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taxonomy appesred valid from the numerical study. This study has been
eriticised by Burtt, et. al. (1970) but Sncath and Sokal (1973) contend that
the numerical results yielded new and more convincing phenons which are
better related to the geographic distribution and several additional
characters. An even more drastic reassessmont of cercent views is posed by
the stdy of Young and Watson (1970) on the familics of the dicotyledons.

The results of some numerical studies have resulted in an increase in the
nuinber of rank categories within a group but Sneath and Sokal (1973) do
not feel that numerical methods have resulted in & marked tendency toward
either * Tumplag " or * splitting * of taxa when all groups of organisms arc
considered. They suggest that for the most part the results have greatly
imp.oved our knowledge of the finer points of the reitionships that have
boen studied, Sneath and Sokal (1973) contend that the results of studies
using numerical metheds have oftea been confirmed by subsequens work
and this has been true of studies such as those by Drury and Randal (1969)
and MeNeill, ot al. (1969). Altough the number of stugies where
confirmatory evidence has resulted is small, it is interosting to note that
cases where olear and apparently accentable results have boen ¢ontradicted
by later work scem to be uncommon {Sucath and Sokal, 1973). Tn most cases
the discrepancies appear to be due to inadequate techniques or methods
which have been sed inappropriately for the problem under consideration.

Other details obtainable from numerical studies include patterns of phenetic
variation. Hyperspherical or clongated phenons may be revealed, and these
may show trends or clings in ordination studies, ns well as revealing chuins
of intermedinte forms (Sncath and Sokal, 1973). Phenetics also gives

abundant | ion on the pattern of variation, (he reality

(o otherwise) of subspecics and races, and the occurence of tomporal
phenetic changes (For sxample see, Mason, et. at,, 1968).

According to Sncath and Sokal {1973) numerical taxonomy has a very
important part to plny in scicntilic methodology, It appears to have given
deeper insight lito the nature of the taxonomic process and the nature of
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ABSTRACT

The Brackylaena discolor - wniflora species complex (comprising B, discolor

subsp, discolor; B. discolor subsp, transvaalensis; und B. unifiora) is endemic to
south-castern Alrica, The currently recognised taxa of this complex are ali
farge dioecious shrubs or trees. Previous workers analysed different sections
of the complex on 8 regional busis but each treatment omitted a different
section of the complex, The objective of this study was t0 use phenetic
methods to analyse the morpholagical diversity of the camplex throughout
its rangs of distribution. A total of 150 female and 138 male specimens
were coftected and 48 {15 vegetative, 33 reproductive) and 50 characters (15
vegetative, 35 reproductive) were measured for ench of the sexes

y. The datn were ised and subjected ta various analyses
inclucing Cluster (UPGMA, WPGMA, Complete Linkage) PCA, and

Cane jcal Discriminant Analysis. Results for female and male data sets

suggest that the complex consists of & caastaf graup (8. discolor subsp.
discolor) and an inland group (B. discolor subsp. transvaclensis)  As
morphological differences between the resulting groups were small it was
considered appropriate t0 separate them at the subspecific level.




toxonomle Judgement concepts, such as size and shape, have been more
effeatively studied as a result of numerical methods, In addition many
questions which tnxonomists find difficult or awkword have been raised:
whot it & taxon?; what i o character?; what Is resomblance? Sneath and
Sokal (1973) contend that even if the results of numerical taxonomy have
not always beon useful, the questions raised by the use of these mothods
certalnly has been.

Bused on the current trends in taxonomic work it would appear that the nse
of numericnl mothods is becoming much more common. Numerica! taxonomy
has certainly not become the * miracle cure of taxonomic ills * as many of
its early proponents claimed that it would but it has certainly earned a
blace os 2 useful taxonomic method. It is in this capacity, as a taxonomic
methed, that the future of numerical phenctics lies, The primary vulue of
numerical methods Is exploratory, heuristic or communicatory (Nelf and
Marcus, 1980} and chis approsch is beiag used morc frequently in
blosystematics, pacticularly $n studics which have adepted a synthetic
approash where data from scvoral different arcas Is assimilnted and used to
solve o particular laxonomic problem (for example scc, Paris and Windham,
1988). Given all of the above, numcrical phenctics is certainly a useful and
valld approach to adopt when dealing with a complex taxonomic problom.
The Muture proponents of pumerical phenctics must avoid the mistakes of
the past and should not uttempt to overstate the case for numerical
taxonomy but should rathe. ailow it to take its place ns one of the many
available tools which can be used to study the diversity of living orgaairms.
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3,0 MATERIALS AND METHODS

3.1 Field Collection

The distribution and locality Information for the Bracuploena discolor -
wniflora species complex was obtuined from the National Horbarium
Computur -mation System (PRECIS) nad from speclmens in the holdings
of PRE, PRF, and J, Using this Information extensive [ield collections were
made during the flowering period of the B. discolor - unijlora species
compiex (July 9 - October 9) in 1985, The aren covered ranged along the
entire south-gestern cozst of South Africa from Port Elizabeth in the south
10 Kosi Bay In the north as well as several inland areas of Natal {Fig, 2). In
the Transvaal region the aréa covered extended from the Swaziland border

in the Baberton - Komatipoort district in the south to the Soutpansberg -
Messina distriet in the north (Fig. 2) Several of the sreas visited were
nature rescrves or wildorness areas where gencral plant coflecting has not
been regulnrly undortaken. Duo to political tensions in the southorn
Alrican reglon it wag not possible to colleet materint (rom Mozambique and
the required permission to collect materinl in Swaziland was not obtained.

The map of coliection sites (Fig. 2) hoy been drawn up and is based upon
the degree reforence system of Edwards and Leistner (1971), Each symbo! on
the map represents single, or sll, gatherings mode inside the quarter degree
square In which the symbol appears, A total of 150 lemole and 138 male
plants were ssmpled, Specimens were pressed and dricd aad: thea used as the
materisl [ror which measurements were mode and upon which this study is
based. Herbarium spacimens in the holdings of various herbnrin were also
initially considered for Inclusion in the datn onaiysis. Due to the large
differonces in nge (ie, only buds prosent « I'ul seed set) and the low number
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FIGURE 2:-
Brachylaena discolor ~ unifiora species complex.
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Map of sauthern Afrles showlng collectlon sites af the
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of male specimens in most colicctions it was decided to exclude ihe
herbarium materia) from the analysis. Voucher specimens of all 288
individuals used in the analysis are deposited in the C. E. Moss Herbarium,
Johannesburg (5,

3.2 Latoratory Analysis

3.2.1 Selection and Mensurement of Characters

Characters were sclected to include both vegetative and reproductive
reriures and fo include characters which are reliable and consistent, and
whica eould be ussessed with relative ease. Characters selected Fell into four
main cotegories, these included:- L. vegetative characters (principally leal
eharacters), 2. characters of the compound infiorescence, 3. capitulum
ed of
verious ratios was added later (Table 2). Initially a totai of 63 characters

characters, and 4, lloret characters. A further category which cons!

(18 vegetative, 45 reproductive) on 150 female operational taxonomic units
(CTUs) and 62 characters (18 vegetative, 44 reproductive) on 138 male
OTUs were selected #nd measured (Table 2).

Several oharacters require some explanation, for example, character 19
(Table 2), the inflorcscence ratio (INFRAT), was caiculated by multipiving
character 21, the number of capituls per raceme or panicle (NOFHEALY hy
character 22, the Internode leagth within the raceme (INTNDLN). The
resulting value was then divided by character 20, the length of the raceme
or panicle (RACMLEN) (Tsble 2). Other examples include the base of the
style which was found 1o be expanded of swollen in the female specimens
(Fig. 3a) and both the iength {character 49) and the width (character 50) of
this region were measured (Table 2). The total floret length (character 56)
was measured Trom the end of the achens to the tip of the exerted style
(Fig. 3b). The number of veins per achene (character $4) were determined
by disseoting the achenc and countin the aumber of vasculsr steands in the
Trait wall. The length of the pappus (character 4d) and the length and width
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FUAIRE 3t Floruts of a femalc specimen of the Brachylaena discolor -

E 7 s
wniflora species camptex (Drawn fron DWH 47). {#). Style of Jemale showing ‘ o AP
Ullotied stigma and swollsn basal ragion.; (b). Entira female floret showing | B Sy
corolla tube, exerted style, pappus, and achenes (), Fomale floret with E o 0
corolln tube and style ramoved. R
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of the achene 50 ond 51 i (Table 2) were
after the removal of the corolla and style (Fig. 3¢).

Five meatrements per charscter were made for ail characters, excrpt the
teaf choracters, and the means of these values were used in the data
anatysis. The leal characters were anslysed secording to the method
outlined by Hill (1930}, A single measurement per character per spocimen
was made, a5 only the sixth leal beluw the raceme or paniclc was used in an
attempt to make these more All

were made from the dried herbarlum material cxcept far the floret
charagters. In this case the florets were first softened by boiting, to
facilitate easier dissection and handling.

The mensurements (rom cach character varlable were thon tested [or
normatity using the UNIVARIATE procedure on Statistical Analysis
Sysiems (SAS) {SAS lastitute Inc, 1985) This resulied in the Logyg
iransformation of two eharacters; infiorescence ratio (INFRAT) and number
of capitula per raceme or panicle (NOFHEAD) as they werc both skewed
exteasively (o the right. The resulting variables (NWINFRAT and
N% YOFHD respectively) replaced the orlginal characters in »oth dota sets
{Table 2). No ofher characters required adjustment at this stage, Those
charagters which showed uo, or littie, vasiation (< 10 %) throughout the dats
sets, were removed. Their status hns been recorded in Table 2 25 R/lav, At
this stage character S4, achene hairiness, was also removed, as this character
was found 10 vary extensively cven within a single plant specimen.
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Table 2:- List of Chnracters Measured for Both Male and Female Data Sets

Key: 1. Data Set BS = Both Sexes;

MO = Mates Only;
FO = Females Only.

2, Status - AB = Accepted Cor Koth
Data Sets; B
AM = Accepted for Male :
Data Set Only; . v
AF = Accepted for Female :
Data St Only;
R/inv = Rejected due cod

insulEicient veriation; h [
R/var = Rejected due to ~ st
cxcssive variation; s
R/cor = Rejected due to -
Correlation; - ’
(F = Femaie, M = Male); RS
R/nrm = Rejected due to L
non-normality. . J
~
Chasacter Code Datz  Status T !
Set R
). Habit- (tree or shrub) BS Rfinv . X
2. No.of Stems N
- {one or many) BS Riiny ; s
Lenves .
3 Mas. Leal Length {mm) MXLNL B AB i
4. Max Leaf Width (mm) MXWDL  BS AB :




Phonggram of 150 female OTUs - clustering
technique used was WPGMA with CORRELATION

coeflicient, {Phennn level wsed = ~1.0),

(COPH, = 0.552). v 63
Phenogeam of 150 femule OTUS - clustering

technique used was WPGMA with EUCLIDEAN

DISTANCE coefficient, (Phenon level used

= 13.0), (COPH. = 0.678).
Phenogram of 150 female OTUs - clustering

techniou: used way COMPLETE with DISTANCE

coelfjcrsnt, (Phenon level = 225,

{COPH. = 0.631), 7
Phenogram of 350 [emale OTUs - clustering

technique used wus COMPLETE with

CORRELATION coesTicicnt, (Phenon level used

= -50), (COPH. = 0454} 89
Phenogram of 150 female OTUs - clustering

technique used was COMPLETE with EUCLIDEAN

DISTANCE cosfTicient. (Phenon tevel used

= 14.5), (COPH, = 0.631). ..

Phenogram of 138 male OTUs - clustering

technique used was UPGMA with DISTANCE

coofTiclent. (Phenon level used = 1.55),

(COPH, = 0.774), 7
Phenogram of 13§ mole OTUs - clustering

technique used wos UPGMA with CURRELATION

coelTicient. (Phonon level used = +2.5),

(COPH, = 0.739), 3
Phenogram of 138 male OTUs - efustering

teshainue used was UPGMA with EUCLIDEAN

DISTANCE coefTicient, (Phenon level ysod

= 11.0), (COPH, + 3773}
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i

17.
18.

Character

Lenf Length

to Width Ratio

Leaf Shape Index
Mean Half Width - Leal
(Cram SHINL)
Stcondary Vein Angle
- 6th vein

Secondary Vein Angle
- basat vein

Apex Angle  (deg)
Position of 20% Max.
Width Apleatly (%)
Basal Angle  (deg)
Position of 20% Max.
Width Busatty (%)
Secondary Vein
Intercostal Shape

No. of Secondary Veing
Percentage of Intere
secondary Volns
Petlole Length  (mm)
Internode Length -
between leaves 627 (mm)

Compound Infloreseence

19

193,

20.

Inflorescence Ratio
Logyg Infloresconce
Ratlo

Length of Racome o
Panlete (mm)

Code

LNWDRL

SHINL

MHWDL

VANGS

VANGE
APXAN

APXPS
BSAN

BSPS

SVINS
NSECY

PINSV
PTLLN

INTLN

INFRAT

NWINFRAT

RACMLEN

Data
Set

BS
BS

B

BS

BS
BS

BS

BS

BS

BS

Status

AB

AB

Rfcor

AB

AB
AB

AB
AB

AB

AB
AB

AB
AB

AB

R/nrm

Rfcor

AB
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Character

20 No.of Capituls per
Raceme or Fanicle

2la.  Log 4 No, of Capitula
per Raceme

22, fnternode Length
within Raceme (mm)

Inflorescence

23, No. of Rows of Bracts

24, inner-mast Bract Max,
Loagth {(mm)

25, Outer-most Bract Max.
Length (mm)

26,  Inner-most Bract Max,
Width  (mm)

27, Outer-most Bract Max,
Width  (mm)

2. fracts Extending Down
Pedunale (yes or no)

29, fnvolucre Max.
Length {mm)

30, favoluers Mox.
Width  (ma)

3. Peduncic Max,
Letgth (mp)

32, Longth of Braot
Subtending Peduncle{mm)

33, Inflorescence Max,

Length (mm)

NOFHEAD

NWNOFHD

INTNDLN

1BRL

GBRL

IBRW

OBRW

BREP

INMXL

INMXW

PMXL

LBRP

INFL

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

BS

B

BS

88

Status

R/arm

AB

AB

AD

AM
R/corF

AM
R/corF

AB

AB

Ricor

AF
R/carM

AB

AB

AB




24, PCA plot of [actor 2 vs. [actor 3 for 150
female OTUs of the Brachylaena discolor -
unifiora species complex. {Percent o1 trace

101

= 6.48%).

