination space cannot be linked to
either soll moisture or nutrient gradients.
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for the woody layer (a) and the species (b).
Maltiple occurrences species of the sama‘-generic
and specific names represent different diudy sites.
Eigenvalues are 0.593, 0.423%, 0.196 and 0.033-For

the first four axes. Abbreviations are preaei...bd in

ABBREVIATIONS above.
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Figure 3.9, sttributiun outlines (from Figure 3.7) of
common species (Acacia nilotica AN, Acacia fortilis
AT, Combretum apiculatum CA, Grewia flava GF and
Terminalia gepricea T8) are indicated. The positions
of Acacia melllfera (#*) and Meytenus sene al,mg;s.
(8), gither side of an infeired division ()
between microphylls, and nanophylls and mesophylls,
are given.

a

The distribution of the woody spéeies within an attribute
ordination, however, indicates the presence of groups of
species deSpite a prominent nodal tendency towards the

nribin of the ordination. An outline of the distribution

of the common species (Figure 3.8, ¢f Figure 3.7)

indicates a possible presence of functiomal ranges in

which these species occur. The functichal ranges may I
overlap, although this is not shown. : J

A division exists (see Figure 3.8) between the
microphyllons species (Acacia, Albizia and
Dichrostachys), and the nanophyllous and nesophyllous
speciss. This suggests that this division may have a
fusctional significanve. The occurrence of A. nellifera

47 -



(a microphyllous species) well within the mesophyllous
leafed division, and MY ggnggal_nﬁiﬂ (a nanophylious
spacies) within the mioraphyllous leafed division, are
interesting exceptions, The low number of individuals of
these two species studied, however, prevents further
investigation of the functional smngficance of this
deviatzon. :

3.6,2 Grass.

strwng pasitive cnrrelations exlst betwaen grass SCL and
c?,'and PMAX, DR:and lamina break:ng strength (BREAK)
(Fiqure 3.9). A weaker correlation exists hetween RAT and
SUC;

Despite the central tendency of the grass component,
suggesting a high degree of similarity between the
species, the majority of the grass species occur along
the first principal co-ordinate. This axie comprises
wainly SCL, BREAK, CP and PMAX and LTCT and QE (Figure
3.9 aj. Variation of Riheteropogon amplectens {(bampl),
particularly individuals of this species sampled at
Nylsvley {N3), is along the second axis which is defined
by SUC and RAT. This species at Nylsviey was noted for
flestly leaves (personal observation). The remailning
attributes were not, howevef, markedly different from a
same ©pesies sanpled at other study sites, namely; K2, K3

"and‘M4 (see Figure 3.9a).

3.6.3 Forb

Stréng positive correlations exist batween"PMAx;-QE,'ﬁR
and SCL (Figure 3.10). Unlike the woody and grass
compohents, forb leaf:chamber temperature ratio (LTCT)
was negatively correlated with quantul efficiency (OQR).
The present study sampled relatively fewer forbs than
either woody or grass species. The'forbs, by definition,

5 = 48
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Figure 3.9. Principal component analysis of attributes
(a) and the grass specles. (b). The origin of the
axes have been expanded so that each specias

- gtudied may be examined. Mult::.ple ocnurrences of
species of the sanme gener:l.a and specific names -
reprasent those species at different sbudy sites.

Eigenvalues are 0.678; *0.398, 0.105 and 0.021 for )
the first four axes. Abbreviations ara ﬁresented in
ABBREVIATIONS above. f “
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axtés, @ diverse co%yination of woody, succulent and weedy
plait types. The categqrizatlnn of these species intb a
slingle group may, therefore, be misleadlng The data wasg,

'however, retained foxr both interest and rpférence _ v

_ purpoaes and will not be discussed or referenced in tha
discussion section below. '

7

3.7 XNTER-SITE ORDINATIONS

o

'This'saction evaluates functibnal differéﬁaaé’bétween : v

plant communities which otcur under different plant’
. mwvailable moisture and nutrient constrainis (see
OBJECTIVES 'V above).

e

“

3 7.1 Maximum photosynthetic rates | “n

it

4

A prevalent outlier, in the form of a Combretum

apiculatum dominated vegetatioy type (K3, N2 and M4) , s
evident within an ordination of the maximum _

photosynthetic rates of the woody component, when -. v
expressed as a function of a ranked biomass index (Figure
3.11), These study sites are considered to be moist and
of low nutrient status (see Takle 3.1). A grouping of
Acacia dominatéa“sites (M1, nz,'ns dnd T1) occurs within
the top left quadrant of the ordination. Terminalia (X2
and NL1) dominated communities occur within the bhottom.
left quadrant, which are clnsely associated with the dry -
sites (R1, R2 and R3). f

Thip distribytion of the sitas doas not indicate the . )
Presence of either a nutrient or moisture gradient (cf \,w’
. Table 3.1}, even with the exclusion Combretum dominated

sites from the ordination procedure.
Y

The first ordination axis gdr the maximum photosynthetic
rates of the grass layer (Figure_s.iﬁ), nay be viawed as
a moisture gradient between the dry sites (R1, R2 and R3).
and the moist sites (K2, K3, M4 and M3) with the -~

] _ 5L
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Figure 3.11.°A detrended correspondence. analysis of the
-maximum photpeynthetic rake for the woody layer
expressed as a function of the study sites’ total
plant biomass. Elgenvalues for the four axis are
0.559, 0.321, 0.18% and 0.011. Abbreviations are
presented in ABBREVIATIONS above.
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Figure 3.12. Detrendad correspondence ordipnation of grass 4
©  maxiwum photosynthetic rates expressed as a = 8
function of the total biomass_ of each study sita.
all sites are represented in {a) and the o utliers
(K2, X3, RlL, R2 and R3) excluded in (b). .
Eigenvalues For the four axes are givén as 0.531, Y
i 0.214, 0.102 and 0.015, &and 0.55%4, 0.3%8, 0.132 and
g 0.020 for (a) and (bh) respectively. Abbreviationa
are presented in ABBREVIATIONS above. 5 -
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 intermediate moisture.sites (M2, N3 and T2} between the-

two (cf Table 3. 1).

_The exciesion of the outllgrs (K2, K3, R, R2 and R3)

'3,?.2; Quantum efficiency

reveals a possible nutrlentdgradient with the exception

.of M4, along the second axis (Figure 3.12b) between

nutrient poor sites (Nl and N2) and nutrient rich sites
(Kl, Hﬁ, M3, and L. ~

< “ E
u
q - n
A . - ‘\_
e W
"

The second axis of the quantum efficiency of the woody
componant (Figure 3.13) may represent a moistire gradient

_ﬂonsisting of moist sites (K3, M4 and N2) and the dry

sites (R1, Rzland R3) {¢f Table 3.1), Although the

- Combretum dominated site (K2 was estimated to be the

- 3.7.3 Gross dark respiration

wettest aite, it is believéd that factors other than .
plant available moisture or nutrients (eg soil depth),
play a important role in grouping this site together with

khe Burkea / lemLJuzL;a (N1) and Albizia (Kl) doninated
sites.

brdination of quantum efficiend& of the grass layer
(Figure 3.14)-indicates the presence of a moisture
gradient as the first axis between the dxry sites (Rl and
R3, and R2) and the moist sites (K2, K3, N2 ard M4). A
weak (justified by & few of the sites) nutrient axis was
detected in the ‘second ordination axis when 51tes K2, K3
and R2 were excluded.

.\‘\}

0 X
3 g "
As with guantum efficiency of tﬁe woody layer, four main

clusters arise from the ordination of dark respiration
(Figure 3.15). The first consists of the dry sites (R1,
R2, and R3). The second, the mo&st sites (K3, M4 and N2).
The third, the intermediate moipture sites (K1, NL and

. T
#
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!'wl} excluding %2 which is considered to be a moisuﬁ_ te,

o

L
Lt

and the fourth, the Acacia communities (M1, M2, N3 jand

- N3).

Despite the clear assoclation of sites according to

moisture,’moisture (or nutrient) gradients were not
extracted as principal %fes. |

An @rdinatlon of the grass dark respiration indicates a
possible mnisfure gradient along the first ordination
axis (Flgure 3.16) extending from the dry sites (R1, R2
and R3) to the moist sites (K1, K3, M4, M3 and N2) (of
Table 3.1).°The presence of a nutrient gradient was not
evident w;*hln the ordlnatlon spacn.

.
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ﬁ
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© 200

AXIS 2 b+ -

-200 |y

«200

O MIS1

200

-, . i
Figu&eﬂa 13. Datrended correspondence ordination of
guantum efficiency for the woody component
expressed as a function of the total biomass of

each study site. Eigenvialues for the four axes are .

0.564, 0.258, 0.159 and 0.014. Abbreviations are

presented in ABBREVIATIONS abova,
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Figure 3.14. Detrended correspondence ordination of grass
gquantum 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. Detfended 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 presernted in

ABBREVIATIONS above.
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. Figure 3.16. Detrended correspondénce ordination of g?%ss

dark respiration of the grass layer expressed asc a
function of the total bibmass of each study site.
Eigenvalues for the four axes are U.547, 0. 387,
0.209 and 0,158, AbbreV1?t10ns are presented in
ABBREVIATIONS ahave. L
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[

4 ' ;
3,7.4 Light compensation poinﬁ
. I

Neither moisture nor nutirient fgadi&nts were detected in
an oxdination of the light compensation point for the
woody component (Figure 3. 174), The clusters of specific
sitps, mentioned above, were evident. ” -

Ir

The exclusion of the Combretumn ‘abminated sites (K3, M,
and N2) (Figure 3.17 b) reveals$ 4 microphyll :”nanophyll
split along the first axis, with the exception of Rl. The
position of R} in the ordination diadgram leads to
speculation or the presence of other compounding
environmental facrvors, {eg the:calcretéulayer) and their
influence on plant function. ‘

ordination of the light compenmsation points of the grass
layer (Figure 3.18) indicates the presence of a moisture
gradient along the first axls. This forms a continuum
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‘from the ary sjtes (R&, R2 and R3) to the noist siteé
(K2, X3, M3, B4 and N2) (cf ?able 3.1) with the

s
R

intermediate sxtes (M2, H“yand Tz) between the two. The

=3

i

[+]

[0

o

) 'B.f.s 'Leafzchanber_tenperature ratio
_ . _ [e] :

e

t]

-pregence of a nutrlengwgradiept was rot evident within
the ordination space.

mn

i

0

- | i
ordination of the leaf:chamber temperature ratio for the
: woody component indiéates a distinct grouping of the dry
ﬁ sites, (R1, R2 and R3) (cf Table 3.1) on the first axis

(Figure 3.19) away from the noist sitaa. This may squest

-~ a moisture gradient along the firsﬁ axis, A moisture
gradient-is not revealed onde the dry sites have been

excluded from %the ordination procedure. in spitﬁ of %the

absence of 'a nutwient or moisture gradient, the grouping

of sites of similar species, ie tha Conmbretum sites (K3,

| f.f M4 é;i\nz),

o

closest, and the Acacis ddminated. sites {Ka M4 and N2J,
may suggest an inherent fnnctxonal basis tu*the preaent
floristic classlflcations.

The first axis of the ordination of leafachambar

]

o

‘temperature ratio for the grass component (Figure 3.20)

ihdicates a possible moisture gradient between the dry
sites {R1, R2 and R3) and the moist sites (K2, K3, M4, M3
The presence of a nutrient {radlent was not
evident within the ordination space. g

and N2}.
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Figure 3,17.'ﬂetrended correspondence ordination of light
conpensation point for the woody layer, expressed
as a function of the total biomass of each study
site. Ordination (a) includes all sites, whereas, « -
ordination (b) excludeg the Combretum sites (K3, M4 A
and N2}. Bigenvalues for the four axes are 0.557, . -
0,224, 9,152 and 0.092, and 0.624, 0.498, 0.153 and
0.063 for (a) and (b) respectively. Abbreviations
ar'\i _presented in masémymawxous above. :
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Figure 3.18. Detrended correspdnuﬁnpe ordination of light
compensation point of the grass layer expressed as
a function of the total biomass of each study site.
Bigenvalues for the four axes are 0.635, 0.486,
0.198 =nd 0.048. Abbreviations are presented in
ABBREVIATIONS above. _
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Figure 3.19. Detrended corraspondence ordination of
- leaf:chamber temperature ratio for the woody
component expressed as a function of the total
biomass of each study site. BEigenvalueg for the
four axes are 0.5%8, 0.354, 0.129 ant, 0.023.
Abbreviatigns are presented in ABBREVIATIONS above.
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~ 3.7.6 Sclerophylly

O‘. |
The ordlnatlon of sclerophylly for the woody component
(Fignre 3.2la) indicates fhat X1 is very different from
the other study sites. W(Lh or without the‘exc1u31on of
the Albizia tachys dominated aite (X1}, neither
a nutrient npr a mnisture gradient, was detected. The R
Acacia dominated dey sites (R2 and R3) were groupad with
the other Acacia dominated sites (M1, ¥2, M3, N3 and Tl).
This observation is considered unique when comparing this
ordination to ordinations of woody traits discussed '
apove.,

“fhe exclusion of K1 (Fiéu}e 3.2ib) from the ordination
procedure, emphasizes groups of sites of similar leaf
morphologies within the woody layex. The lower left hand
sector of the ordination (Figure 3. 21b) reveals a group
of sites dominated by microphyllous plants, whereas the
top left hand sector reflects sites dominated by
nanophyllouSHWOady plants. The right hand side of the
ordination dlagram reveals a ciuster of sites dominated _
by mesophyllous plants. The presence of a nutrient
gradient waf not evident within the ordination space.
The £irst aﬁ‘ of the ordination of sclerophylly for the
grass layer gﬁiqure 3,22) represents a strong moisture
gradient between the dry sites (R1, R2 and R3) and the 4
noist sites (K2, X3 M3, M4 and N2). The presence of a
soll nutrient gradient was fot evident.

3.7.7 SBucculence i

The ordination of succulence for both the woody and grass
components was distinctly similar to that of sclerophylly
(Figure 3.21, Figure 3.22) in both pattern and magnitude
of EBigenvalues for the four ordibation axes, . |
Interpretation of succulence will thus be similar to that
of sclarophylly.
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Fi@ﬁra 3. 21.'DatreﬁdadICOrresPondeqﬁe ordination of
sclerophylly for the woody la expressed as a-

funiction of the total biomass b., each study‘site.

Ordination (d) includes all sites, whereas,
ordination (b) excludes site K1. Eigenvalues for
the four axes are 0.586, 0.384, 0,131 and 0.013,
and 0.523, 0.218, 0.109 and 0.015, Abbreviations
are presented in ABBREVIATIONS abova,
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3.7.8 Turgid dry we1qht,ratio

o ) s .6

The interpretation of the leal’ turgid dry weight ratio

,ordination (Figure 3.23) for the woody cqmponent is 0

silitder to that of sclerophylly, and succulence. An
 interesting difference is the separatiﬁn of the Agagia
nigreséans ﬂominated sites (Tl and M1) from the otheg
Agggig dominated s;tes (Figure 3.23b). . el

17
A N

brdlnatlon of leaf turgld dry weight ratio for the
grags ramponent (Figure 3.24) drndicates a strong molsture
gradient along the first axis. A nutrient’ yradient was
not dptected within the ordination.

_\(-’“"-\

3.7.9 Woo. jbark thickness
The ordination of, bark thicknesg (Figure 3. 25) did not
indicate the pxesence of either a nutriant oF a moisture
gradbent (cf Table 3. 1).