25, PCA plot of factor 2 vs. faetor 1 for 138
male OTUs of the Brachylaena discolar -
wniflora species complex. (Percent of trace
- 32.11%),

26. PCA plot of factor 3 vs, lactor | for 138
mate OTUs of the Brachylaena discoior -
uniflora species complex. (Percerit af trace
= 8.31%).

27. PCA plot of factor 2 v, factor 3 for 138
male OTUs of the Brachylaena discolor -
wniflora species complox. (Percent of trace
= 202%).

28.  Plots of individual OTUs of Groups | (5.
unifiora ); 2 (B, discolor subsp. discoior);
3 (B. discolor subsp. transvaalensis

the Eirse two conenical axes, for femate
data.

29, Flots of individual OTUs of Groups 1(B.
unifiora }; 2 (B, discolor subsp, discalor);
3 (8. discolor subsp, transvaalensis); on
tlie first two canonieal exes, for male
data,
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105
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Character

Inflorescence Max,
width  (mm)
Nao, of Florets per
Inforescence

Florots
Corolta Mux, Length(mm}
Corolla Mux, Width (mm)
Carolla Min. Width (mw}
Corolla Lobe Max,
Length (mm)

Carolln Love Max.

Width  {mm)

Coraita Tube Opening
Max. Width (mm)

No. of Veins per

Corolin

Length of Corolla ta
Pojat of Filament
Attashment {mm)
Pappus Max. Length (mm)
Filament Max,

Length (mm}

Anther Max, Length {mm)
Style Max. Length (mm)
Styla Laobo Max.

Length {um)

Style Baso Max,

Length {mm)

Style Base Mas,

Width  (mm)

Achene Max, Length (mm)

INFW

NFLOR

CRMXLN

CRMXWD

CRMMWD

CORLLN

CORLWD

CORTWD

NVPCOR

LCTPFA

PAFMXLN

FMXLN

AMXLN

STMXLN

STMXLOL

STBLN

STBWD
ACMXLN

BS

BS
BS
BS

Status

AB

AB

Rfoar

AB

AR

AB

AB

AB

R/inv

AM

R/cor

AM

AM

Ricor

AB

AF

AF
AF
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£.0 INTRODUCTION
L1 General Background

The Compositc genus Bracylaena Linn. is mainty tropical to sub-tropical in
distribution and native to Africa, Madagascar and the Mascarene Islands
{Palmes & Pitman, 1973). The 13 toxa whick are currently recognised
{Humbert, 1962; Gibbs Russcll, 1984) are, with the cxception of &, ificifofia,
atl farge, dioccious shrubs or trecs with simple olternate loathery leaves,
smooth above but paler and hairy below; the flowering heads are discaid,
with few to many white or yellow florats, and are arranged in racemes or
panicles, The floral disc is surrounded by involuoral bracts which are
shorter than th: flowers. The genoric name, which is based on the Greck
words meaning "short’ and *cloak” (Falmer & Pitman, 1973), refers to these
short bracts.

Brachylnena is recognised as being difficnit taxonomically (Palmer &
Fitman, 1973) and has not beon satisfactorily placed within any of the
tribes of the Compositae (Skvarla, et al, 1977). One arca of confusion
involves the Brachyloena discolor - uniffora species complex which is
coaposed of three southern African toxo - Brachylaena discolor DC.
subspecies discolor, k. discolor DC. subspecics (transvaalensis (Phill, et
Schweick) J. Paiva and B, wuiflora Harv, - all of which can grow into tall
trees which resemble onc another vegeratively, The confusion between these
taxa is fargely due to the high degree of varintion within the complex and
could be interpreted in severnl ways, Hilliard (1977) has suggosted that there
may be o single species showing variation in the number of flowers in a
head which coutd be looscly linked to an ccological cline, or that there mny
e two $1ccies that have met and arc hybridizing.

Phillips and Schweickerdt (1937), who were the tast to revise the South
Alrlean members of the genus, separated the toxa largely by the number of




‘The Temaiing churacters were then ussessed on thelr degree of redundancy
in comparison with each of the other characters, This was achicved by

i o {Appendls Iy ond
Spearman’s rank order correlation (Appendix I) using the CORR Procedure
on SAS (SAS Institute Inc.,1985). The resuiting coverinace matrix (Appendix
1), obtained from hoth corrclation measurss, was then used to dotcemine the
degres of redundancy of cach of the churacter vurinbles. It was desided to
exelude one churacter from aay highly correlated (ie. with r > 0.9) pair,
sinca inclusion of buth of these characters would contribute Little additianat
information. It has been argued rhat the inctusion of highly corrtlated
characters in some multivariate analyses, such us cluster analysis, can lead

Poarzon's

to a distortien of the results by introducing o weighting lactor. There s still
dispute over whather such distortions sre biologically significant or not
{RohH, 1971; Sokal and Sncath, 1973),

Those charseter variables whose status in Table 2 arc recorded as R/cor
were ramoved at this stage, while thosc recorded as AB, AF or AM were
retnined in both datx seis, the femele data set or the male data set,
respectively. A number of characters rojected In this way were then added
back into the character sot In the form of ratios (Table 2). The ratios were
then subjected to the samc tybe of tosts s the other character variables to
assess their degree af redundancy, aad the results recorded in the seme way
{Table 2). This resulted in 48 characters (15 vegetative, 33 reproductive)
being rotuiped in the bosle femule date matrix and 50 choracters (15
vegetative, 35 reproductive) being retained in the basic male data matrix.

In spitc of the confidemse that has been placed in raties by many
systematists, Phillips {1983) points out thar thero are several sericus
stutistical probiems nssociated with theit usage. Atehley, ct. al. {1976),
following w review of the literature and an examination of sampte dafn
concluded that " , . not only have biologists bean misled as to what ratios
actually show but ratios greatly cenfuse, and in maay cases, invalldnte
critlcal statistien! o7 biological analyses of the original data." Atchley, et, al,
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florets per Inflorcscence. They listed, among others, B, discolor DC, 8.
wuniflora Harv, and B. tronsvaalensis Phifl. et Schweick. The number of
flowers in the head in cach species nccording to these authors was as .
Collows:

Male Heads  Female Heads

B. disc~lor 11-50 126 Y
B. uniflora 1-3 4
B, transvealensis 1-16 8

Hilliard (1977) points our that the names B. diseolor and B. wiifiera may
hase been given to the extremes of variation in a range of head size as
there is a strong tendency for the largest number of flowers in a head to
occur on specimens growing on constal duncs, The big headed plant (8.
discolor subsp. discolor sensu stricto) is confined to, and very common in
dune serub and (orest (rom Utenhage In the southern Cape to tnhambune
(Bazzaruto Island) in Mozambique. The small headed plants {8 wniffora
setsy strieto) arc confined to Natnl forests from near sen level up to c.
1200m. Away from the beach there is rapid and continuous gradation from
farge heads to small. Plants with medium sized heads (B, discolor subsp.
transiaatensls sensu stricto) arc confined to the mountainous regions of the
aorth-castern Transvaal,

Hiiliard and Burit (1971) have shown that the nun ber of florets per head is i
not a reliable chovacter to differentiate between ihe above taxa as several
intermediates are known to cocur, This observation has been supported by
Palmer and Pitman (1973), This has led to confusion in the field as the i
foliage of uif three taxa is indistinguishable and they nll flower in June,
July and August. A reevaluation of this complex, using a “new" approach
was clearly necessary, After carcful consideration it was decided that a
numerical spproach would probably be most meaninglul at thls stage as the




(1976) also indicate that there are two basic staiistion) difficulties with
ratios, Firstly, the diss . icn of ratios is not normal, being more skewed to
the right und leptokuicc than the original varigbles making the
determination of confidence limits difficult. Secondly, satios do not
standardise for size, there being a relatively high corrclation between the
satip variable and the size variable, Several authors, including Biackith and
Reyment (1971), Schuessler and Hills (1978) have advocated the use
of u logarlthmic transformas... to determine a value for the ratie but
sccording 1o Atchley and Anderson {i978) this procedure it also subject to
many of the same dilficulties. Despite the problems reported with the use of
ratios in numerigal analyses it was decided ta retain all of the ratios that
were not highty correlated as several of the individual characters, which
contributed to these ratios, had been ex¢luded from the original data scts.

3.2.2 Cluster Analysis

Cluster asalysis is used for apalysing s single dats array to obtain an
explicit separation of OTUs or variables into groups of clusters that are
more simifar witkIn groups than between groups (Sneath and Soknl, 1973;
Neff andd Marcus, 1980; Dunn and Everitt, 1982). The techniquas can be
troadiy «l.2ifled into two types, namely hicrarchical and nou-hicrarchical.
The Werarchical tochnlques are particularly popular in hiologicat studies
and hav been used extensively In taxonom: (Sncatk pnd Sokel, 1973; Neff
and Marcus, 1980; Dunn and Everity, 1982), Hierarchical clustering may
result in the forming of a coarser partition from u Finer one, or it mny
involve the break-up of an eatire set of OTUs into increasingly liner
partitions (Sncath and Sokal, 1973). These are referred to as agglomerative
ond divisive clusering technigues raspectively. Agglomerative hisrarchical
rechnigues opernte on un loteOTU proximlty matrix with tach OTU
injtially being considered o separate eluster (Dunn and Everitt, 1982). The
two OTUs having the highest similarity (or smallest distance) are then
srouped together and the proximitles between ench of the remaining OTUs
and <hls two member cluster enlcuiated usiag one of the methods outlined




primary value of numerieal methods is exploratory, heuristic, or
oommunicatory (Neff & Marcus, 1960). That is, these analyses would serve
as o means of summarising morphological variation and scorching for
relationships, Furthermore, it would cnable a critical roview of the
morphologieal features and might elucidate certain characters which could
be useful In (ield ientification, It s atso relatively inexpensive, compared
to other methods, and may serve to indicate the approach that would best
resolve any of the other problems within the complex. The numericat
approach has been used sucoesslully to deal with complex problems of o
similar nature in several other groups (Zandee & Gias, 1982; Bayer, 1985
Decker & Witse, 1986; Giles & Lefkovitch, 1986; Moret, et al, 1986;
Randall & Hily, 1946; Zaharof, 1986) and was considered an ndequate
method for dealing with the B, discolor - wniflora specics complex gt this
stage.

1.2 General deserlption of plants and distribution

The currently recogaised taxa of this group arc all large dioccions shrubs or
trees usually up to ¢.J5m high but individuals up to 30m have been reported
in the Transvaal {Paiva, 1972). The leaves arc alternate with or withont

short petioles, long, ob or ablong-clliptic, obtuse
or slightly acute at 3¢ apex, cuneate at the basce, with the margins entire or
toothed. Venation is pinnate with 6 to 10 pairs of Jateral nerves which are
grooved on the upper surface but prominent below. The flowering heads
conain creamy-white to yellow (lowers and arc arranged in axilfary or
tesminal sacemes, The [loral disc is surrounded by the javoluoral bracts,
arranged In 4 - 6 serles; bracts are ovate to linccolate or elliptic-lanceolate
in shape, and variously tomentose. The male [lorets have linear anthers,
tailed at the base, and a cylindrical style which has ovate to lanceolate style
arms exerted [rom the anther tube, There is only o minute rudimentary
ovary. The pappus is less coplous and shurter than in Cemale Florets, length
4 - Smm. Tie female Plorcts have o cylindrical, grooved of angled ovary
with varying degrees of hair cover. The style is cylindrical, but swollen at




below. This process continues

with, at eash stage, the mumber of groups
being reduced by one, until the [inal point where all the OTUs are

combined into 2 singie cluster (Sneath and Sokal, 1973; Dunn and Everitt,
1982).

Cluster analysis and the resulting nivrograms ware generated using i NT-
SYS package of Rohll, et. ai, (19 4;. Thr tasi- daca mateirss tnoth piok and
femule data sets) were standarcized by the STAND suteioutine of N5,
‘This routine transforms varigbiss -

ey have @ mevn of zerg and a
standard deviation of one. Tt is w1 v Iv vied in nwinerical taxonomic
studics in order ol

& all charscters e¢ »3r‘a’ ' on an equally weighted
The
correlation, distance, and cwelis.~n distenc: m  rer (Appe dix 1) werp

basis before the computction of corrcistion ot distance soefficie

then computed using the SIMINT Lud-routite.
out by the TAXON suberoutine and *he o
were use

or anaiysia was carried

g types of cluster analysiz

L. Unweighted pair-group metnad vitag erifhe
2, Weighted pair-group wethod vsing »

107 averages (UPGMA),
- metic ave:iges (WPGMA),
3, Complete linkage cluster asadyst {(LOWPLEVE),

4. Single linkage cluster analysis (SINGLE),
5. Unweighted pair-group method usiry

‘raid averaginy (UPGMC),

&. Weighted pair-greup method using cenlryid averaging (WPGMC).

The tophenetic correlation coelficient is the mos: common method fur
evaluating the match between the origi

1 proximity marrix 03¢ the
resulting phenogram (Dunn and Everitt, 1982). Cophenctic voines were
gencrated for each resulting pherogram using the COPHENETIC sub-

routine. Those forms of cluster analysis which showed a low caphedetic

correlation {coph, < 0.6) and showed evidence of -‘chaining” were cxcluded,
Chaining refers to the fendency of the technique to cluster vegether, at a

relatively Jow lovel in the phenogam, distinet grouss of OTUs linked by &
“chain® of OTUs lying between the aroups (Dunw and Everitt, 1932), Due 1o
this property the single linksi¢ method may [ail to resolve relacively o =




the base, with the style arms ovate to linear and cxerted from the corolla
tube. The achene is cllipsoid, 5 - 6 ribbed with varying degrees of hair

cover. The pappus is 6 - 8 mm long.