3.7.10 Graﬁs'%anina breaking strength
The first axis of an ordination orn the lamina breakinq
strength (Pigure 3.26) indicates a presence of a strong
moisture gradient ranging from the dry sites (R1, R2 and
R3) to the moist sites (K2, K3, M3 and M4), with the
intarmed:ata moilture sites between ine two (cof Table

3. 1) The presenae of a nutrient gnadlent was not evident
Wlthln the urdination space. '

A sumpary of the internslte crdinanlons ig given in table
3 213 " -
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Figure 3.23. Detrended correspondence ordination of leaf
turgid : dry weight ratic for the woody layer
expressed as a function of the total biomass of
each study site. Ordination (4) includes all sites,
whereas, ordination (b) excludes outlier site Kl.

b Bigenvalues for the four axes are 0.567, 0.334,
0.162 and 0.081, and 0.624, 0.3%8, 0.153 and 0.063
for (a) and (b) respectively. Abbreviations are
presented in ABBREVIATIONS above.
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Figure 3.24. Detrended correspondence ordination of leaf
turgid : dry weight ratio for the grass component
expressed as a function of the total biomass of.
each study site. Bigenvalues tbr the four axes are
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Tabie 3.2. Presence (thor absence of plant available

moisture and nutrient gradients within the inter-site

N

ordinations for hoth the woody and grass components.

(=8

Plant attributes are given in ABBREVIATIONS above (X'= no

evidence of the barticular gradient, J =
particular gradient and i

evident” wmthin the ordination space)

Lt

Woody
Moisture Nutrient
X %
J X
X X
X X
+ X
X X
X X
X X
X X

68

evidence of the
%

Grass
Maoisture Nutrient

4~f“m‘»£ﬁw*a§ﬁm*h
- R

]

= particular gradient is weakly
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4.0 DISCUSSION .

v

: o R . ‘j.{ W
4.1 eaﬂunums.oﬁ Lxuxmamrans

a .

—_
4.1.1 Fjiudorepllcation e s

Hurlbert (1984).criticizes’ ecological studies that use
inferential statistical tests in Which replication is absent,

» OY where the replicates are not statistically independent.
This criticism is well founded, but does not apply, in
prmnclple, to the pzesent study. A trade off exists between
concentrating- oia small- number of study sites With a hlgh
degree of replication, and a larger nuaber of sites with
little or no replication. The raq?icatien of the sampling
strategy within a limited number af study areas aacriflces
generality for robust statistical inference.

criteria laid down by Hurlibert (1984).to avoid
pseudoraplication carnnot 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 comparison of means test used to detect
‘seasonal’ variation of the attv;butes should be 1nterpreted
in the light of the sampling strat\gy. -

4.1.2 Altitudinal differences

Altitude differences (Friend and Woodward 1990, Friend et al,

1989, Ledig and Korabobc .1983) which are measured in indices
of barometric pressure (Gale 1573), temperature (Billings
1974a 1974b, Bunce 1983, Bagles 1967, 3latyer 1977) or €O,
concentrations {Cooper 1986, Gale 1986), have a marked
influence on a variety of plant ecophysioloyical traits.

/|
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These studies, and- Others, concentrate on extreme gititudinal

diffe rgea, for example the Himalayas and Alps (see Miiller
1982). The elevation of these mountainsZspan approximately
300 to 2000 m and 300 to 3000 m in height, respectively.’
Changes in plant traits. ‘ovér 800 m altituyde, as has occurred
with the prgsen )atgdy, remains uninvestigated in the
savannas ab large. Those studies that investigated the
effects of a change in barometric pressure with altitude
offer little guidance on what may exist under the South
african conditiong. Projections from data presented in the

“gbove mentioned studies over an 800 m altitvude change mdy?be

ninimal. ' . o .

4.1.3 cCarbon dioxide concentrations ° N B

[+]

o

Billings et al. (1961), Edwards and Walker (1983), Kérner and,

+ Diemer (1987), and others, have noted changes in

photosynthetic rates with ext@nsive fluxes in ambient o

- concentrations. Many of these studies have .concentratéd on

describing the photosynthetic rates of various plant species
along a €O, gradient. The models developed from these studies
describe photosynthesis as a CO4 gradient across a complex of
leaf diffusion resistances. These models were interpreted, ?
howaever, to-be'insensitive to 4 -~ 5% variation about ambient(i
O, concentrations as applied in the present study (see N O\
gection 2.2.1.1). Thus, correction of the CO, flux was h
omitted from the study to avoid unnecessary manipulation of

the photosynthetic data.

4.1l.4 Secondary determinants e

o

The influence of fire and grazing on different life-forms (or
communities) varies greatly with different climatic and’
edaphic Bituations {see Friedel et al, 1988, Friedel and

IBlachore 1988, Westoby 1981). The criteria, iightly gg&ééﬂ
“and a fire frequency of five vears, as adhered to in the
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present study, may not be equivalent for all the study sites.
The ﬁagnitude of the inéquivqlence between the study sites
cannot be ascertained without both intensive and extensive
'investigations of these.varisbles. An additional study of

this scale falls beyond reasonable limits of “the present
atudy. A

. . 3
4.1.5 Water availability and scale. differences

A time séale difference exists between the Linéacre (1977);
and the Zucchini and Adamson (1984) models. scholes
(unpublishel) combines the two models, together with soil
texture, to produce the bucket type water ihdex model. Both
Lineacxz (1977) and Zvﬂchini and’ Adamson (1984) discuss the
limitations of their respective models. Tﬂb comb;nat}tmwﬂﬁﬂ
different temporal and spatial scales, anﬁ the limitaE¥Sng of
the two models, however, were not:addrasseﬂhin the Scholes
model {Scholes pers. cqm.s). There are various studies that®
use rainfall gradients (Cowling and Campbell 1980, Cowling
and Campbell 1283, Friedel gt al 1988, Morrow and Mooney

1974, Werger et al 1987, Werger and Ellenbroek 1978) to

determine water availability. These studies, however, use
nean average rainfall exclusively as measured at selecteéd
meteorological stations. The incorporation of both soil
texture and the historical aspect of rainfall, despite the
llmltatlons discussed, is superior to a single rainfall
flgure from whick to infer plant available moisture.

For the purposes of this m;ﬁ&y, it was assumed that a
ralijable corralation exists between the number of days
available for plant growth (as calculated by the Scholes
model) and plant available moisture. Confidence in the
Scholes model was augmented due to the fact the local
acologists and managers agreed that this model ranked the
study sites that occurred in their respective areas
accurately, in terms of perceived water aV7iJability. Any

6 Dr RJ Schoies.- Department of Botany, Uhiﬁfrsity of the
Witwatersrand Johannesburg. o
¢ "'1 /Z r
_ ! Co ;
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discrepancies that might exist between the actwal water
availapility and its index, as used in this study, may e not
oritical in pursuing the ob;actaves.: :

9, o

3

4.1.6 Available nutrient indices ) ¢

i .
_ () “Wﬁ
'No universal plant available nutrient index exists. Nobel
[1989) tack\ed the subject by deriving a nutrient index for
agaves an& cacti He linked productlvity of Agave gggsgrt;

and A. tegquilana to. soid nqpcentratians of N, P, K} B, and N&v* ~

o

and found marked dlfferenc@s in nutrient exglait&tion betwean
the two species, This bbserv\tlon suggests that each plant
species may refuire a dedicaﬁed fertility index . Due to the

high species dfversity encountered within a savanna

environment, this approachﬂfo determine an accurate index of ¢
fert!lity vemains impractical, , o e

Three ‘genéralist' approaches (éée“sactions 2.2.2 and 3.4
above} to & nutrient index were considered. Each of these
have marked 15m1tations( '

© 4.1.6.1 Soil elemental lavels

Chemical analysms can only be viewed ag a functiqn of the
techniqgues used {ie acla'dlgestlble nitrogen or resin
extntctable phosphorus). It can, hquever, be assumed that a
posi ive relationship exists between the concentration of the
element extrwéted in the analysis and plant avallability (see
Figure 3.5). The elements as gingle ‘independent’ units do
not provide sufficlant detail to derive a suitable nutrient
index.

. &7 e

4.1.5.2 ‘Ecolegists’ ranke

Many factors other than a table of chemical data and a brief

description of the-vegetation influence the fertile /
infertile perception of the lotal ecologists and managers.,
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Both the ecologists aad managers were, however, consistent in
ranking their areas locally and the ranking of their areas., .°
(unknowingly) using the data supplled. As with the soil
elemental levels, the value of the ecologists’ rdnks was to
contribute to the confidence in selecting a parameter whicii
may be interpreted as a reliable index of plant aVallable
nutrients

o

4. 1 6 3 Potential production estlmate

it

The potential biomass production index study is subjeoct to a
nunmber of criticisms. The three fundamental limit tions of
the study are given below. : 4

The biomass production of Panicum magimum may not be
representatlve of either the herbaceous or the woody
components. The present study assumes that plants (or groups
thereof) are functionally dissimilar. Thus, the expioitation_. )
of soll nutrients between two plants or plant groups, may.

also be dlsslmllar. ' -

Within the study of potehtial production, the Mixed Agacia
Savanna (Ml) soils received significantly less water than the
soils from the other stydy sites (see Feuchtenbeiner-Walsh
1990). Potential prbdud ion estimates for this site were
estimated using soil nitgogen concentrations (Nobel pers.
con. ). This weakens the predictive power of this technique
in determining a plant available nutrient index.

The presence of mycorrhizal fungi and nitrogenase activity,
.. v*.both, nay dramatically alter the perceived fertility of
soils at a partioular study site (see Rehder and Schéfer
1978, Zietsman gt al 1988). The deminant trees in both the
Burkesn and Acacis communities, at Nylsvliey (N1 and N3), are
legumes. Neither community has been demonstrated to support .
nitrogen fixing bacteria, despite extensive investigation

5 Dr PS Nobel. Department of Biology and Laboratory of
Biomedical and Environmental Sciences, University of
california, Los Anqeles.
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(Zietsmanidt al 1968). Mycorrhizal fungi have, however, been
found to occur in both communities ''Dames pers. cam.*).amgg
presence of either mycorrhizal fungi or hitroqen £ining
bacterial associations, in the remaining Study sites, were
not detiermined to ccour in the communities sampled. The - ¢
presence. or absence of microbial activity, which enhunce
nutrient absorption, may alter the assumed fertility of a
study site to an undetermined extent. In mitigation, however,
the presence of the microbial activxty of this nature, would
* not markedly alter the dyetrophic : eutrophic poles of the
assumed nutrient gradient (see Table 3. 1).

The-ahsence of a meaningful or comprehenélve plant available

nutrient index is noét seen to impede the identification of
‘nutrient based’ gradients within the present study. The

objectives of the present study solicits a mere detection of
potential nutrient gradients, rather than a site-for-site

| inventory.

4.1.7 Time scale conflicts

By definition, the plant traits used in this study were
derived over ecological and evolutionary time scales, ie:
plants are products of a historical set of environmentai
constraints. These constraints may not now be present in
equivalent intensities. Hence, an obvious scale conflict may
manifest when inferring causal mechanisms or even simple
correlations between a particular plant tralt and measured
environmental variables (see Larcher 1983, Wiegert anda
Rozlowski 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 ancestral constraints. If correlations can
be perceived between the present day constraints, then a
functional classification is possible., IF not, a derivation
of a functional claasification would be unachievable.

7 Mrs J Dames. Department. of Botany, University of the
Witwatersrand Johannesburg.
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4.1.8 Season

The possibile variation of plant traits in response to
seasonal varjation of climatic conditions {rainfall,

" femperature, day length, ete), or to a cﬁénge in the internal

anv1ronment of the plant (seed set, aging, senescence, etc),
or both, presents an additional time. scale vonflict. The
concept of variation of ecophysiclogical traitsithroughout a

season. or life span of the plan% bas not bagn{invgstigated in,
the savapna environment. Grass lamina breaking strength has,

however, been recorded to-increése towards the end of aubtumn
and winter (see Theron and Booysen 1968). This was observed
despite an adherence tb the selection of first fully expanded
ieaf material. The variation of lamina strength and the other
traits investigated effectively negates the present stpdy'
ability to pursue the objectives. -

The change in attributes from the beginninq to the end of th _

growing season indicates that instantaneousg or point

upon. The measurement of these attributes hés to be modified
to incorporate an element of time, eg the range of the plant
trait over the entire season. The aspect of seasonal '
variation of ecophysiological traits is discussed in greater
detail in section 4.5 ?elow. . '

25 -

4,2 CONCLUSION TO LIMITATIONS

A considerable number of limitations have been identified in
the present study. These limitations vary in significance,
and those which may have profound repercussions on the
conclusions drawn, are discussed. The limitations discussed
above (other than the affect of season) do not conflick
detrimentally with the methods used to fulfil the objectives,
The benefits of the exercise in pursuing the objectives,
despite the large number of limitations, in particular the
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seasonal variation of the plant traits, far exceed the
cessation of the present study (see Loehle 1937)

[l &
bt n

[N]

4.3 NUTRIENT GHADTENTS

A wide variety of {echniques are available to determine an
index -0f nutrient availability. Amongst these technigues are,
four which have been used in this stady. These:include:
studies that consider soil type and parent material,
experience ot local ecologists, chemical analysies and
calculations of potential biomasa production.

Ly

The inferance of soil fertillty £xrem hqﬁ“ fi{; i“ﬁatg;ial and
soll type has been demonstrated e be ;\\ wﬁ?\ s
geographical scale (Bell 1982, nast 198 ﬁieﬂa t 8l 1988)
but is, huwever, inadequate ot the fiuml scales qnquired for ' J
functional studice:ijoil nutrient distribution is ‘rkedly
patchy wlthin’ﬁhe 1andscapa dESpite a homoganeous parent B
raterial. Even at a fine scale of samp‘ﬂ sites iess than 50 m

R in dismeter, nutrient discrepancies may v ry ten fold {see
Qalackmore et al 1990). Reasons for the lack of soil nutrient
‘homogenelty are numerous. These range from aspect differences
(Goodman 1988), to the deposition of so0il fine fractions
{(Tinley 1981), Lo the impacte of Iron Age Man {Blackmore et
al 1990) on the landscape.

The initial selection of sthy sites, in the present study,
was based on the experience (gut feeling) of the scologists
in the field. Tha lack of formal documentation of this
knowledge base, in terms of soil fertility, should not deterx
its use. The subjective ranking of the soil samples, provided
by local ecolvgists, was used indirectly in the selection of
a potential nutrient availability index (see below).

The inference of soil 'Pertility from soil slemental
concentrations has'beeﬁ widely used {Blackmore gt al, 1990,
Cowling and Camphel) 1583, Mooney and Harrison 1972, Tolsmi
et al 1987, Walker and Knoop 1977). Determining the elemental
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pool within a soil-sample oY profilé down~waights the
importance of one or more limiting elements, and -mpha51zes
the value of, for exampie, nitrogen, phosphorug and )
potassium. The elemental form in which a nutrient may occur
and the various combinations in which they are found, are
considerad important in determining_goil fertility (cf
acologists’ biases : Figure 3.5). Nobel (1989) aﬁdrassad the
role of selected soil elements in the derivation of :(
nutrient ipjex for agaVes and cacti. He integrated i brative
bionase eﬁtimate for various concentrations of soil %‘ P, K,
B and Naﬁplemen,z._a nutrient availability model of this .
intensity is needed, but remains impractical for the savanna
erivironment given the large numbers of species.