The Brachylaena discolor - uniflora posics complex fa olearty distinguishable
from other species of Brachylaena. Thay are distinguished from 8. nerii/olia
and B, glabra by the under surface of the leaves which in &. neriifolia and
B. giabra are smooth o covcred in reddish hairs, while in the B. discolor
group the under surface is hairy and white, grey or silver in colour. B.
ilieifolia and B. eltiptica are most ensity distinguished from the 8. discolor
complex by the shapos of their Icaves which ure distinctive, The most
distinetive feature of . hulllensis whioh separntos it from all other members
of Brachylaena ure the denscly veivety-white involuerai bracts. In all of the
ather specles of Brachylaena the involucral bracts are often fomentose and
tinged with white but thoy do not have the white-velvety appoarance of B.
huillensis. These ond several other fentures clearly distinguish the
Brachylaena discolor - wnlflora specles complex from other members of the
the genus Brachylaens in southorn Alrica,

The plants of this complex are distributed along the south-castern const of
southern Afclea fram Uitenhage aorthwards along the Natal coast and into
Mozambigue as far north as Inhambane (Bazaruto Istand). The distribution
also continues inland in the northern part of lts range, from northern Natal,
aeross Swaziland and into the north-castern Trassveal as far morth as
Messing and as far west as Rustenburg {Figure 1),

1.3 Taxonomic and womenclatural history

De Candolle deserived B, discofor in 1836, (n 1843 C. H. Schultz 'Bipentinus®
deseribed B, natatensis which was incorporated into B, discolor by Harvey in
1865, In the same troatment Harvay described B. waiffora which he listed
under “imperfectly known species”, The confusion in the clnssification of
these specics is Irgely duc to the high degrec of varintion within the
complex, which probably makes it the most difficuit portion of the genus o

"
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distinct groups it a number of intermediate OTUs are present (Blackith and . '
Revment, 1971). This resvlted in the reteation of the first three methads b

Iisted above (namely UPGMA, WPGMA snd COMPLETE) while the last X : :
three methods (SINGLE, UPGMC, and WPGMC) were discarded. The - vy -
resulting phenograms (Section 4.1), nine per data sct, were then analysed.

3.2.3 Priselpal Components Analysis

Principai composcnts analysis (PCA) is widely used as & dimension reducing

technique. It results in o summary of as much of the variation in the data
as possible in 2 fow dimensions with a minimum loss of information
(Blackith and Reyment, 1971; Sneath and Sokal, 1973; Neff and Marcus, .
1980; Duna and Everitt, 1982), The nim of PCA is to describe the dispersion -~ o
of g-abjects in p-dimensional space by introducing a new set of orthogonal g K

lincar soordinates (i.c. linear in the original coordinates), so that the samole . .
vuriances of the given objects with respect to these derived coordinates are . . '
in decreasing order of magnitude (Chalton, 1982). Thus, the first principal TN
compancnt is such that the projections of the givea points onto it have vt oY
maximum voriance xmong all possivie linear coordinares, the second i
principal mponent has maximumum variance subject €0 being orthogonal
to the first, and s0 on (Blackith and Reyment, 1971; Sneath and Sokal, 1973; . o
Neff and Marcus, 1980; Chaltan, 1982; Duns and Everitt, 1982). L =

Priscipal components analysis and the resulting projections were nroduced ‘
using the NT-8YS package of Rohll et, al. {1974}, The basic datd matcices
(both male and female) were standardised in the same way 3 for the cluster PR
analysis (Section 3.2.2) and the correlation matrices were computed using the
SIMINT sub-routine. The PCA was gencrated by the FACTOR sab-routine
ant the fiest three components plotted (Section 4.2).




Fignre I~ Map of southern Africa; Showing known disteibution of the
Bracliylaena discolor - unifiora specles complex,
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3.2.4 Discriminent Analysis
{1) Canonicat Variates Analysis

Canonical variates analysis (CVA) s the term widety used to refer to a
clossical discriminant analysis done with the goat of dimension reduction,
usually with the results cxpressed as a histogram or in bivariate plots (Neff
and Markus, 1980). CVA operates on data which is assigned a prior/ into
groups and the methad can be used to ideatify ordering of the groups rather
than an ordering of the objects (Klecka, 1980; Neff and Marcus, 1980;
Chalton, 1882). The caleulations for canonical variates are similar to those
for principat components analysis and in both cases transformed axes are
produced. The first axis is inclined In the dircction of the n-abjeets, The
second axis is perpendicular o the first and inclined i the direction of the
next greatcst variabitity, and so on fos the subsequeat axes. In principal
components analysis, the lntent vestors are orthogonal to each other while in
canonical variates analysis this is not generally so (Blackith and Reymeat,
1972). Canonical variates anatysis can be used as a method of discriminant
analysis where the aim is to s the lincar function or functions, to assign
an . iect, whose group is wnknown, to oac of the known groups (Klecka,
1980; Chalton, 1982). CVA was used here to obtain a measure of distance
betweea the groups in low-dimensional space.

A canonical varates amalysis was carried out using the CANDISC sub-
reutine on SAS (SAS Institute Inc,1985) The OTUs were identified and
grouped according to the currently accepted taxonomy (Gibbs Russell, 1984).
Thus, three groups resulted namely a group consisting of B. discolor subsp.
discolor individuals, a group consisting of B. discalor subsp. transvanlensis
individuals, and 2 group of individusls iacntified as B. wrifiora, The
resulting canonical coefficients were then plotted against bme another
{Section 4.2). This plot was used to test the coherence or "tightness” of the
preselected groups and was used to verify the previous division into groups
which was based on the cwster analysi and the existing taxonomy. The
complete autput from this routiae is presented as Appendix IV.

~
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1) Stepwize Blscriminant Anaiysts
Stepwise discriminant analysis is 2 mothod whick can be used to select the
most usoful diseriminating voriables (Klecka, 1980), A forward stepwise
procedure seiccts the individesl variable which provides the greatest
discrimine- on. The proceduse then pairs this irst variable with cach of the
remaining variables, one At a time, to locate the combination which
produces the greatest discrimination. The variable which contributed to the
best peiz is sciectod. The procedure goss on to sombine the first two with
ench of the remaining variubies to Torm triplets, This procedure continues
uatil alt possible vacinhies have deon selected or the remaining variables do
not contribute a sufficicnt increment (Kicckn, 1980). The procedure could
also opernte in the backward direction in which it varinbles are initially
considered to be *in* and tha worst one is cast out 0t szch step, Forward and
backward selection can aiso be combined (Kiscka, 1980} This invoives a
forwarg sslection procedurs with cach mep starting with a review of the
variablcs previously sclected. If any of these variables no longer makes o
su{ficient contribution to the discrimination, it Is rejected aithough jt
remaing efigible for resclection at a future step,

The SAS (SAS Imstitute Inc,1985) subrovtine STEPDISC, with combined
forwnrd and backwsrd stepwise selection was wsed to determine the order
of importance of the characters giving the best separation for the groups
selected, The stepwise sclection eriterion used in the amalysis was Wilks
Lampda, % ich is a measure of group discrimination, The comptote output
Trom this routine is presented g5 Appendix I1L Malc and (emale dato sets
were run sepasately for both disceiminant analyses and the standardised
vaedues used in both cases.




dent with taxonomically. During the latter part of the I9th century and first
quarter of the 20th century several Beucrs! floras were published, which
included trentments of Brachylacna, (Engler & Prantl, 1890; Wood & Evans,
1808; Wood, 1908; Sims, 1909; Bows, 1921; Heakel, 1934) these provided
synthoses of the previous literature on this taxon as well as keys and
deseriptions to aid in Identification but fittle new inlormation was added,

Phillips nd Schwelckerdt (1937) described a new specics, B. transvaalensis,
related to B discolor and B. miffora, in thelr revision of the South African
species of Brachylaena. Hilliard and Burtt (1971) questioned tho validity of
the taxonomy cmployed by Phillips and Schweickerdt with regard to the
Natal region and concluded that there ware not throe independent specics

present in Natal,

They indicated that the neme could be valid in the type locality
(Soutpansberg, N, Transveal) but that ia Natal the namc merely referred to
plants that wers intermediate between the extremes recognised as B. uniflora
and B, discolor,

Paiva {1972) rovised what he called "the B, discolor-complex® and created
several subspecies nad varicties, He 1rgucd that the group was very variable

have s tbutions and

and that the
intergrade morphotogically., Two subspecics, dlscolor and fransaalensis, were
deseribed, The Tormer was [urther divided into two varieties based largely
on differences in the number of rows of braots and the dimentions of the
invotucre, Palva did not include 8, uniflora Harv, in this work us it fell
sutside the Flora Zambesiaca aree. He wrote:- *We don't include Brachylaena
wiiffora Harv, becavse it docsn't belong to our nron and, so, we avold
fusther problems® This revision by Paiva forms the busis of the taxa
curreadly recogalsed by Gibbs Russell (1984) ( Table .

The most recent contribution bas come from Hilliard (1977) who has
included all subspecics and varloties as well ns B. unifiora under B. discolor
for the Natal reglon. Both this work and that of Paiva (1972) are inadequnte
fo- solving this particular species-complex probicm as they were conductod




4,0 RESULTS

41 Cluster Analysis

Clustering was used to determine what clusters could be revealed In the
absence of prior assignment of OTUs to particular groups, In this way, the
groups of plants were determined solely on the basis of their phenetic
similarity, Cluster relationships betwoen members of the complex are
illustrated in Figures 4 - 12 (for the female data) and Figures 15 « 21 (for
the mole dara), Tnitial clustering In both data sets occurs botween OTUs
from the same or ncighbouring localities. This feature is common to cach of
the tochniques cmployed, At the highest level of clustering a similarly
consistent rosult is obtained for both groups of data and thess groupings
concur with those apparent from Prin.ipal Components Analysis (Section
4.2) and from Canonical Discriminant analysis (Section 4.3)

The retationship betwcen clustors at the highest level is remarkably
consistent for both groups of data and results in the same OTUs being
placed in the same or similar groups regardicss of the clustering algorithm
or enclficient employed (Table 3). The cophenetic correlation coef ficients of
all of the mothods presented are reasonably high, ranging from 0.722 - 0.631
Tor the femsle datn sot and Irom 0,774 - 0.523 for the male data st (Table
4), which indicates that the resulting phenograms are an adequate

of the original matrices.

The results obtained from using single linkage (SINGLE), weighted pair
group method using centroid averaging (WPGMC), and unweighted pair
group mothod using centroid avernging (UPGMC) with the distance
coeflicient, were rejected and arc not included as the cophenctic correlation
coelficients obtained were 0.506, 0.522 and 0,636 respectively and ait




Table 1 - Currently recognlsed taxa of the Brachplaena discolor - unifiora E
specles complex for southern Africa (Gibbs Russoll, 1984) 'X‘K . .

B, discolor DC. subsp. discolor
var discolor =

B, discolor DC, sbsp. discolor ) of
var, massambicensis I. Paiva e

B. discolor DC. subsp. transvaalensis Lt »
(Philt, ot Schweick.) J. Paiva ST Y
B. wniftora Harv. N Lo
koL k
Y .
P
;v
! .
[ «
~ 0



Table 3:~ Listing of OTUs and their Grovp Allocation Based on the Results
of the Different Ciusterlng Techniques and Coofflcients Used. (Both Data
Sets).

Rey- 1. Dafa Set - M = Male; F = Female,
2, Clustering Algorithm -
UPG = UPGMA; WPG = WPGMA;
COM = COMPLETE.
3, Caefficient - DIS = DISTANCE;
COR = CORRELATION;
EUC = EUCLIDEAN DISTANCE.

OTU DATA UPG UPG UPG WPG WPFG WPG COM COM COM
SET DIS COR EUC RIS COR EUC DIS COR EUC

039
040
041
042
043

B N R .

045
047
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049
050
053
054
083
036
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on a regional basls and cach treatment omits a gifferent section of the
complex, Thug, a study conducted throughout the range of distribution of
cach of the clements of the complex was clearly nocossary.

1.4 Objectives

The ebjcetives of this study were to use phenetic methods to analyse the
farge morphological varistion within the Brachylasna discolor - uniflora
epeclés comples, Tho results of this analysis would then be used to
determine whether the observed variution could be attributed to clinal
varlation, hybridization or simple unorganised variation without any clear
trend, A Turther objective was to use these findings to cvaluate the
presently Becepied taxonosmic treatment. In order to base the investigation
on o sample large cnough fo refloet varinbility throughout the range of
distribution extensive fleld collections were necessary,

i
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20 PHENETICS : A BRIEF OVERVIEW

The ficld of phenetics has been describcd as the use of patterns of
similarity among organisms which are based on the overall similarity or
diffzrences in ail available characters without, (a) considering the
evolutionary cvents that produced the observed similarity and, (b) a priori
weighting of the characters for the estimation of relationships and the
formulation of classifications (Cain and Harrison, 1960; Sncuth and Sokal,
1973; Mayr, 1978; Duncan and Baum, 1981). Classifications published before
or s00n after the appearance of Charles Darwin’s Origia of Species in 1859
were obviousty phenetic in nature sincs taxonomists were not thinking then
in evolutionary terms. With the introduction of pumerical methods es
operational approsches to this process, phenetics is now considered part of
what hes been termed *numericat taxonomy” (Sneath and Sokal, 1973), the
broader fiefd of which includes both numerical phenetics and numericat
evolutionary (cladistic) methads (Duncan and Baum, 1981).

Ascording to Duncan and Baum (1981), numerical phenetics consists of four
stages: (s) selection of organisms, groups of organisms, or operational
taxonomic units (OTUS); (b) description of the characters that are the bases

for comparison including the estimation of similurity among snd between
OTUS; {c) the summary and examination of taxenomic sructure; and (d) the
comparison and choice of classifications, Chosen characters are considered
initially as possessing equal weight (Sncath and Sokal, 1973; MoNeill, 1975).
Weighting is therefore considered an a posteriori activity utilizing the
=huracters that most cffectively summarise the taxonomic structure in the
data. No initial evolutionary interpretatic:, is attached to the characters
used, Observed similarity is exomined without consideration of the
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evotutlonary cvents that caused that similarity. These pattorns of observed
similarity among organisms are vsed to proup and rank organisms in o
hierarehical clossification {Dunean snd Baum, 1981)

Numerical taxesomy was Tirst advocated in the mid-£9505 at a time when a
waelt develpped and relatively srable rheory of sysicmaties wos held by wmost
iologizs arpund the world (Sneath aod Sokal, 1973). The views heid at that
thrae were @ resuft of the mafuration of the important conceptual
contributions that had beea made during the J930s and 1940s by eminent
scieatists stch s IS, Huxley, E. Mayr, T. Dobzhansky, G.O. Simpson, G.L.
Stebbins, B. Reasch and E. Andorsan.

Mumerical and pheneric taxonomy did not devcigop suddealy but rather
developed a5 @ consequence of increased quostioning of some of the
establithed awsumptions and techniques {Sneath and Sokaf, 1973), Many
criticisms have been levelled at numerical taxonomy sinoe its inception but,
a5 Fosberg (1967 points out, a lot of objections wer generatcd by
averselting of numerical taxonomy by some af its cariy proponcats and their
insistoncs that now we had the final solution 10 sll tixemomic problems snd
that ait else was outmoded.