A potential biomass pfeﬂuction estimate ig probably the
éimplesthsuhjectivet&echniqUe available. It may circumvent
the complexity and intensity of the Nobel (1989) approach,
bu&\lt does, however, suffer itwo major drawbacks. The first
is the limited number of plants used., A comprehensive study
would include a minimum of 30 to 50 species, depending on the
size of the study, and the plant diversity experienced. The
sacond is that woody vegetation is precluded from the
estimate. Woody plants, are in many respects, structurally
dissimilar (ie rooting distribution ~ Rutherford 1982,
nutrient demand - Frost 1885, etc) to grasses, and therefore
Jnferences from an indeg derived from grasses to the woody
1ayef‘is difficult and uncertain. The potential production
estimate, within the boundaries of the present study, concurs
with the ‘gut feeling’ of the local ecologists, and L
positively weights the value of both nitrogen and phosphorus
(Nobel pers com®). It also incorporates the presence of
1ihiping elements into the estimate.

It i¢ tempting to go to greal lengths to measure o nutriont
index within a micro gram of each nutrient (see Nobel el al
1988, Nobel 1989) to determine, with great accuracy, the

5 Dr PS Nobg'; Derartment of Bioloyy and Laboratory of
Biomedical hd Environmental Sciences, Uriversity of
‘walifornia, Los Angeles
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fertlllty difference between samplea. There q@n he ncm
extrapolation of soil chemical data from a ﬁoiﬁxsample, after
its removal, drying, sieving and sub-sampling, to a plant
community scale. This method cannot be rewarded with a
worthier use other than determining the relative nutrient
seoncentrations between soil samples. Both plant nutrient
deﬁands (see below) and soil nutrient concentrations are
hound to vary with time (seé-Tolsma et al, 1987). "This nay
have’ repprcpssionb in determining a plant based index under
the cnnstraxhts of a single sampling technlque._An acqurat
determination of a nutrient index for a plant community would
thus entail the determination of the nutrient imdex in gitu,
using both undisturbed plants and soil over a significant
proportion of the plant community, for at least an entire
Season. ' -

Theh&égreg of refinement of either the nutrient (oxr moisture)
availability index need not sipersede the precision needed to
meet the objectives. The objsctives do not require fine
grhduations within either index. No progress is made if the
relevance of the functional sfady is limited o excessive
expendi%gra 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

studies. o
P

4.4 PLANT ATTRIBUTE RANGE

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

Until recently, a significant proportion of ecological
research in South African savannas, has been directed undexr a
model savanna (eg Nyslvlgy; Huntely pers, con?). These 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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‘biome. Evidence presented in section 3.2 above suggests that
the variation of both structural and functlonal plant traits
in one or two study sites equals that of the entire biome.
Tiis in turn implies that for these sites no formal or
specialized strategies have evolved. This observation is not,
however, ubigquitous, as the sites, that egualled the
variation -of the biome were not consistent for aaqh'trait
studied. It could therefore, be conceived that, for an
intensive study of a single plant treit, one or two sites _
could be selected which would represent the entire biome. The
coét, in terms of finances and man hours, would preclude the -
aptipn,of sampling a wide variety of savanna communities "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 dopinated 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, _
1580}, phenotypic piasticity (see Baldocchi et al. 1887, Black
1971, Camerick and Werger 1981, Chapman 1973, Cody and Mooney

| 1978, Friend and Woodward 1990, Givinish and Vermeij 1976, '
Knight and Loucks 1968, Pearcy et al 1987, Stace 1980, Werger
and Ellenbrbek 1978) and taxonomy (see Bradshaw 1962, Chapman
1973, Stace 1980), Studies that include a number of diverse
species fail to capitaliﬂ} on ‘study gite’ variance and as a
result, interpret their data using mean points (see Gillison
1981, Friend and Woodward 1990). Thus the total wvariation of
plant traits, independent of species, and the relation of the
variation to environmental 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
plant structure {eg sclerophylly, succulence and leaf turgid
_tykmg/dry welght ratio) indicate a functional difference hetween

79



woody planté and grasses. Traits that relate to plant:
physiology, however, do not follow a woody : grass split.
Thus the ratio of structural to functional related traits in
'a classification, such as that proposed in tha present study,
becomes vitally important. A bias in the selection of plant ~
traits will have profound effects on the outcome of the
classification. '

A highly popularized difference between €3 plants and C4
grasses is the e¢levated photosynthetic rates of the latter
(Black 1971, Edwards and Walker 1983, Noggel and Fritz 1983, .
Siegelman and Hind 1978). The presdnt study encompassed woody
C3 plants and grasses having C4 photosynthetic pathways
{Ellis et al, 1980, Vogel et al 1980). The initial discovery
of the C4 pathway raised a variety of questions; Why did this
pathway evolve? What kinds of plants have evolved a C4
photosynthetic pathway? What are the physiological and
anatomical differences between €4 and €3 plants? In which
plant communities do these plants occur? What is the o
proportion of €4 to C3 plants in these communities? What is
the agricultural significance of a C4 photosynthetic pathway?
The guestions that had hoen ignored within the savamna
enviromment are as follows; Are these differences measurable
in situ? Are traits that are related to photosynthesis, other
than the maximum potential rate, different between C4 and €3
plants? The present study has demonstrated that, for savanna
plants in situ, (1) the maximum potential photosynthetic
rates of C4 grasses may be only marginally higher than the
woody (¢3) plants measured, and (2) the remaining
physiological and structural traits (see Figure 2.2) do not
follow a €3 : ¢4 division,

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
hark thickness) have not been as well documented. The studies
that have pioneered the use of leaf consistence in evological
gtudies (Bond 1981, cowling and Campbell 1983, Loveless 1962
Werger and Ellenbroek 1978) have concentrated on either
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" .
defining leaf cnnsisténéy or relating changes inl1eafv
consistency to an environmental gradient, or heth. Studies of
) , - i
grass lamina strength (O’Reagen pers coml®, Martens and -

- Booysen® 1968) have concentrated on the pastoral significance
.0f the tensile strength 6f grass leaf blades. No literature, °

othear than purely anatomical studles, invelving bark

‘ thickness is available.

[ - S "
These obgervations lead to speculation that the.funatlonal
approach to vegetation classification has not evalved

- sufficiently to attract inmovative research. two criteria. = o
‘support thigﬂspeculatinn. The first considers the omission of ‘

a statement on functional“signifiaance within conclusionss’
drawn in these studies, -while the second highlights the

‘absence of a wide variety of ecophysioclogical tralts in the
. current literature.

]
4,4.1 Conclusion to Plant Attribute Range (Objective 1)

The solution to the dilemma presented in Objective (1)
(section 1.1) is complex. The results from a limited number
of the sités studied indicate that plant traits may be
randonly distributed, whereas, the majority sites indicate to
the contrary, ie that similar strategies may'ekist. The
difference in two categories of sites may be attributed to
the differences in the intensity of the selectional pressures
that played a role in trait expr@ssion. If this cdnclusion
holds true, then the wean nay mno 1ongar bea meanianul in
functional studies, however, the variance itsell may prove to
be paramount in understanding functibnal variation within
plant communities. ‘

10 Mr P O’Reagen. Department of Agriculture. Stutterheim.
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4.5 smsox{wi CHANGE

Objective (ii) : To determine the coﬁsistgncy of
ecophysiological traits, ‘as functional characters,.over the
- span of a single growing seéason.

Terrestrial studies that investigate'plant traits in terms of
their occurrence or méénitude, as those cited in the pfesent
study {other than Theron and Booysen (1968)), Ffail to address

- the significance of seasonal fluctuatlons within their datak
The methody described in the majority of cases (eg Baldocchl\
et al, 1987, Butler 1954, Friend and Woodward 199cu Korner andk
Diemer io87, Love).ess 1962f/2§arcy et al, 1987), reflect that
data collection spanned at 1ea&t an entire growing season. If )
the data presented within thasa studies have been collected
over ah extended period, then one of two assumptions may bs
drawn. Two conclualnns would then naturally follow, namely; .

A

(1) Sample variance in these_studies exceeds seasonal
yariation of that trait. '

Evidence presented in both Figure 3.4 and Appendix B,
inqlcates that sample variation does not consistently
exceed ssasonal variation and that significant
fluctuations may occur in the plant 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 upen.

{2) Variance presented in the literature in terms of standard
deviations, for each piant attribute, includes seasonal
variation (ie plants were sampled continuously
thruughout the season, although not indicated in the
methods) .

..Thé“standard deviations, noting the absence of a species ;*M
overlap between the present and referenced studies, are
. ) (} '
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of an equivalent oréer of magnitude witbout the
inclusion of seasonal variation. This suggests that
seasonal yariation has not been included within tme data
presented withln thesa studies, § '
By deduction, two sampling strategieé‘may be assumed in the
above referenced studies. The first, data collection was by
means of sampling successive study sites, as with the present
study. The second, entire plants or parts thereof were
collected and transported o a laboratory and measurements
made (eg Cowling and Campbell 1983). Both approaches to daba
‘wollection fail to address the importance, or significance,
of a seasonal variation of plant traits studied.

The principle aim of the study by Theron and Booysen {1%6§)
was to quantify changes in tensile properties of a number cnf
indigenuus grasses. They indicated that the tensile strength
of grass lamiﬁae showed 1ittle change over a-growing season J
but increased significantly towards the end of the season.
The present study supported this observation despite the
adherence to the selection of first and second fully expanded
grass lawinae (not follnweéQ{g Theron and Booysen) as well,ﬂs\
the notable delay of: the dry Sbason. The failure of the
rémalnlng references c;ted in the present study {eg Friend
and Woodward 1990) to reél;?e the significant influence of a
change in season on the expre551on of both s&ructural and
functional attributes is mlaleadxng. The derﬂ3stration of the
importance of seasonal change in the ;&Q\ . % of plant
traits in thé present study highlights t!\ni, ,W,L for u

thorough investigation of each aspeat of iat ﬁ\gollection.
- . W‘1.-‘

. _ ‘ﬁ.
4.5.1 Conclusion to Seagonal Change {Objective IX)

The conclusions, drawn from the marked influence that season

appears to have on the expression of the majornty of p%ant
traits, are twofold. -
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N .
The first concerns the ability of the present study to
achiene the goals Giscussed in section 1.2, The marked
1nfluance of the lapse of time between szpling perlods
indicates that objedtives iii to v of the present study
cannot be adequately addressed. Grounds for the potential
exclusion are based on theclnherent assunption that plant
traits would remain constant during the sampling period. The
continuance of the study, however, has been motivated for in
terms of an academic exerclse, see section 4.3 and 4.1.11 .
, &bove. ' p
The second indicates that the success of functional studies
relies heavily on thé inclusion of an element of time in the
delimitation of functional traits.

4.6 DIRECT GRADIENT ARALYSIS ' . “u H

e Yl
R s T L Ay

(.
objective (iii} : To determire whether ecophysiological
traits vary predictably with a change in either available
@oisture or nutrients, or both.

Changes in environmental constraints {both temporally and
spatially) are important in causing genetic and phenotypicn
differences within plant populations (eg Baldocchl ek al.
1987, Billings 1974a lgkdh Bance 1983, Chapin et al. 1987,
Cody and Mooney 1978, Cooper 1966, Cowling and Campbell %ﬁﬂ?,
Bagles 1967, Friend and Woodward 1990, Friend et al, 1989 -
Gale 1986, Ledig and Korobobo 1983, Slatyer 1977). It has
been debated that differences in plant attributes alohg -
environmental gradients appear to be of selective advantage.
This arguMEnﬁ; huwever, assumes that for each set of
environmentai constraints 8 single set, or a select few, of
genetic and phenotypic soluotions {strategies) would prevail.
Evidence provided in the present study (see section 3.5
abova) indicates that no distinct pattern exists between the
two dominant determinants, viz. shil moisture and nutrients
(see section 1.0 above), and the”ﬁagnitude of the expression
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. Kozlowski (1984) that beth morphological and,ghyslolaglcal

- tha magnitude of %he plant trait and the 1nwbnslty of ’n

. i . _ o v,y

< ) : . G o G, .
of planﬁ'tralts. These results are in accordance ‘with the
strong warnings of both Larcher (1983), and Wiegert and - o

——

responges of plant traits may reflect. ‘historicdl 1nformation
about environmental influencec thch may not pertaln to” the

s;te(s)ﬁgg they are at present, ‘reducing correlatians between U
/t
envirsimental trait te irrelevalence ($ee section 4.0, B
above). ’ '

)

. Phe mi51dent1f1cation of the detarmlnants or the

underestimation of either (1) synqxgism between determlnants :

or (2) their mode of activn on both structure and fuhction,

inhibits the derlvatjon of a simple functional model. It is Y
therefore clear that the slmple atatement of suspected ' ¥
determinahts (see Frost et al, 1986) provides 1itt1e .

_1nformatlon to fuﬂctxonal studies.

. . : LA A
4 . _ : ~ g\x !r

4.6.% COné1u51on to Direct Gradlent Ana1y51s (ﬁbjectJVe III) . v

R . W

£

: & o

The solution of a functional approach tﬂ vegetation '\' :

classif%patlon cannot, be resolved into a sihple model such Hs ° .‘g
thst - Bisented in Pigure 1.1l. The pattern that would . = ° o

contribute to this model has not béen,shown to occur using a
afyect gra- ‘ent analysis technique. The pattern, should it
exist, may be masked by (a) an inherent adaptation of the
plant tralts to an ancient set of environmental constraints,1”
(b} by the 1nsensit1V1ty of the methods exercised in the
present study to additional unknown qradlents, or {(¢) a lack.
of an adequate understandidy of the hypothesized determinants

themselves. "
t

W
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4.7 INTER~SPECIES COMPARISON

o

objective (iv) i To determine functional similarities (or
differences) Letween plants / species occurring at different
points on the moisture / nutrient plain.

A large nuwber of studies (eg Cody and Mooney 1978, Cowling
‘and Campbell 1983, Parsons and Moldenke 1975) have
demons..rated, to varying degrees, convergence of seemingly
floristically diverse species along marked climatic and
edaphic gradients or in analogeous but spatially separated
ecosystems. These illustrations;prbvide support for the
concept that'ﬁlant communities, ecosystems and biomes consist
iof a range of functionally similar species. ”

- The basic assumption that plints which share similar
attributes may be grouped iﬁto guilds or functional groups is
not, however, clearly evident from the present study. The
first and foremost feature of the clustering of species with
respect to thelr attributes, particularly the herbacecus
layer, is the tendency of the species to occur at a nodal ox
mean point within a PCA ordination space. This limits the
possible occurrence of meaningful variation, and hence
functionally dissimilar guilds remain unidentilied. This in
turn suggests that the species studied, in the present study,
are inherently similar and have not diverged sufficiently for
functionally independent groups of plants to have evolved.
This obgervation is in direct contrast to the findings of the
studie%fin the literature as discussed above.