Numerical 1axonomy appears to be considered by is proponents as both &
saohnique and o philosaphy. It is the phitosophy of numerical taxonamy that
is most oftes criticised by the conventional txonomists (Gifmartin, 1967).
As 5 sechnique, it enables the bislogiot to tackle many problems ln & manner
that was not possible prior o the development of the camputer. This has
enabled taxonomists 1o use rger and more reprasenthtive samples of taxa
sad of charasters ip their snalyses {(Sneath and Sokai, 1973} Mare
impostantly the aumerical approach tends 1o clucidat and olarily Tome of
the sethods and ments! processes that taxonomists vsually use, This has the
sfTect of muking the classical methods more precise apd effective (Fosberg,
1987). The philosophy of numerical taxonanty demands oqual weighting of
many charseeers in order to achleve u dogros of objectivity, as well as the
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exclugion of any precenceived notions about the phylogeny of the group
being cxamined (Sneath and Sokal, 1973). These two Concepts, cqual
weighting and the rejection of phylogeny are in direct opposition to the
background of nearly all biologists (Gitmartin, 1967),

The controversy surrounding numerical taxonomy is reficsted in the records
af many symposia held during the Eiest rall of the 1960s (Sneath and Sokal,
1973), Many of the criticisms werc preseated by Mayr (1965) in an
important atticic, most of which wero countered by Sokal, et, al. {1965). In
1969, Mayr again criticised the phitosophical basis of nmmerical taxonomy
but this too has boen countered by Sncuth and Sokal (1973) who wrol
.the basic difficulty between our philosophy and the evolutionary
classification of Mayr is that we try to distinguish between the process of

classifying and the subsoquemt process of gencrating hypotheses about
evalution, and Mayr wishes ta combine these twe Yet in his entire volume
ke fails 16 telf us how to make such o combination. Qur dissatisfuction with
vague philosaphies nnd methods has led to the principles and procedures
propounded in our book"

Another aspeet of numerical taxonomy that has becn scverely eriticised has
been the elaim by its proponents that numierical taxonomy is more objective,
Most mumerical laxonomists fecl that numerical tuxonomic work does
approach objestivity to a greater degree than classical methods but few
aumerical taxonomists ab the present time chim complete objectivity in
sheir operntional classifications, Heiser, ct. al. (1965) claim that there is
cqual subjectivity in numerical and classical methods belore characters are
chosen but that efter the initial character sclection, numerical taxanomy
tends 10 be less subjective. However, the taxonomist, whatever techniques
are chosen, be they classical, numerical, or both, must always decide bn the
best classilication and must preseat the goals and assumptions vsed when
such a classification is produced. The taxonomic decisions, therefore, remsin
in the hiands of the practising faXonomist, asd numerical taxonomists do not
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claim to t0 be able ta * ask the computer what the best classification is * as
hus becn incorreotly reported by certain critics of numerical taxonomy
{Kalkman, 1966).

According ta Duncan and Baum (1981) most studies fail to adequately
discuss the conncetion between the examination of taxenomic strueture in &
data set and the wxonomic conclusions roached. Similar oriticisms have been
Tevelled at numerical taxanamy by several conventional taxonomists. Burtt,
et. al. (1970) contend that the numerical taxonomic studies published ¥ exert
something of & tyranny " over other workers cven though, in certain cases,
the resulting classifications appear weaker and fess natural than the original
classifications, if numerical phenetics is to have a significant impgot on the
practicc of caxonomy, the comngetions between the results of the data
analysis and the conversion of these results into taxonomic decisions must
be cleatly stated, Several ways of evalusting classifications have boon
proposed but these have seldom been ¢pplicd to real data sets (Duncan and
Baum, 1981). Sneath and Sokal (1973} peint out that the cxplicit procedures
of numerical taxonomy make it possible to eagage in criticism of this sort,
which is somcthing which is not usvaly passibie in orthadox taxonomy.
Many of the criticisms of methodology and results of phenctic studics apply
to conventional classilications as well but these cannat be stated ss clearty
in that branch of taxonomy,

Johnson (1970) is of the opinion that the effort expended in numerical
phenetics Is not worthwhile in view of the rosulis that have been published.
Sacath and Sokal (1973) suggest that he has underrated the significance and
wide applicability of the numerical taxomomic method. Their opinion is
supported by the large number of studies afready published and those that
are cdatinually appearies in an incressing number of® [iclds. There are at
present three major bibliographics of numerical phenctic studies in
systematic botany (Sncath and Sokol, 1973; Duncan and Baum, 1981; Boum
et al,, 1984) which include papers published up to 1982 and which between
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them list approximatcly 800 publications. This review is largely limited to
botanical apptications since the number of publications in all of biologicat
systematis is too large for a single review of this noture.,

Numerical phenctics hns been appiicd mose often to flowering plants than
to other major plant groups (Duncan und Baum, 1981), Within [lowering
plants, studics ac the $pecies level (for cxample, Mooney and Emboden, 1968;
Arroyo-Kalin, 1973; Zaharof, 1986), species complex (for example, Parups,
et al, 1966; Drury and Randal, i969; Glles, 1986), or genus level (for
example, Heiser, et. al,, 1965; Fensen aud Eshbaugn, 1976a; 1976b; Crisci, et.
al, 1979) predominmate, In recent years scveral systematic studiee have
analysed patterns of population variation and species circumseription (for
cxample, Gilmartin, et. ok, 1986; Ringlus and Chmislewskl, 1987: Wolf and
Whitkus, 1987) and numesicsl taxonomy has served 4s a uselul approach in
such studies.

By far the majority of phenotic studies within flowering plants have made
use of morphological data (examples include, Heiser, ct. al,1965; MoNeill,
i974; Barrett ond Rhodes, 1976, Jeasen and Eshbaugh, 1976a; 1976b;
Lavarac, 1976; Sehilling and Heiser, 1976; Bisby and Nicholls, 1977 Jenson,
1977, Schilting and Heiser, 1981; Zandee and Glas, 1922; Shaw, ct, al., 1984;
West and Nobie, 1984 Whitkus and Packer, 1984; Bayer, 1985; Decker and
Witson, 1986; Giles &nd LeCkoviteh, 1986; Lammers, ot, al., 1986; Mort, ct.
al,, 4986; Nickolts, 1986; Randali and Hilu, 1986; Zaharof, 1986; Bayer, 1987;
Diggs, 1987; Gilmartin and Brown, 1987; Pehu, ct. &l, 1987; Ringius and
Chmiclowski, 1987, Wyse Jackson and Parnell, 1987) to analyse relationships
botween diforent groups, Some studies have incorporated both mosphology
and anatomy (for cxamplc, Pridgeon, 1982), morphology and cytology (for
exumple , Baker and Pinkava, 1987), morphology and chémical “sharacters
{for example, Adams and Turner, 1970}, and morphology nad cleotrophuoretic
characters (for cxample, Les, 1986). n addition, a large number of studics
have utiliscd aumerical phenctics to analyse ehemical (oasticutarty phenotic)
differences between OTUs {examples include, Ellison, et, at, 1962; Lorenz
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and Schulz-Shacffer, 1964; Mattiews, 1966; Dass and Nybom, 1967; Jaworska
and Nybom, (967; Grant and Zandstra, 1968; Oldea and Nybom, 1968; Ising
and Frost, 1969; Dedio, ct. al, 1969s; 1969%; Kalsikes 2ad Dodlo, 19702
1570b; Liyame nd Grant, 1972; Dass, ot. al,, 1974; Natarclla and Sink, 1974
Dass, et al, 1975 Woll and Whitkus, 1987). More recently numerical
metyods have been employed to analyse electrophoratic and DNA data (for
cxtmsle, Furnier and Adams, 1986; Niekrent, 1936, Bayer, ct. al, (987
Bresting, ct. al, 1987, Riesoberg, ct. al,, 1987; Elisons and Crawford, 1988).

Numerical phenetic applications in botany have been dominated by cluster
analysis (Duncar and Baum, 1981}, This technique has been vsod on its own
(for example, Adams and Turner, 1970; Nickront, 1986; Bayer, et. al, 1987;
Gilmartin ond Brown, 1987; Pehu, et al, 1987 Riescberg, ot, al, 1987;
Ellsens n¢ Crawford, 1938), and in combination with other techniques such

us principle components analysis (PCA) (examples include, MoNeill, 1974;
Senilling and Hoiser, 1976; Pridgeon, 1982; Whitkus and Packer, 1984; Les,
1986; Bayer, 1987; Brettlng, ot. al, 1987; Wolf and Whitkus, 1987), principle
co-ordinate nmalysis (for cxample, Lavarack, 1976; Nicholls, 1986; Randall
and Hilu, 1986), canoniaal discriminant analysis (West and Noble, 1984;
Barker and Pinkava, (987; Diggs, 1987), s well 6s with PCA and canonical
discriminant analysis together {for example, Moret, <. al,, 1986).

Dunean and Baum {i981) have shown that cluster analysis hag been used at
least three times as Frequently as any other phenetic method, Principal
components annlysis has been vsed faicly frequently both on its own {for
exampie, Jensen, 1977; Wyse Juckson and Parnell, 1937}, and in combination
with cluster analysis (sec under cluster analysis (or examples), caneaical
discriminant analysis (exumples include, Decker and Wilson, 1986; Ringivs
nsd Chmielewski, 1986), as well 45 cladistic analysis (for example, Schilling
and Heiser, 1981; Lammers, et. gl,, 1986), Discriminant analysis has aiso been
used, although less frequently than both cluster wnalysis and PCA (for
example, Giles and Lelkovich, 1986; Zakaeof, (986).
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The least {requently crplored step in numerical phenetics is the comparison
of competing classifications (Duncan ond Baum, 1981). This step seems to be
onc of the most important and wouid scrve to win the support of
conventional taxonomists who are scepticat about the results generated by
numerical taxonomy. It is important to demonstrate, by using o set of
standard criteria, that the resuiting classifications are an improvement over
previous mors ¢c  entionaliy derived classifications.

One successful npplication of numerical phenetics has boen the confitmation
of the broad outlines of cxisting orthodox taxonomies (Sncath and Sokal,
1973), The results of thess types of studies increase the general credibility
of the taxonomy of the group in question as well as the mumerical
techniques used (Sneath and Sokal, 1973), Examples of such studies include
work by Watson, et. al. (1966); Rhodes, ct. al. (1968); Stearn (1968); Ivimey -
Cook (1969%; 1969b); Prance, et, al. (1969); Rowley, (1969); and Stearn (1969)
amongst others, In many cases there have been several conflicting

conventiona} taxonomics and the numericat analyses often help resolve these
problems by providing strong support for onc of them, or by Presenting a
more ncceptable altcrnative system (Sneath and Sokal, 1973). It is also
common to find minor points of confusion in the previous taxanomy of
group where only & fow of the smaller taxa or groups of faxa arc affected
ang numesical methods have also played a role in resotving some of these
problems (sce Rowley, 1967; McNeit], et. al,, 1969, for cxampies).

There arc also a few examples where the resulting taxonomic relationships
generated by numerical phenctics have beea vastly differeat to those
proposed by conventionn! taxonomic methods. This %as been barticularty
evident In groups whose current taxonomy is confused or where the
relationships between the taxa are difficult to discern by orthodox mathods.
For oxample, Ducker, ct. nl. (1965) worked on the Chiorophytc genus
Chioradesnils, and El-Gazzar and Watson (1970a; 1970b) and El-Guzzar, et al
(1968) worked on the genus Sabia. Tn the last study oaly one of five
subgencra and only one of twelve sections proposed by couventional
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OTU DATA UPG UPG UPG WPG WPG WPG COM COM COM

COR EUC DIS COR EUC

COR EUC DIS

Di§

SET

¢

M

L

M




~
s

OTU DATA UPG UPG UPG WFG WPG WPG COM COM CCM

COR EUC

COR EUC DIS

COR EUT DIS

DIS

SET
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COR EUC

COR EUC DIS

COR EUC DIS

DIs

OTU DATA UPG UPG UPG WPG WPG WPG COM COM COM
SET
3
M
M
M
F
£
M
F
M
£
F
M
F
F
M
F
M
F
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M
F
F
M
M
F
M
3
F

332
333
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OTU DATA UPG UPG UPG WPG WPG WPG COM COM COM

COR EUC

COR EUC DIS

COR EUn DIS

DIS

SET
M
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Table 4 Llsting of Cophenctic Corrclation Values for the Difforent P
Clusterlog Teehnlgues and Coefflctents Used, .

Keyr 1 Data Sct - M= Mafe; F = Female,
2. Clustering Algorithm -

UPG = UPGMA; WPG w WPGMA; i

N COM = COMPLETE, ,;

3, Coelfigient - DIS = DISTANCE; :

COR = CORRELATION; EUC = EUCLIDEAN “

DISTANCE.

DATA UPG UPG UPG WPG WPG WPG COM COM COM
SET DIS COR EUC DIS COR EUC DIS COR EUC 4

M 047 074 077 074 063 0673 069 062 068
F 072 973 072 068 065 068 063 065 063
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three mothods displayed cvidenve of ‘chaining” (sce scction 322 for an
explanation of ehaining).

In the lemale data set the UPGM# cluitering wsshinique using the distaace

and cuclidean distanee coslTicients (Figs. 4 6)) give more major ctustars {ic. *

3) thas any of he other technlyw2s, However, the two principal elusters

designated by these techniques remain consistent with those designated by .
the other clustering teohniques (Table 3). The COMPLETE clustering
technique (Figs. 10; 11; & 12) (phenon fevelx 2.25; -5; and 145 respectively)
nd the WPGMA technique using both the distance and cuclioeass distance
coelTicients (Figs. 7 & 9) (phenon levels 2.0; & 13 respectively) show the
elearest separation into two major clusters. [

OTUs '16 and 252 form a third cluster at the 1.5 phenon levet (Fig. 4) and
the 17 % phenon level (Fig. 6) when the UPGMA clustering technique is used
with the distance and cuclidean distance coofficionts respectively. This
pattern is not prevatent when the other clustering techniques are used, but
OTU 116 is included in group onse {Tahle 3} when the WPGMA and g
COMPLETE clustering icchalques are used in conjunction with both 3
distance coefTicients (Figs, 7; 9; 10 & 12 respectively). Tn these eases, OTU L
146 is placed at the boundary of group one and aets as a link between the il
two major clusters, but is placed within group two when the corrclation »

coeflicient is used (Figs. 8 & 11).

OTU 252 is always placed on the boundary of group two when distance and
nuclidean distance coclTicients arc used with the various clustering
techniques (Figs. 4; 6 7, 9; 10; & 12) but is more centrally positioned when
the corrciation cocflicient is used with the varinus clustering techniques
{Figs, 5; 8; & 11} Closer examination of :he actual specimens (OTUs 116 &
252) und the measurcrents obtained for the various chasncters shows the
OTUs to be ncither extreme nor snusual in any way. Thus, it would appear
as if the positioning of these two OTUs is a rosult of the eclusteting
procedure rather thaa of the specimens themselves,
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three methods dispisyed cvidence of “chalning’ (sec section 3.2.2 for an
explanation of chaining).

1n the Cemale data set the UPGMA clustering technique using the distance
and euclicenn distance conficients (Figs. 4; 6 give more major clusters (ie.
3) than any of the other techniques. However, the two principal clusters
designated by these techniques remaln sonsistent with those designated by
the other clustering techniques (Table 3). The COMPLETE clustering
technique (Figs. 10; 11; & 12) (phenon tevels 225; -5;
and the WPGMA technique using both the dists cc and ew ‘idean distence
coefficients (Flgs. 7 & 9) (phenon lovels 2.0; & 13 respectively) show the
clenrest separation into two major clusters,

.. 4.5 respeetively)

OTUs 116 and 252 form a third oluster at the L3 pheno level (Fi, 4) and
the 10.5 phenon leve! (Fig. 6) when the UPGMA clustering technique is used
with the distance and euclidean distince caefficients respootively. This
pattern is not prevalent wWhen the other clustering techniques are used, but
OTU 11§ is included in group ono {Table 3} when the WPGMA and
COMPLETE clustesing techniques are used in conjunction with both
distance coofficients (Figs. 7 9 30 & 12 respectively). In these cases, OTU
116 is placed at the boundary of group onc and acts as a tink between the
two mojor elusters, but is pleced within group two when the correlation
caefficient s used (Figs. 8 & 1)

OTU 352 is always placed on the boundary of group fwo when distance and
cuclidcan distance coefficients are used with the varicus clustering
techniques (Figs. 4y 6; 7t 9; 10; & 12) but {s more centraily positionaw when
the correlation coslficient js used with the various clusterlng techniques
(Figs. 5 8; & 11) Closer examination of the actual specimens (OTUs 116 &
252) and the measurements obtained for the varlous characters shows the
OTUs to be neither cxtreme nor unusual in any way, Thus, it would appear
as If the positioning of these two OTUs is m result of the clustering
procedure ruther than of the specimens themselves.
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In the male duta set the UPGMA clustering tochnique using the distance and
cuclidenn distance cocflicients (Figs. 13 & 15) give more clusters (ic. 3} than
any of the other techniques. OTUs 172 and (73 form q third cluster at the
1,55 phenon [evet (Fig. 13) and the !1,0 phenen level (fig. 15) when the
UPGMA clustzung technique s used with the distense mnd eucligcan
distance rechaiques respectively. This pattern is still prevaent when aay of
the other clustering techniques are .sed ia conjunetion with clther the
distance or custidean distance coef(icients, In these cases, though, the two
OTUs are incorporated into group one (Figs. 16; 1+ 1% & 21), Closer
examination of the actual specimens revealed that the plants sampled wore
fess mature thaa the aversge OTUs used in this study, This implies that the
size of certain [loral charncters would e strongly affected, This may
acoust or the positioning of these OTUs at the extreme boundary of group
onc whea the distance and cuclidean distance coefTicients arc uscd (Figs. 13;
155 16; 183 19; & 21).

In the casc of the complete linkage technique using the corrclation
coelticjent (Fig, 20) the position of group onc has been shifted from the
extreme Jeft to the far right of the phenogram. Several of the OTUs
(namely numbers 40; dt; 44; 48; 55; 56; 89; & 180} which in all other cascs
nre allocated to group two (Table 3), have been ndded to group one in this
instance. A similur situntion is cvident when WPGMA is used with the
correlation coeflicient (Fig. 17) where group one, at the -5 phenon fevel, hay
2 number of OTUs present which in all other cases are allocated to group
two (Table 3). These OTUs (namely numbers 82; 111; 148; 178; 185; 188; 193;
1955 198; 2015 203; 204; 205; 207; 208; 209, & 226) are not the amc sek of
OTUs that were added to group one when COMPLETE linknge clustering
was used with the correlntion cocfficicnt. From this it appears cvident that
these anomeliss arc probubly duv to the methodology used rather than to
sume inhereat factor in the data,
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The UPGMA clustering technidue using the correlation coeffleient (Fig, 14)
(Phenon fevel = -2.5), the WPGMA technique using bath the distance (Fig.
16) and cuclidean istance (Fis, 18) coclTicicnts (phenon levels = 1.8 & 125
respectivety) as weil as the complete lnkago technique using both the
distance (Fig. 19) and cuelidean distance (Fis. 21) cocfficients (phenon
levels = 2.25 & 36,0 rospectively) show the ciearest separation of the OTUs
into two major clusters,

4,2 Principal Companents Aanlysls

Both sets of data (malc and [emale) were subjected to a PCA and the [irst
three principal components extracted {Figs, 22 - 27). The flrst three
principal components extracted account for 420 and 474 percent of the
variation for the female and male dats respectively. The first fourtecs
components of the lemale data set {Table 5} and the first twelve of the maie
data sct (Table 6) have ¢igenvalues greater thas one, indieating that the
characters used are not highly correlated. The refatively low percentage of
the variation accounted for by the first three compencats in cach datn sot
{42.0 & 47.4 respectively) also indicates that the character varisbles used are
not highly corrclated. Component one cmphasizes the inflorcscence
characters, while component two aceentuates the floret characters [or both
dnta sets (Tables 7 & 8). The thlrd component, of both data sets, has high
loadings [or leal cheracters.

Inspeotion of the first two PCA plots for the female duta (Fig. "~ & 23)
Twag to

seveals that indivldusls [rom groups ono and thae (corre-
Brackylaena wnifiora and B. discolor subsn, transvaalensls tespestively) are
separated rom tho individuals of group twa (corresponding to 8. dlscolor
subsp, discolor), OTUs [rom groups ore and three show n lorge de. e of
overlap and are drawn [airly close together, wl He group two romalus fairly
distinet. There is & degree of overtap botween certain individuals of groups
onc and twa, but lndividuals from grovp three do not ovorlyp with ang of
the OTUs from group two, In the case 2 [actor 3 vs. [actor 2 (Fig. 24)
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individuals From ail three groups are interspersed with ons another and no
sroups arc clearly separated [rom any others. This is as expected aa factors
1wo and three aceount for only fourteen pereent of the varintian,

Closer examination of the [irst two PCA olots for the male data (7 igs, 25 &
26) revea!s & similar pottern to that of the female data; CTUs from groups
one ond thres {eoresponding to Brachylana wniflora and B. discolor subsp.
tramsaalensts respectively) are separated from the individuals of group two
{corresponding 10 B drscolor subsp, discolor), Tn this ensc, thoug, one of the
OTUs had missing vajues amd so wos exshuded from the analysls. When
considering factor 3 vs. fac 2 2 (Fig 27) o similar pattern to that of the
female data seu is ngain cvident with OTUs from all threc groaps
interspersed with wne anothor and ag grovps elearly separated.

groups.
Section

The oveeall impression given by the PCA plots is of tvo
These resulty serve 10 substantiate the resules of the ¢

A0} and the eanunical diseriminant analysis (Section «.
similar groupings of the OTUs These results are further supported by the
fact that simular groupings were obtained in each ease with both the Cemate

et TovEaled

and male datg sero

e

~
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¥igore 4. Phenogram of 150 female OTUs ~ clusterlng techulque used was
UPGMA wlth DISTANCE ce ifficient, (Phenon level used = -1.4), (COPH, =
0722),
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Figure 5. Phenogram of 150 female OTUs - clustering tochnique used was
UPGMA with CORRELATION cosfflcient, (Phenon level used = -1.0),
{COPH. = 0.733).

e s S i



Figure 6, Phenogram of 150 femuls OTUs - clustering technlque vsed was
UPGMA with EUCLIDEAN DISTAMCE cocfficlent. (Phenon lovel used =
10.5), (COPH. = 0.722).
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Figure 7. Fhenogram of 150 female OTUs - clustering techniquo used was
WEGMA with DISTANCE costticient,(Phonon level used = 2.0), (COPH. =
0.678),

o



e

Figure 8, Phenogram of IS0 fomale OTUs - clustering techulque used was
WPGMA with CORRELATION coefficient, (Phenon lfevel used = -7.0),

(COPH. = 0.652).

[PV eI



Figure 9, Plenogram of 150 female OTUs - clusteeing technique used was
WPGAIA with ETCLIDEAN DISTANCE coefficient. {Phenon level used = .
13), (COPH. = 6.678). 3




Figure 10. Phenogram of 150 female G« Us - elustesing techuique used was
COMPLETE with DISTANCE coofficient. (Phenon lovel used = 2.25),
{COPH. = 0.631).
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Figure 11, Phenogram of 150 female OTUs - clustering tachnique used was

COMPLETE with CORRELATION cosfficlent. (Phonon fevel used

(COPH. = 0.684).

5.0,
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Figure 12 Phenogram of 150 Female OTUs - clusterlag technique used was
COMPLETE with EUCLIDEAN DISTANCE coefficient, (Phenon level used =
14.5), (COPH, = 0.631),

e e i o
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Figure 13. Phenogrum of 138 Male OTUs - clustering technique used was ~
UFGMA with DISTANCE coefficlent. (Phenon level = 1.55), (COPH. = . .
0.774).
[




~
Figere 14, Phenogram of 138 male OTUs « clustering techuioue used war -
UPGMA with CORRELATION caefficient. (Phenon level = -2.5), (COPH. =
0.739),

¥
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Figure 15, Phenogram of 138 male OTUs - clustering technique used was
UPGMA with EUCLIDEAN DISTANCE coeffictont. (Phenou [evel = 11.0),
{COPH, = 0.773).
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Figuve 16. Phenogram of 138 maie OTUs - clusterlng technlque used was
WPGMA witl BISTANCE coelficient. (Phenan level = 1.8), (COPH. = 0.736).
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Figure 17, Phenogram of 138 male OTUs - clustering tecalque used was
WPGMA with CORRELATION coofficient, (Phouon leva) » -5.0), (COPH, =
0.625).
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Figure 18, Phenogram of 138 male OTUs - clustertug technique used was
WPGMA with EUCLIDEAN DISTANCE coefficlent, (Phonon lovel = 113),
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Figure 19, Phenogram of 138 male OTUs ~ clustering technique used was
COMPLETE with DISTANCE coofflelent, (Phenos level = 2.25), (COPH. =
0.685).




Figure 20, Phenogram of £38 mate OTUs - clusterlng technique used was
COMPLETE wlih CORRELATION coefficient, (Pheson level = .70.0),
(COPH. = 0.623).
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Figure 21, Phenopram of 138 mafe OTUs - clustering technique useid was
COMPLETE with EUCLIDEAN DISTANCE cocfficient. (Phenon level =
16.0), (COPH. = 0.684).
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Table S~ List of the first 15 factors and their corresponding elgenvalues for .
the famale data set. (For (he complele set of 4 see Appenilx 1Y), .
FACTOR EIGENVAL % OF TOTAL  ACCUM.
VARIANCE ~ PERCENTAGE
FACT0001 13477 28.08 28.08
FACT0002 3.541 738 3545 “
FACT0003 12 648 4194
FACTO004 2648 552 4746 .
FACT0005 2,303 480 5726 N
FACT0006 214 447 %673 .
FACTDOO? 1915 199 6072
FACT0008 1650 344 64.16
FACT0009 1358 283 6699
FACTO010 1318 275 69.74
FACT001) 1,186 247 7221 .
PACT0012 1148 239 7460 .
FACT0013 1042 217 7677 |
FACTOOM 1052 219 7896 N
FACTO0IS 0.876 183 80.79 ’
vy
! i
. . ‘ 1
P T |
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Table G- List of the first 15 Cactors and their eorresponding cigenvalues for
the male data set, (For the complete set of 50 factors see Appendix 1V),

FACTOR CIGENVAL % OF TOTAL ACCUM.

VARIANCE ~ PERCENTAGE
£ACTO00! 16033 32 3211
FACTO002 4453 31 4042
FACTO0003 3511 7.02 4744 .
FACT0004 2789 558 53.02 i
FACT0005 2611 522 57,29 “ Y
FACT0006 2410 482 s2.11 .
FACT0007 1,860 312 6583
FACT0008 1.620 324 69.07
FACT0009 1473 295 72.02
FACT0010 1268 254 4,56
FACT00it 155 2.3t 76.86 :
FACT0012 1,084 217 79.03
FACTEM3 0949 150 8093 .
FACT0014 0.844 1.69 82,62 w
FACT00t5 0740 148 8410
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Table 7:- Refatlve contelbutlons of the character varlables to the PCA.
(Female data set), 2
VAR. FACT.) FACT:2 FACTA .
CORR. (%) CORR. (%) CORR. (%)
VALUE VALUE VALUE
RACH 0028 (043 0283 (72) T (196
INNDLN  -0.045  (021)  -0.405  (3.89) 0220 (228) 4
NBR 0825 (3.83) 0040 (0.38) 0014 (014 £
TBRW 0391 (1.82) D417 (400) 0340 (339 |
OBRW 0722 (335)  00M  (071) 0291 (290
INMXW 0899 (417) 0036 (3D 0048 (147) -
PMXL 0704 (327 0119 (L4 0081 (081) e
LERP 0643 (299) catl (203 0001 (001)
INFL 0955 (443) 0085 (082) 0024 (024)
INFW 0850 (395) 0072 (069) 0094  (0.09)
VANGS 0054 (025 0084  (0.8D) 0263 (262) .
VANGB 0340 (1.58) 0041 {0.39) 038 (a2
SHINL 0291 (135 0264 (253) 0491 (489) .
LNWDRL 0490  (228) 0391 (375) 0457 (435) B
MXLNL 0621  (288)  -008  (0.56) ol (147 co
MXWDL 012 {0.5D) 0432 (434) 0606 (604) :
APXAN 0395 (1.83) <0316 (303) Gl (148 .
APXPS 0334 (1.55) 0047 (045) 0180 (L79)
BSAN 0487 (226) 0289 (277) 0398 (397) -
BSPS 0343 (LS9 0095 (091} 0l {10
SVINS 0425 (058) 0078 (0.75) 0383 (382
NSECY 0365 (169} 0040 (038) 0309 (308)
PINSV 0276 (1200 0323 (3.0} 0125 {125)
PTLLN 0208  (097) 0102 (098} 0086 (0.86)
INTLN 0021 (013) 0136 (131) 0244 (243)

h'.v, o . . B



VAR,

NFLOR
CORLLN
CORLWD
CORTWD
SYMXLL
$TBLN
STBWD
ACMXLN
ACMXWD
NYPAC
CRMXWD
CRMNWD
NWNOHD
[BLWR
OBLWR
INVLWR
CRLLWR
ACLWR
CORLWR
STLLBR
TFLPLR
INFLWR
LRNFIHR

FACT.1
CORR.
VALUE

-0.819
-0.38¢C
-0.208
<0133
D384
8,786
0315
0,574
A.138
0,67
-0.290

0.105

783
-0.798
-0.368
-0.094
0,278
-0.547
-0.862
0396

0.710
0,106
0,849

(%}

(3.40)
(1.79)
(09m
062)
1.78)
(3.65)
(146}
(2.65)
(©.64)
a15)
(1.35)
(0.49)
(363)
(3.70)
(11
(0.44)
01.29)
(2.354)
{400)
{319)
2.10)
(0419)
(3.94)

FACT.2
CORR.
VALUE

0.033
~0.231
~0.461
-0.405
D48

0.050
-0.433

0.158
-0225
-0.099
-0.690
-0.574
0,043

0323

0324

0.480

0.042

0.293

0.259

AT
-0.047

0276
-0.058

(%}

0.32)
@22)
(443)
(3.49)
(174
(0.48)
(4.16)
1.52)
(2.16)
095)
(6.63)
(5.51)
041
(.10)
[EA13)
(461)
(0.40)
1280
(2.49)
(1.69)
0.45)
©27)
(0.56)

FACT.3
CORR.
VALUE

0105
0399
0,230
<0124
©.190
0037
-0.159
-0.124
-0.316
-0.119
-0.192
~0.097
0202
0.199
0329
0442
0.548
0015
0.1t4
<0.121
-0,099
0.150
-0.076

(1.08)
(3.98)
2.29
1.24)
a19)
17
(1.58)
.24
(.15
.19)
(191)
91
(200}
(19%)
(3z8)
@an
(5.46)
.15
(114
{121y
0.99)
1.49)
(0.76)

4




Table 8:- Relaflve coufrlbutlons of the charaeter variables to the PCA. (Male

data set).