Despite the similarity of woody plants in the present study,
an aspect of a simple structurally based classification, in
terms of leaf size, was evident. It has long been realized
that shapes and sizes of angiosperm leaves reflect
adaptations to environmental conditions {Bailsy and Sinnott
1916, Raunkiaer 1916). This relationship, in recent
literature, nas been expressed more quantitatively usirg ..
multivariate analyses (Box 1981, Cowling and Campbell 1980 3
1983, Gale 1973, Gates 1968, Gillison 1981, Givinish and



Vermei 197¢, Knidht and Loucks 1968) Predictions in leaf
#ize and shape albng environmental gradients have been baand

- on water economy (Cowling and Campbell 1983, Knight and
Loucks 1968, Parkhurst and Loucks 1972, Pickett and Bazzaz
1976, Werger and Ellenbroek 1978, Werger ek al.1987), soil
fertility (cowling and Campbell 1980 : 1983, Loveless 1962,
Morrow and Hooﬂey 1974) and photosynthetic performance
(Baldocchi et al 1987, Black 1871, Friend and Woodward 1990,
Pearcy et al 1987). The observation of recognizable leaf
size/shape classes within the woody component of the present
study is particularly significant as the association was not ¢
a product of measured 1éAf size and shape, but the product_of“
both morphometeric agd~§@nctiona1 tralte. It may be obvious,
but well worth mentioning, that similar evolutionary -
pressures may have acted”indepandently on both structurefie
leaf shape) and function (eg photosynthesis) or that all

. plant attributes evolved bimultaneously under a simple set of
environmental constralnts, oxr a combination of the two.
Regardless of the nature and history of evolution of the
plant and plant traits, a strong handshake, for the woody
ppecles, is perceived to exist between structurally and
functionally based attributes.

Al

The similarity between selected woody plants enables the
concept of ecological egquivalence to be addressed within the
present study. The term ‘ecological equivalence’ was derived
frou the notion that two species may be ecologically-
subswltuted for one anothpr (Cain 1939, DirksaEdmunds 1947,
Knight and Loucks 1968, Naveh 1967, Odum 1959). Woody

species, in the present study, which were suspected of being
functionally eguivalent are Acacia nilotica and Qicnxostachg

cineren, Meytenus senegalensis (see Figure 4.1) was seen to
be equivalent to a number of microphyllus specles, whereas

Acacia mellifera was perceived to indicate functional
tendencias towards both Grewia flava and Terminalia sericea.
The ocenrrence of functional equivalence within the woody
species that ocour within the South African savanna
highlights the importance of vegetation nomenc11turf and the,
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{'usé of locally indigenous plants in reclamation,
rehabilitaﬁion;and restoration studies.

The classiﬂlcation of savanna communities using either
dominant or indicator species (see Gauch 1966) that are :
functionally equivalent, provides little functional
- information. 01aSsifications,‘tnerefare; unguestionably,
should opt to inclﬁde both indicator and dominant species
within the description, =eo as to ensure romprehensive
characterization of the community from a functional basis.
The khowladge of functional equivalence for a wide range of
savanna species would enable information derived from
sugcessful restoration studies to be capitalized upon. This
process would then allow utilization of locally indlgenous
species im the restoration process, thus conserving the
lcrlst;c integrity of the areas within and suzrounding the
restoration site (see Jordan et al 1987).

“The lack of istinct guilds in the grass component indicates
that, with res ect to the traits covered in the present
gtudy, a large majority of savanna grasses are functionally
interchanggable (ecologically equivalent). The inherent
functional similarity of, and lack of divergence within tha
grasses 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 additional information i added to a
description of a vegetation type {ie Burkea africana
savanna), if the dominant grass species is included (ie
Burkea africana, Eragrostis pgl;ggg_savanna) Thus a _
vegetation type described as a Burkea africana, Eragrostis
pallens savanna may perhaps be funetionally aimilar to a
Burkes ggr;cﬁ#g, ﬂﬁtgggpggggn ngntc;gug savanna, and yice .
yersa. '’

If the South African grasses are inherefitly similar, the -
gquestion arises whether grasses that ocour within other
savamnna biomes (eg Australian, Prazilian, East African
gavannas) are functionally similar to those 'that occur within
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the South Ké%ican gavannas. Should the savannas of the world
ke fuﬁctionally dissimilar, global conservation as well as
movement of grass species between biomes become important
issues requiring prompt attention. The loss of savanna .
communities (ag through the action of modern man), may then
result in potentially functionally uniqgue vegetation types
being losk. This would require increased canservaticn status
of savanna biomes {globally) in order for genetic, fleristic
and functlanal diversity to persist over time. Both the local
and global conservation strategies as proposed by Anon O
{1990), and Walker and Dickson (1988) on glchal change would,]=“
hence, require significant modification. If, however, a large o
degree of functional overlap’ occurs between the different '
savanna biomes, current conservation strateyies {eg Natcal
Parks Board Mission Statement 1991, National Parks Board .
Policy Statement 1991) would rempin pertipent. Functiomally \af
under-represented communities, globally, woulé thuw Tuquire
1dant1f1cation and their conservatlon status 1ncreas~d to
ensure their continuance over time. The develcpment of %. -
platform from whlch the similarities and differences between -
savanna blomeﬁ has been cited as an impartant objectivauu

the IUBS/UNECO MAB programme on the Responses of Savannasd
Stress and Disturbance (Walker and Menaut 1988), X

The presence and absence of guilds in woody and grasses
respectively, nay indicate a need to split both vegetation o
management and conservation into twe elements, so as to -
pravent a management dction, in response to a change in one
component, adversely affecting the functlonal integrity of

the other. The presence of potential functional groups within
the ‘woody plantg indicetes «promise in the derivation of a S
functional clasaificaticn._whe significance of changes in
environmental determinants could then be addressed, &s
floristic uhanges way not necessarlly indicate a functxonal

- dhange within a plant community. Functional information may

provide the tools needed fto assess the effectiveness and
accuracy of exemplary savanna and grassland bench-marks
provided by the Department of Agriculture.
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4.7.1 CONCLUSIONS TO INTER-SPECIES cohmaﬁisbn (OBJECTIVES TV)

Comparative plant morphology has been utilized as one of ‘the

basic lines of evidence for the demonstration of convergent -~
evolution, The argqument, indicates that wmorphology, which ls ‘ .
said, to be environmentally selected, reflects the. functional
adaptations of plants. Neitk Y divergence nor convergence of

spacies into gu%ids have been demonstrated with the grass

species. Evidence of coénvergent evolution is seen to ocour - °

-, within the woody component. The inherent similarity of the
' savanna plants denies, in thePpresent study, the

identification of meaningful strategies, which is in direct
contrast to the conclusions of the literature cited.

4.8 INTER-SITE ORDINATIONS

Objective (v} : T6 evaluate functional differences between
plaht communities which cceur within different plant
available moisture and nutrient regimes.

" Bvidence supporting the phenomenon “that plant communities

growing under similar envirommental constraints on a site
basis have developed similar traits or strategies has been
widely published {eg Baldocchi et al. 1987, Black 1965,

‘Cowling ghd Campbell 1980; 1983, Gillison 1981, Friend and

Woodward 1990, Knight and Loucks 1968, LoVeless 1962, Morrow

and Moonhey 1974, Parkhurst and Loucks 1872, Peavcy &E al .
1987, Pickétt and Bazzaz 1976, Werger and Ellenbroek 197§, o
Werger et al. 1987) N

It is assumed within the present study, as with the ‘current
literature, that the majority of plants' ocourring at a =

pavgicular site within a vegetation type, experience(d)

divsalar ehvironmental constraints. It wonuld, therefore,

naturally follow that a suitz of plants occurring at one

particular gite would be functionally dissimilar to a suite

of plants occurring at a different (in terms bf past and
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present environmental constrainﬁs) gite. The major two
determinants responsible for the dissimilarities, it is
arguéd, are plant available moisture and available nutrients
(Frost et al. 1988).