RACMLN
INTNDLN
LNWDRI{,
MXLNL
MXWDL
APXAN
APXPS
BSAN
BSPS
SVINS
NSECY
PINSY
PTLLN
INTLN
NBR
IBRL
ODRL
3RV
OBRY
PMXL
LBRP
NFLOR
CORLLN
CORLWD
CORTWD

FACT.!
CORR.
VALUE

0.093
0131

0.260

0,384

.17¢
-0.150
-0.096
0,258
0,224

0.143

0.200

0.357
<0214
-8.041
-0.88%
-0.822
-0.923
-0.626
0843
-0.876
-0.755
0,867
-0.706
-0.219
-0.687

(%)

(0.39)
©.59)
(1.08)
(1.63)
(.70)
(0.62)
(0.40)
.an
(©93)
(0.59)
(0.89)
{1.46)
(0.39)
©17
(1.69)
2.82)
(2.83)
(2.60)
349
(3.63)
(3.13)
(3.59)
(293)
0391
(285)

FACT2
CORR.
YALUE

0,048
0,120
0.24%
«0,133
-0.368

0.046
~0.059
0,302
0,130
0175
~0.199
-0.106
0173
~0.217
Q.
+0,125
-0.042
-0.386
0074
-0.109
-0.219

0016

2.046
0471
0457

(%)

(0.43)
(1.08)
{2.18)
(1,20)
(3:32)
(0.42)
(0:53)
2.73)
(17
(1.58)
(1.80)
(096}
(1.56)
(1.96)
[
(.13}
(038)
(3.49)
@87
(0.98)
{1.98)
(0.14)
(0.42)
(4.26)
(“.13)

FACTI
CORR.
VALUE

0212
0.162
0.682
0.276
<0.342
0,475
0218
-0.128
0222
~0.447
0.026
0048
0.326
0,081
-0.136
0,095
0.4
007%
ny62
0,107
0070
0.186
0.280
0821
0,133

s w

(%,

97
.51
1635)
(2.57)
(318
(4.42)
(203)
119)
(2.07)
(4.16)
©24)
(0.45)
(3.04)
(0.75)
G4
(0:88)
(1.06)
(0:72)
.51y
(1.00)
(063)
(1.73)
(2,60
(0.20)
(1.24)




u .
YAR, FACT.!
CORR.
VALUE
LCTPFA  -0.853
INFW -0.869
INFL 0934
FMXLN 0768
AMXLN 0820
STMXLOL -0273
VCMXLN  -0.227
CRMXWD  -0.637
CRMNWD  -0235
VANGS 0070
VANGE  -0281
SHINL 0.183
NWNFHD 0891
TBLWR <0.759
OBLWR -0.228
INVLWR 0290
CRLLWR  0.548
CORLWR  -0.329
CRLMWR  -0.658
STLLBR  -0367
TFLPLR 0809
INFLWR 0445
LRNFHR  -0.875
ALFMLR 0404
LCPFCLR  -0.329
- ¥

{%)

(3.56
(1.60)
(3.87)
348
3.40)
13}
094
(2.64)
097
0.29)
(1.18)
(0,76}
(3.69)
(.15
(0.95)
(1.20)
@27
(1.38)
(273
(1.52)
(135)
(184
(3.69)
(16"
(Lao)

FACT.2
CORR,
VALUE

0.271
0244
0.002
0,186
0,003
-0438
0172
-0.621
0.730
-0.122
-0.170
0.188
-0.033
0116
0039
-0.087
0282
0.707
0.565
0.454
0.181
~0.25%
(X8
<0313
0,528

(196}
(193
(0.02)
(1.68)
©:03)
(1.96)
(1.55)
(561)
(659}
(1.10)
(1.54)
(1.70)
(0.30)
(1.08)
0.35)
©.79)
2.55)
(639)
(5.10)
(410}
(164}
{2.33)
(©.44)
(2.83)
wm

FACT.3
CORR.
YALUE

-0.122
0.172
~0.009
0212
0.08%
-0.324
0.343
0175
0.180
D415
~0.348
0673
-0.051
0.059
-0.196
0472
0244
0,306
-0.229
0274
-0.129
0434
0.037
0201
+0.035

96

(114)
(1.60)
©0.08)
(197
057
(3.02)
(a19)
(163)
(1.68)
(2.86)
(3.24)
(627
047
0.5%)
(1.2}
(4.39)
an
2.85)
13
(2.55)
(1.20)
(3.95)
34

(.87
(0.09)

PP ——
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Flgure 22. PCA plot of factor 2 vs, factor 1 for 150 female OTUs of the -~
Brachylagna discolar - uniflora specles complex, Percent of trace w 28.08%. (
4 Group 1; ®Group Z; MGroup 3). Where Group 1 = 8, uniflora; Group 2 = B.
discolor subsp. discalor; Group 3 = B. discolor subsp. transvaalensis.
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Figure 23, PCA plot of factor 3 vs, factor I for 150 female OTUs of the
Brackpiaena discolor « uniffora species complex. Percent of trace = 7.38%. (

AGroup); ® Group2; B Groep 3), Where Group | = B unifiora; Group 2 = 8.

discolor subsp. discolor; Group 3 = B, discolor subsp. transvaa’ - )
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Flgare 24, PCA plot of facter 2 vs, factor 3 for 150 feml: OTUs of the
Brachylnena discolor - uniflora species complex. Percent of trace = 6.48%, (

A Group 1; @Group 2; ® Group 3). Where Group | w B8, wniflora; Group 2 = B.
discolar subsp. discolor; Group 3 = B, discolor subsp, (ransvaalensis,
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Flgure 25. PCA plot of factor 2 vs, factor 1 for 138 male OTUs of the
Bra, laenn discolor - unifiora specles complex. Percent of trace = 32.11%,

AGroup 1;® Group 2 WGroup 3). Where Group ! = B, uniflora; Group 2 = B,
discolor subsp. disculor; Group 3 = 8. discolor subsp, transvaalensis.

e e



104

racT0002 VS, TagSo00

EXT T ]

st

o.819

w0312

.89

RRTN

EOC R )
3igoa

[t

Rl




Figure 26, PCA plot of facior 3 vs. factor 1 for 138 male OTUs of the
Brachylaena discolor - wnifiora complex, Percent of tracz = 3.31%. (AGroup 1;

® Group 2; & Group3). Where Group 1 = B, unifiora; Group 2 = B, discolor
subsp. discolor; Group 3 = 8. discolor subsp. transvanlensis.
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Flgure 27, PCA plot of factor 3 vs, facfor 2 for 138 male OTUs of the
Brachylagna discolor - wniflora specles complex. Percent of trace = 7.02%. (

A Groupl; © Graup 2 @ Graup 3). Where Group | = B. nnlflore; Group 2 = 8.
diseolor subsp. discolor; Geoup 3 = 8. discolor subsp. transvaalensis.
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4.3 Diserlmimunt Auniysls
(i) Canonical variates analysis

“The relationships of OTUs of the three predelined groups, for both sets of
data, based on the canonical variates are shown in Figures 28 and 29
respectvely, Clustering of the individeals of the three groups around their
respective centroids is evident, for both scts of data (Figs. 28 & 29).
However, the overal! impression of these plots is of two major clusters, one
predominant y compriscd of group two indivduals (corrcsponding v 8.
discol,r subsp. discolor) and the other & more dispersed ciuster of individuals
belonging to groups onc and three {corresponding to B. unifiora nnd B.
diseolor subsp, transvaalensis),

The Mahatanobis distances between the centroids of groups three and two
and of groups onc and two is larger than that of the distance between the
ceniroids of gioups one and three for both data sets (Tables & & 10). This
supports the findings of the eluster analyses (Section 4.1) which divides the
OTUs inte two principat clusters. However, the ¥ valnes £rom the centroids
(Tabic 1l & 12) give a dilferent impression as they show that the
differences between the centroids of cach of the proups are significant (p =
0001 & p = 6.005). This docs not conteadict the results of the Mahaizaobis
distances (Tables 9 & 10} but is largely due ta the sproad of the OTUs in
discriminant space and to the discrepancy in the sample sizes of each group,

1 one considers the relative contributions of the character variables to cach
of the canonieal variates (Tahles 13 & 14} it is evident that most of the
varistion is accounted Cor by the [irst canonical axis, while [ar fess

variation is accounted fur by the secand eanonical axls, This could aceount

for the reversal tn pusitions of groups one and three that is obsarved in
ligures 28 and 29, Given all of the above, the results of the CVA alse
suggest the presence of two groups, onc of Which (comprising groups | & 3)
is more dispersed than the other group (comprising group 2). These resulse
also serve to substantinte the results of the eluster analysis (Section 4.1) and
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the principal components unalysis (Section 42) which revealed similar
groupings of the OTUs for both data sets.

(i) Stepwise discriminant analysis

The characters with the greatest discriminatory power were involucre
maximam widih (INMXW) for the female data (Table 15) and the number
of tows of bracts (NBR) for the male data set {Table 16). The R? statistic
showed that the ratio, t~t- floret fength to snppus maximum length
(TFLPLR), the lesl’ shape .. SHINL), and the peduncle maximum length
(PMXL) (Table 15) werc nlso good discriminators of the female data while
the ratio logy number of capituls per raceme (NWNOFHD), filament
meximum longth (FMXLN), and the ratio total foret lcngth to pappus
maximum length (TFLPLR) (Tabte 16) were good discriminators of the male
data,




Figure 28, Plots of uthltss DT of Sy L (b, wnifloraly 2 (B, discah
subsh, discolor); asé 3 (8. Visor % wicp. Lanseagiensis): on the frst \wo

canonieal axes, for female dfs. foat toot  of growys marked as o )
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Figare 29, Plots of indivldual OTUs of Groups 1 (8. muiftora); 2 (B, discolor
subsp. discolor); and 3 (. discolor subsp. transvaalensis); on the first two
canmmfcal axes, Tor male date, (controlds of groups marked as o )
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Tnble 9:- Mahalangbis distances betweon groups from canonical discrlminant
analysls. (Female data sel),

GROUP NO. GROUP | GROUP 2 GROUP 3
GROU?P 1 6.695 6235
GROUP 2 6.695 7407
GROUP 3 6,235 7407
SAMPLE
SIZE 18 104 28

- v SN,




Table 10 Mahalanobis distunces botween groups from canonical
discriminant analysis. (Male data set),

GROUP NO, GROUP! GROUP2 GROUP3

GROUP ¢ 8.709 6391 N

GROUP 2 8709 8.296 LN e

GROUP 3 6391 8296 L 5
: .

SAMPLE :

size 1® 101 13




Table 11 F values of group cenirolds from eano, .:nl discriminant sualysls.

(Female data set).

GROUP

GROUP 1
GROUP 2
GROUP 3

SAMPIE
SI1ZE

* = significant at P = 0,001
* = gignificant at P = 0.00%

GROUP ¢

1687
3.881*

GROUP 2 GROL

Leg7H 3.881%
4.618¢

4.618%

104 2%




Table 12:- F vatues of group centroids from canontont diserbninant analysis,
(Male data sef),

* = signilicant ag P = 0,007

GROUP NO. GRO1- 1 GROUP2 GROUP 3
GROCP } 2.020% 4.663%
GROUP 2 160 2377%
GFOUP 3 4.663% 23771

SAMPLE

SIZE IR wi i8




Table 33 Relatlve
(Tenate dnta set).

CHARACTER

RACMLEN
INTDLN
N8R
OBRW
1BRW
INMXW
PMXL
LBRP
INFL
INFW
YANGS
VANGE
SHINL
LNWDRL
MXLNL
MXWDL
APXAN
APXPS
BSAN
Bsps
SVINS
NSECY
PinsV
PTLLN
INTLN
NFLOR

cantribuilons of the character variables to the CYA

CAN. I,
CORR.
YALUE

-0.0298
00572
£.8130
06592
0.3%6%
0.8373
06879
0.6341
0.8235
0.7530
0.0080
93221

+0.3690

-0.5150

-0.5744

-0.0352
0.4240

-0.3736
03847
02116
0.1157

03326

02422
62757
0,0435
07503

(0.45)
.29
“wmn
(333
asn
423)
(3.48)
021)
(.16}
381}
004}
0.63)
wsn
(2,60
(290)
.18
(@.14)
0.89)
(155}
(107
(.59
0.58)
(122
(135}
(.22)
.19}

CAN. 2,
CORR.
YALUE

00199
~0.06¢3
00156
03798
0,4422
03274
20959
0.0753
~0.0648
00228
00314
0.0260
0.0306
0.1064
0.0881
+0,0003
04423
0.0494
~0.1199
~0.1492
0.0330
03378
-0,1382
0.1806
0.0085
03044

(%)

(030
LX)
(023
(5467
(660
{4.38)
(1.43)
{ 1.12)
(097
(034
(043
(039
0.46)
( 1.59)
(131
L001)
{0.63)
(074
(1.79)
(223)
049)
(504
( 2.06)
(269
(0.13)
(4.69)




CHARACTER

CORRLN
CORLWD
CORTWD
STMXLOL
STBLN
STBWD
ACMXLN
ACMXWD
NVPAC
CRMXWD
CRMNWD
NWNOFHD
1BLWR
OBLWER.
INVLWR
CRLLWR
ACLWR
CORLWR
STLLBR
TFLPLR
INFLWR
LRNFR

CAN. I,
CORR.
YALUE

0.2858
0.0946
00302
04220
6.7059
0,2139
03363
-0.0178
07103
01775
~0.:8703
~0.2623
07550
04457
0.1345
0.2489
03671
0.8838
07002
-0.8424
0.0855
07780

(%)

(145}
(0.48)
.15}
(@0)
asm
1,08
{1.70)
0.09)
13.59)
(090}
0.36)
(385
(362
(2.25)
(0:68)
(1.26)
(186}
(447
(3.54)
(4.26)
0.43)
(393

CAN. 2.

CORR.
VALUE

0.2860
-0.0816
00747

01863
-0.0315
<1011

0.0929

0,0044
-0.0181
-0.2352
0378

03314

0.1067

0.2849

0.7574

03534
00115
~0.0115
01355

0.0555
00832
-0.2185

(%)

(42n
(122)
(LIt

(150)
(047)
(151
(139
{047
(02n
(351
{2.06)
(524
(159
( 4.25)
(1130}
(521
[€@%]
[§:32))
(202}
(083)
(139)
{326




Table 14:- Relatlvg contrlbutbons of the characicr varinbles (o the CV

(mate data set),

CHARACTER

RACMLEN
INTNDLN
LNWDRL
MXLNL
MXWOL
APXAN
APXPS
BSAN
BSPS
SVINS
NSECY
PINSV
PTLLN
INTLN
NBR
1BRL
OBRL
1BRW
OBRW
PMXL
LBRP
NFLOR
CORLLN
CORLWD
CORTWD
LCTPFA

CAN. L.

CORR.
VALUE

04341
0.1491
03149
~0.4416
-0,1697
0.1194
0.1065
0.2462
01372
-0.1737
-0.2520
-0.3385
02167
-0.0667
0.8893
0.8456
0.8720
0.5455
0.8035
08337
a217
0.8433
06168
02680
06294
o0.1270

%)

(0.59)
(0.66)
(1.38)
(154)
©75)
(0.53)
©.A47)
(1.08)
(0.60)
0.76)
(1.10)
(1.70)
(095)
@28
@an
(3.72)
(3.83)
(2.40)
(3,53
(367
(E30))
a7
@7
(118)
@m
(3.20)

CAN. 2,
CORR.
YALUE

02854
02205
0.2395
0.2287
00222
-0.0323
01136
-0.0839
00015
0.0163
~;1148
0.0425
~D.1643
0.2365
0,155
0.6378
0.0848
0.1385
01599
-0.0507
0.0236
0.1146
~0.3880
~0.0685
~0.1241
0.0258

IR

(%)

(3.78)
@91)
(3.16)
302
(0.29)
(043)
{1.50)
{L10)
.02
(©.22)
(1.52)
(0.56)
@Im
(332
(1.53)
©.50)
112
(L84)
(211)
(0.67)
[CEDY
[ED)
512
050
(L64)
(934)




CHARACTER

INFW

INFL
FMXLN
AMXLN
STMXLOL
VACMXLN
CRMXWD
CRMNWD
VANGS
VANGB
SHINL
NWNOFHD
iBLWR
OBLWR
INVLWR
CRLLWR
CCRLWR
COR! hs
Sllbaa
TELPLR
INFLWR
LRNFHR
ALFMLR
LCPFCLR

CAN, I

CORR,
VALUE

07270
0.8205
0,7408
06696
0.2934
00764
05983
£,1907
~0.0884
0.3432
-0.2444
+0,8668
7369
42093
03091
0.4467
0.2562
0,5945
02703
-0.8210
~0.4347
07636
+04786
06,2467

CAN. 2.

YALUE

0.2567
0.0459
-0.1082
-0.0746
-0,1924
03641
<0.1224
-0.1374
0.1564
~0511
0.2115
-0.0971
-0.0143
-0.2241
~6.5035
0.3423
00453
00372
02491
-0.5159
05599
00305
0.0966
02505

.

(%}

@52
061
(1.43)
0.99)
(2.54)
(481
1.62)
{181)
(2:00)
2.00)
(2.79)
(128)
039)
298
(6.65)
“52)
(0.60)
(0.49)
(3.29)
(153)
(7.39)
(0.40)
128y
(3.849)

e et A



STEP YAR.

1 INMXW
2z ‘TFLPLR
3 SHINL
4 PMXL
5 CORLWR
L] SR LLN
T APXAN
& LRMNWD
9 NVPAC
0 INFL
11 DBLWR
12
13 LNWDRL
14
15 PTLLN

VAR.

NO. ENTERED REMOVED

CRMNWD

SHINL

PART.
RZ

0.694
0330
0.100
0.095
0.057
0037
0032
0.026
0619
0.022
0,023
0013
0016
0.083
0.047

E

STAT.

335.20
12.52
16.38
1326

876
349
470
37
265
305
k)
183
220
042

U

WILKS'
LAMBDA

0,306
0.205
0.184
0.167
0.157
0158
0.147
0.143
0.140
0.137
0.134
0.136
0,134
0.434
0.332

Table £5++ Results of the Stepwise Discriminant Procedurs for femaje data.

AV.SQ
CAN.
CORR.

0.694
9,795
0816
833
0843
og4n
0853
0.857
0860
0.863
0.866
0.864
€866
0.366
0,868




STEP VAR.

1 NBR

2 NWNOFHD
3 FMXLN

4 TFLPLR

5  LRNFHR

6  NFLOR

7 SHINL

3 INTLN

g APXAN

10 RACMLEN
11 VACMXLN

12 1BLWR

1 LCPFCLR
14

15 usrs

VAR

NO. ENTERED REMOVED

TFLPLR

STAT.

37892
5322
1354
12,61

274
678
6,80
839
535
451

4.55
446
285
348

WILKS'
LAMBDA

0.263
0.188
0.074
0156
0.147
0.140
0133
0124
0.119
0115
ot
0.107
0163
0.104
0101

Tabie 16:- Pesulis of (he Stepwise Discriminant Procedure for male data.

AYSQ.
CANON,
LORR,

0.737
0812
0.829
0844
0852
0860
0.867
0876
0881
03885
0.889
0.883
0.897
0.896
0899
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5.0 DISCUSSION AND "AXONOMIC CONCLUSIONS "
5.1 Discussion ri
The results of this investigation indicate that the Srachylaena discofor - ¢ v

uniflora specics complex shoula be divided into two groups; 1, & coastal
group comprising B, discolor subsp. discolor, and 2. an infand sroup
comprising B. discolor subsp. tranvaclensis and 8. wniffora. Al three
analytical approaches that were nsed (cluster anatysls, PCA, and CVA)
support this division and it is consistent for both male and Temale data sets.
The inconsistencles between the treatments are relatively minor and these
ean be attributed 1o certain of the techniques employed as well ns the
smmaturlty of ccrtain of the specimens used.

The rosulty prosented arc all derived from standardised data and in some
inseances (Figs. 7, 9, 10, 12, 16, 13, 19, 2)) give the impression that there arc
farge and clcar differences between the groups, In reality though, the
dif(erenees botween the groups ace very much narrower although the proups
themsclves can 3tifl be cloarly discorned. As a rosult of this narrow
dilference and the geographical separation of the groups (although a certain
amount of gverlap di s oceur) it was decided to scparate thesc groups at the
subspecific Jevel.

Davis and Heywood (1963) definc the modern concept of a subtpecies as -
... n considerable segment of g spesics with a distinct aven and a more or

less distinct morphofogy, often showing same intergradation, . . . slso
extended to cover rogional ceotypes, and cescs whore taxa diffor in
chromosome number or are partly or incompletely intersterile and exhibit
some carrelated goographical or ccological differentintion but have an
insufTicient degree of morphologicat diffcrentistion to permit satisfactory

treatment as separate species.”

|




They also indicate that the division into subspecics can be Justificd if such
o division ofearly Fulfils a uselul purpose. Given the above, it Is clear that
the division of the B, discalor ~ wilflora specics complos at the subspesific
levet oan be Tully justificd even though details of the reproductive biotogy
and chromosome numbess arc unknown for cach of the elements of the
complex.

Paiva (1972) recognised two varicties of B. discolor subsp. discolor namely
var. discolor and var. mossambicensis based mostly on characters of the
involucre, These varioties are extremely difficult to tell spart and show
almost continuous variotion when analysed throughout the range of
diswibution. This variation is not clingl but rends to be rather unorganised
and devoid of any elear pattern, Due to the cxtreme vorlation snd the Fact
that the numesical methods used did not show any distinctive subgroubings
which correspond in anyway to *hese varietles it wis decided not to
recogaise this division,

The phenetic results add new information which makes it possible to
comment on the jdess of Hiltiard and Burtt (1971), Palva {1972), and
Hilllard (1980), all of whom suggest that hybridisation between two spucics
may be responsible for the wide range of variation that is observed within
the complex, The morphological differences between the groups have been
shown to be rather small and thus the cadpoints of each of the grouss are
not very e apart, In addition, the morphological variation dacs ot support
the notion that two distinct species with  series of intermediates, which
could hove resuited from hybridisation and the backerossing of thess
nybrids, clearly exists. Therelore, it scems most probable that hybridi ation
is not responsible for the variation ouserved within the complex.

Another idea suggested by these nuthors which indicates that there may be a
singéc specics showing clinal varintion jn the numbers of flowers in a head,
as well as in other associnted characters, which may be loosely linked to an
ccolopicnl cline, can also be addrossed af this point, There appears to be
some support for their lirst contention that the variation observed is clinal,

ORI



They also indlcate that the division into subspecics can be justilicd il such
2 division clearly fuifils a useful purposs, Given the abave, it is clear that
the division of 1be B, discolor - wniflora specics complex at the subspecific
ievel can be fully justificd even though details of the reproductive biology
ond chromosome numbers are unknown lor each of the clements of the
eomplex,

Paiva {1972} rccognised two varistics of B, discolor subsp. discolor namely
var, discolor and var, miossambicensis based mostly on characters of the
involucre, These varicties arc extremely difTicult to tell epast and show
almost continuous varistion when analysed throughout the range of
distribution, This variotion is not cling) but tends to be rather unorganised
and devoid of any ciear puttern. Duc to the extreme variation and the (act
that the numerical methods used did mot show any distinctive subgroupings
which corrcsmond in anyway o those varietics it was docided not to

recognise this division,

The phenetie rosults add new information which makes it possible to
comment o the idens of Hilliard and Burtt (1971), Paiva (1972), and
Hiltiard (1980), all of whom sugiest that hybridisation between two species
may be responsibic for the wide range of voriation that is obse:ved withia
the comptex, The morphologicat differcnces between the groups have been
shown to be rather small and thus the endpoints of cach of the groups are
not very far apart. In addition, the morphological variation docs not support
the notion that two distinct specics with o series of intermediates, which
could have resulted from hybridisation and the backerossing of these
hybrids, clearly exists. Thorefore, it scems most probable that hybridisation
is not responsible for the variation abserved within the complex.

Anather idea suggested by these uuthors which sadicates that there may be o
single pceies showing cfinal variation in the numbers of flowers in a head,
0s wiell s in other msociated characters, which may be loosely lirked to an
ccologienl clinc, can nlso be addressed at this point, There appears to be
some support Far their Mirst contention that the variation observed is clinal.
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It appears from the studies condueted that there Is a form of clinal
variation [rom the const to the inland regions but this is rather a loose
association 84 the variation tends to be unorganised, aithough the gencral
teend, from large heads at or near the Coast to smaller heads inland, is
ovident. Part of the re.son that this vasiation * not clearly or distinctly

linal may be due to the fact that therc are forfst rennuunds near the coast’

in son-e areas and becouse many of the areas between the coastal dunes and
the inland mountains in Natal have been ltost to agriculture (Moll and White,
1978) and thus prevent a more complete pleture [rom being observed. There
docs, however, appear to be o loose association with altitude, Most of the
wlants with Jurge numbers of floscts pes head arc found below 75m altitude
while In gencral the small headed plants are mostly found sbove this
altitude. This is not a strict detimitation as there arc stilf regions of overinp
50 that severaf large hoaded plants can be found above this altiwude, while
severat small hended plants can be found below it. Nonmctholess, this
altitudinal level apppoars to be the one Which most appropriately divides
the subspecies.

It would appear that the connection between the constal and inland groups
probably existed via the river sysiems, with elements of the coastal group
extending slightly inland up these river courscs and clements of the infand
grocps exiending almost to the const. Examples of this can be seen [rom
spccimens colicered along the Uvonga River, Natal (specimens 88, 89, 90, 91)
and others collected [rom the adjoining coastal region (specimens 92 and
93). Al the specimens collccted along the river veeur ot an altjtude of 75 -
100m, and they all, with the cxception of DWH 88, form part of the inlund
group, The individual DWH 88 is almost intermedinte between the inland
goup and the coastal group but is clearly placed within the constal group
by the numerical methods eraployed (Figs. 13 - 21). Specimens DWH 92 and
93 on the other hand both occur at 10m altitude and arc well placed within
the coastal group, All these specimens, particularly those along the river,
grow within u very shost distance of on¢ another (500m radius) and they
may be abie to interbreed, Tt seems highly probable that simifar areas of




overlap oceur at ather focalitics and these zones may provide many of the
more intermediate individuals that are observed within this group.

Clearly the relationships between the clements of the complex arc
complicated and several more sophisticated studics stiff need to be carried
out to Py ellucidate the relationships withia the complex. The present
study has shown that two groups are discernable within the complex but
that the distinction between ther is fairly marrew. Tt has also shown the
vaiuc of basing a study of this nature on the complete range of distribution
of the clements under consideration, The results , «ve alse shown the close
phenctie affinity of B. discolor subsp. trausvaalensi. nd B, wniftor: which
could not be satisfactorily separsted by the numerical methods employed.
Palmer and Pitman (1373) while writing about ‘8. transvaalensis' noted that

* The diffesences between this and Brachylaena uniflora are no longor clear
and o revision of the genus Is probably nccossary to detormine what they
sre”. Although this study wos only based on three taxa it has given some
indication ns to the phenctic relationships between these taxa and will help
16 give dircction to more comprehensive studies of the genus which may
follow in the future, Clearly what is needed now is a comprehensive study
of aff of the members of the genus &rachpiaena, both those clements present
on the continant of Africa and those en the island of Madngasear, in an
attempt to work out the relationships between cach of the specles of the
genus.