The ordination of atiributes, in the present study, measured
from a number of plants that occur at di.ferent points on the
moisture : nutrient plane, do not indic¢ate an overriding
presence of both plant available moisture and available
nutrient gradxents. ' '

There is little doubt that soil moisture, alone, played a
significant rple in the derivation of thé grass attributes. ’
This obﬁervation is consistent with the findings of Cowling
and Campbell (1983), who reported distinct 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 communities ocourring onvaighly dystrophie
 soils. It may, therefore, be surmised, that a cut off point
. nay exist above which the mouldxng capacity of scoil fertility
i\becames ingignificant, and the soil Ffertility of South
/African savannas oocurs above the cut off point.

Two questions arise; (1) Why is there a difference bhetween
the grass and wooﬁy components? ahd (2) Why do soil nutrlentj
levels fall to have an overriding importance in determining
the plant traits examined in the present study, given the
persuasive argument presented by Frost et al {(1986)7

The entire complement of woody plants selacted in the present
study were mature. They would, therefore, be expetted to have
an extensive root system, drawing both moisture and nutrients
from a large area (Rutherford 1982). The root systems of

Burkea africana have been recorded to extend 40 m (Rutherfora !

1882) into nutrient rich patches (see Blackmore gt al. 1990
and Scholes 1990) and Ruschia sp. was recorded to have
penetrated 20 m deep into slightly mwister soil layers
(personal observation) at Vaalputs, North westerr Cape. The
irelative distribution of rooting material and volume of soil
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exploited by woody and grasg plants may provide the solution
to the two questions cited above. "

The relative 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 impdsed by plant growth.

! s

I

U Rigure 4.2 Distribution of woody and grass roots within the

s0il profile (see text for details).

Unlike the woody plants, grassestﬁo not have equivalent
access to moisture found in degper soil horizons. It is,
tharefore, Suspected that a-far greater dependence is placed
on rainfall by the herbaceous layer than wocdy plants. This
conjecture is supported by the post-rain flush which savanna
grasses f{requently exhibit.

The repeated association of selected sites for all attributes
measured, in the present study, despite”the vast geographical
saparation of the sites suqgests that one or more gradients
are regulating the expressidﬁ of the plank traits. The
absence of these gradients, to which the attributes would
have mouldﬁd, would have resulted in a random association for
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each attribute measured. It is clear that one of these
gradients opérating on herbaceous layer may indeed be plant
available moisture, but the determinants of the woody )
componanthremainuunidentified. The inability to effectively
identify the requlatory gradients in the expression of plant
traits supports the idea that these gradients may not be
linear and that thresholds may exist (see Cowling and
Campbell 1983). Lmkewise, once the threshold is traversed,
the moulding capacity becomes insignificant and is replaced
by one or more different regulatory variables.

i1

4.8.1 CONCLU.SIONS TO0 INTER~SITE COMPARISON (OBQEC‘I'IVES V)
. “4 . _ . T .
Theré exists little doubt that both structure and function of

the grass layer are dependent on the availability of soil

moié%ure. The level (f correlation between the expression of

the tralls and the magnitude of available (inferred) soil

moisture is not, however, sufficiently robust for a
predictave\@odel to be developed. The obserwation that seil
mitrient concentrations do not appreciably regulate the . u
expresgion of the grass trait measured in the present study o
wa's noLed. The augqested regqulatory role of thls parameter

is, therefore, challenged.

No correlation existed between the expressionﬂof traits of
the woudy camponent and intensities of either plant available
moigture or nutrient gradients was observed. The role of
these determinants in the expression of ecophysiological

. traits, within the woody component, has not met the
expectations cited in the ;$taratu§e. . L . - ~
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5.0 GENERAL COﬁ(__:LUSIQN

The study was undertaken within the South African savaiines
to examine the prospect of a functional classification of
savanna plants at an ecophysiological level.

A total of fifteen experimental sites were selected on the
basis of rainfall, parent material, vegetation type and
local ecologist’s and manager’s recommendations. Within each
study site, plant species were selected on their ecological

 ﬂominance, distribution and autecology. Various
o umphy31ologica1 traits wil hmn broad areas of leaf
'?'photcsynﬁh351s, plant wat&k potential and morphometric

traits were selected. Plant water potential data were
omitted from the study due to an inconsistency in the
technique used. The water potential tachnigues use were,
however, retained as the potential of this approach remains
to be fully realized.

The pri;ary objectives of this study were to [11 compare the
variation at the plant community level “to that of the
savanna biome, (g) determine the constancy of the plant
attributes investlgated over the Bpan of a single growing
seagon, (3) determine whether the traits vary predictably

with a change in either available moisture or nutrients, or -

both, (4) determine functional similarities between plants /
species ovcourring at differert points on the moisture /
nutrient plane, and (5) evaluate functional differences
between plant commuaities which occur under different
moisture and nutrient regimes.

The present study highlights two broad categories fie
determinants and seasonal variation) that require both
intensive and extensive investigation-befora meaningful
criticism can be lodged at the relevance of a functicnal
classification of south African savanna plants at an
ecophysiological level., It is clear, howevef, that the
savannas are, or have been, subjected to moulding
environmental constraints. The assumption that the two

in
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overriding constraints are most likely to be plant available
noisture and available nutrients is not supported by the
present study. Likewise the uniform intensity of the

* determinants throughout:the savatna biome cannot be

sanctloned. It is believed that cut off points operate and
once these points are traversed a new set, or a new
combination of determinants begin teo govern, The llkellhood
of an anbmgyg set(s) of determinants that no longer exist,
that infiuénce the relationship between plant trait
expression and environmental gradients (diffusive

: causality), is cause for concern. The possible presence of

diffusive causality continually inhibits an effective and
meaningful examination of a functiocnal approach to
vegetation classification.

As with determinants, the influence of time or seasonal
change on the expression of the plant traits requires close
serutiny. Attempts to standardize the sampling technigues
used in the present study have not been effective in l
excluding the influence of seasonal change on the expression1
of plant traits. It is suspected that sanpling methods will

~have to be extended from an instantaneous technigue Lo one

that encompasses thd change in expression of the plant trait
over the entire growiﬁé season. The derived functional
classification would therefore embrace a plant attribute
profile rather than ‘he attribu £ being represented by a
single observation. The influen & of seasonal ¢hange on
plant traits effectively prevented both inter-species and
inter~site comparisons to be made. The reducyicn in the
importance 4f a change in season on the expression of plant
traits enables the present study to gensrate meaningful

hypotheses and ohservations in the two categories,

Savanna plants, particularly the grasses, are inherently
similar at an ecophy51olog1ca1 lavel Although a renognlzahle
pattern of leaf morphology (derived from aharacter% other -
than leaf morpholoqy} waé evident within the woody
component., The contrast betweén the inherent similarity of
the grass and recognizable pattern in Fhe woody layer mﬁy
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suggest that Future classifications of savanna plants shauld_
separate the components and Qerive a unique classification
for each.

As a general conclusion, -a functionq; classification of
plants, atoan ecophysiolagicai‘ﬂevel, rewains in its
infancy. Conclusicns on the success of such an exercise
would, therefors, be premature. Many conceptual and®
technical problems require solving prior to a functional
clagsification being formally addressed. An alternative to

essential if understanding of the savarnag is to be ‘//
increased. The need of a cla551ficatic"?Mhich emhraceé

information other than spec%es composition far outweighs the
research need to meet this mandate. '
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Figure D 4 Direct gradient analyses for light cumpensation
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point (CP :

LEm ~4.5

) of the grass component along

infered mojsturs and nutrient Yradients (see sections
3.5 and 4.5 ‘dbove). Intergers represent overlapping
data points.
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Figure D 5 Direqt gradient analyses for sclerophylly (ScCL :
g-d7%) of the grass comgonent along infered moisture
and nutrient gradients (‘gee sections 3.5 and 4.5
above). Intergers rapre§ t overlapping data points.
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Figure D 7 Direct gradient analyses for leaf turgid : dry _
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Figure D 12 Direct gradlent analyses{ for light compensatior
*) of" the ‘woody component along
infered moisture and nutrient gradients (see sections -
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