5.2 Taxonomy 1

Brachylacna discoler De Candolls, Prodr. $: 430 (1836); Harv. in Harv. &
Sosd., Fi, Cap, 3: 17 (1865); Wood & Evans ta Natal Plonts [ /*): 22,1 23 &
24 (1898}, Phillips & Schweickerdt in Bothalis 3 219 (1937); Hitliard &
Burtt in Notes Roy. Bat, Gard, Edinb, 31: 3 (1971); Paiva in Bol, Soe, Brot,
46, ser. 2 375 (1972 Hilliard in Comp. in Notal; 109 (1977).




Types: South Afriea, Cape, Uitonhago distr, Burchell 3751 (Lecto, here
designated: KI, Isolecto: G-DC).

Syn: B, nanalensis Sch. Bip. in Walp, Rep, 2 972 (1843) Hurv. in Harv, &
Yond., Fl. Cap, 3: 117 (1865). Type: Port Natal, Krauss 243 (GI).

Large shrub or irec up f0 ¢ 25m (30m) highi branches grooved, minutely
tomentosc or subglabrons. Leaves potioled, (4)5 - 17(19) mm long. lamina
(2.5)3.5 - 16.5(18) em long, (1)2 - 7 em broad, oblanceolate to clliptic obavate,
apex obtuse to broadly acute, base cuncate, marpins entire, repand or
irregularly or regularly serrute, glubrous above, white-tomentose bencath,
Iateral nerves (5)6 - 12(14) pairs, grooved above and prominent beneath.
Heads many (up to 200 resorded in a single raceme) in axillary and terminal
racemes or panicles (233 - 12 em long, Female heads 1 - 3034) flowered,
surrounded by involueral bracts In (3)4 - 10()2) series, shorter than the
pappus; invotucre (3)4 - 13(15) mm long, (3)2 7 (8) mm broad, campanlate,
rarcly funnel shaped; bracts ovate to lanccolate inwards, ustally woolly, the
inner bract long and lanceolate to fincar. Corolla tube (2.8)3 - 8.3(9) mm
tang, usually widened at the buse, sometimes 5 angled or 5 veined; lobes 035
+ 1,0 mm long, ovate to lincar, obtuse, more rarcly subacute. Style (35)4 «
10(11) mm long, cylindric, usually swollen at the base; lobes (0.4)0.5 - 1.0(1.2)
mm fong, ovate to lincar obtuse. Pappus 3 - 10(11) mm long, obscurcty
plumose. Achenes (2)2.5 - 4(5) mm long, linear in outline, grooved or angled,
veins (6)7- 0(11), thinly bairy or glabrescent, Male heads 1 - 60(62)
flowered, surrounded by Involuerai bracts $n (34 - %9) serics, shorter than
the pappus; Involuere (2)3 - 9(11) mm long, (1)2 - %9) mm broad, [enncl
shaped or subeyilndric; bracts ovate to lanccolate inwards, usual’  woolly,
the inner bract long and lanceolate to tincar. Corolln tube (34 - 8.5(9.5) mm
long, cylindric; [obes 1.0 - 2.5(2.8) mm long, lancealate 1o linear, vsually
obtuse, sometimes subacuminate and supacute. Filameats (0.7)0.9 « 2.3(2.5)
mm long, lincar; anthers ©9)LO - 3.5(42) mm long, Jincar acute, taited at
the base, Style (415 - 10(12) mm fang, cylindric; lobes (0.2)0.3 - 0.6(1.0) mm




long, ovate to lanceolate, subkeute; rudimentary ovary ncarly null Pappus
{2)3 - 6.5(7) mm long, less copious than in female florets

Brachyisena discolor was '3t describod by De Cundotle in 1836 and four
speclmens were llsted, These four specimens reprosent the currently
recognised syntypigs of B. discolor. The quality und avallablity: of the
specimens verles greatly. The Drege 5043 specimen is extremely puor, so
much so that it is not possible to say with any degree of certainty what sex
it is. The leaves have been badly damaged by insects and the florets do not
appear to be fully developed. The Eckion 1422 specimen appears to be in
reasonable shape but forms part of the De Candolle collection in Geneva (G}
and 35 therefore not sent out on lozn, thus restricting ‘1s usefulncss as o
type. Also, there do not appear to be duplicates of thia specimen housed
elsewhere.

“The two most compicte specimens are Burchelf 375( and Forbes sn. which
are both lemale and well preserved. There do mot appear to be any
duplicates of the Forbes specimen while the Burchell specimen is housed ot
Kew and has n duplicate housed at Geneva. Thus, the Burcheli specimen
3751 at Kew is nominated to represent the lectotype of B. discolor while the
duplicate specimen a1 Geaeva Is nominated as the isoicetotype,

Key to the subspecies of B, discoior

Shrob or tree up to ¢ 10m tafly involucre in femal $)7 - 10(12) serinte; in
maie § - 8 serlate; involucre (3)4 - 7(8) mm broad, i .- ber of florets per
head (4)6 - 30(34) in females, (12)I7 « 60(62) In m < . sostty constal in
distribution (usually belaw 75m altitude),

teneenes subsp. discolor

Shrub os tree up 10 o 25m tall; involuere le female (3)4 - 6() serinte; in
males 3 - S serinte; involucre (1)2 - 4(43) mm brosd, Number of florets ner
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head 1 -10(13) in females, 1 ~ 16 (21) in mnles. Mostly inland in distribution
{usually abore 75m altitude).
woenan . SEDSP. transvaslensis

wubspecies discolor

Syn: B. discoler subso, discolor var. mossambicensis J. Paiva in BotSoc, Brot.
46, ser2: 375 (1972). Type: Mozambique, Santaca, Maputo, Gomes ¢ Souse
3611 (Holotype: COL) Isotypes: B; K).

Largo shrub or tree ap to 10m high, Branches grooved, minvicly tomentose
or subglabrotis, Leaves petiolate. Female heads (4)6 - 30(34) flowered;
involucral bracts in (5)7 - 10¢12) series; involuere * % 13(15) mm long, (34
- 7(8) mm broad, shorter than the pppUS: *
Corolla tube (4)5 - 8.5(9.5) mm long, v

(04106 - 0.8(1.0) mm long, ovate to Hinear obtuse, more racely subacute. Style
(536 - 10011.5) man long, oylindric, usually swollen ot the baso; lobes (0.50.6 =
10(12) mm long, ovate to lincar obtuse. Papgus (5)6 - 1(11) mm long,
obscurely plumose. Malc heads (12)17 - 60(62) Flowered; fnvolucraf bracts in
(@5 - 709 serics; involuere (4)5 - 9(11) mm long, (3.514 - 7(9) mm broad,
funnel shaped 0 .sflndric, Corolla tube (45)5 - 85008 wm long
evlindrie; lobos (1. - - 2.5(28) mm long, lanceolate to linear; anthers
(1622 - 3.5(42) mt. sng, linear acute tailed at the base. Style (6)6.5 -
10{12) mm long, cylindric. Pappus {3)4 - 6,5(7) mm long, less copious than in

luncealate inwards.
sed at the base; lobes

femate florots.

Members of this subspecics are mostly coastal in distributio . 1nd arc usually
round befow 75m aftitude, They occur along the emtire soi - aastcrn coust
of southern Africa from Port Elizabeth in the sowh te I'wraruto Istand,
Mozambique in the north,




Representative epecimens

Localities and herbaria have been cited according to Edwards and Leistner
(1971) and Holmgren et. &l (1981) respectivety.

Female mateeinl

- 2335 (Inhambane): Inhambane (-CD) Gomes ¢ Sousa 1667 (PRE)

- 2532 (Maputo): Lourenco Marques (Maputc), Costa do Sof (-DC), G. Cedro
107 {(PRE)

- 2632 (Bela Vista): Inhaca Islasd (-BB) Myre & Carvolho 2569 (PRE), Breyer
20442 (PRE)}

- 2632 (Bela Vista): Kosi Estury (-DD) Haines 199 (1), Hoines 200 (1)

- 2732 {Ubombo}: Mseleni, Lakie Sibayi district (-BC) Haines 206 (1) Mkuzi
Game Reserve (-CA) Haines 209 (T Faisc Gay Park, Lake St Lucla (-CD)
Ward 7137 (PRE. NH), Haines 186 (1)

- 2832 (Mtubatuba), Fenies Island, Lake St. Lucie (-AB) Haincs 187 (J):
Enselent, north west of Richards Bay (-CA) Huines 181 (3); Richards Bay (-
CB) Strey 9909 (NH): Richasds Bay, Meerensee {-CC) Haines 166 (J}

- 2831 Wkandla): Mtonzini, Umiatazi (-DD) Haines 159 (/)

- 2031 {Stanges} Tinley Manor (-AC) Haines 151 (U Tugela Moutf (-BA)
Malnes 155 (% Tongaat Deach (-CA) Strey 8782 (NH, NU, PRE) Bluff,
Durban (-CC) Haines 140 1)

- 3030 (Port Shopstone): Amenzimtoti, Durban distr, {-BB) Strey 8789 (NH,
NU, PREX Kelso (-BC) Huines 114 (J): Scottburgh (-BD) Haines 129 (I}
Umientwen (-CB) Halucs (04 (J): Shelley Beach, Port Shepstone distr, (-CD)
Strey 7658 (NW, NU, PRE): Hibberdene {-DA) Haincs 130 (J)

- 3130 (Port Tdward): Port Edwird (-AA) Strey 8859 (NH, NU, PRE)

- 3129 {Port St Johns) Coffee Ray, Transkei («CC) Haines 295 {3)

- 3208 (Bulterworth)y Dwesn, Transkes (-BD) Hoines 288 (I Kei Mouth (-CC}
Fiaines 283 {J)

- 3327 (Peddic) Great Fish River Mouth (-AC) Haines 251 (I} Between
Beghu Mou b and Mgwaluan (-AD) Haines 254 () Kaysers Bench, East




M O

Lendon distr{-BA) Fulnes 260 (3} Leneh's Bay, East London distr. (-BB)
Haines 266 J)

- 3326 (Grahamstown: Cannon Rovks (-CD) Haines 235 (J) Kasouga, west
beach /-DA) Britten 2300 (GRA): Port Affred, west bank of Kowie River (-
DB) Tyson 54 (GRAY, Britten 773 (GRA)

- 3325 (Port Biizahoth): Sordugs Rivier, Port Elizabeth distr, (-DB) Haiies
227 (7): Humowood Beach, Pory Elizabeth (-DC) Haines 220 (J): Delagoa Bay
{sphalm. Algoa Day) (-DC/BD) Forbes sp. (K

Male materizl

- 2135 (Bazarvto): Buzaruto Island, Ponis Estine Marsh (-CB) Mogg 28679
(PR

- 2532 (Maputo): Lourenco Marguos (Maputo), Costa do Soi (-DC) Grandvaux
Basbosa 8661 (PRE)

- 2632 (Bela Vista): Inhaca Istand, Ponta Puindini Fotest (-8B) Mogg (,
PRE)

- 2632 (Beln Vista): Kosi Estury (-DD} Haines 198 (J) Huines 201 (1)

- 2732 (Ubombo): Mscleni, Lake Sibayi distr. (-BC) Law 5 (NBG); Haines 206
() Mkuzi Game Reserve (-CA) Huines 207 (I: Faise Bay Park, Lake St
Lucia (-CD) Taylor 610 (NH)

- 2332 (Mtubatuba). Fanies Ialand, Lake St Lucia (-AB) Haines 188 (Ix
Enstleni, north west of Richards Bay (-CA) Haines 130 (J) Richards Bay (-
CB) Ward 5806 (NH, NU,): Richards Bay, Meereasce (-CC) Halnes 16 (3)

- 2831 (Nkandla); Mtunzini, Umlalazi (-DD) Haines 160 (1)

- 2931 (Stanger): Tinley Manor (-AC) Haines 50 (J): Tugela Mouth (-BA)
Halnes 156 (3 Zinkwazi (-AD) Halnes 157 (1) Tongaat Beach {-CA} Strey
8783 (NH, NU, PRE); Umblanga Racks (-CA) Moll 181§ (NH, NU, PRE):
Bluff, Durban (-CC) Halnes 141 ()

- 3030 (Port Shopstono): Amenzimtoti, Durban distr. (-BB) Stecy 8793 (NH,
NU, PREJ: Kelso (-BC) Haines 113 {1): Scoutburgh (-BD) Haines 128 (3
Unmteutweni {-CB) Haines 103 (I): between the Umzimkulu and Umtenty
Rivers (-CB) Drege 5043 (G-DC, K} Uvongo (-CD) Strey 8822 (NH, NU,
PRE): Hibberdene (-DA) Haines 109 (1)

S




- 3430 (Port Edsward) Part Edward {-AA} Haines 48 {J)

- 3129 (Port St. Johns) Colfec Bay, Transkei (-CC) Haines 294 (J)

- 3228 (Buttsrworth) Dwesn, Transkei (-BD) Haines 287 (I): Kei Mouth (-CC)
Haines 284 (1)

- 3327 (Peddic) Great Fish River Mouth (-AC) Haines 250 (J): Between
Begha Mouth and Mgwalana (:AD) Haines 255 () Kayscrs Beach, East
London distr, (-BA) Haines 261 (J): Leach's Bay, East London distr. (-88)
Haines 265 (J}

- 3326 (Grahamstown); Kenton - on - Sca (-DA) Haines 242 (J): Port Alfred,
west bank of Kowie River (-DB) Schonland 3304 (GRA): Cannon Rocks (-
DC) Haines 237 (1)

« 3325 (Port Elizabeth): Sondags Rivier, Port Elizabeth distr. (-DB) Haines
288 (J): Humewood Beach (-DC) Haines 222 (J): Uitenhage distr. (-DB/DCY)
Eeklon 1422 (G-DC)

- 3425 {Skoenmakesskop): The Island State Rorest (-AB) Haines 224 (3)

subspecies transvaaleasts (Phillips & Schweickerdt) 3Paiva
Type: South Africa, north castern Transvaal, between Woodbush and
Haenertsberg, Hutehins sn (Lecto, here designated: Ki),

Sy B, uniflora Harv. in Harv. & Sond., FI. Cap. 3 [17 (1865); Phillips &
Schweickerdt in Bothatia 3: 211 (1937). Type: Natal, on mountain ranges 30 -
60 miles from the ses, Sutherland sn (KY).

Sym: B. transvaalensis Phillips & Schweickerdt in Bathalia 3: 214 (1937);
Hitlisrd & Burtt in Notes Royal Dot Gard, Edinb, 31,1t 3 (1971). Type: South
Africa, Transvaal, Pictersburg, between Woodbush and Haenertsbers,
Hutching sn (K.

Large shrub or tree up to o 25(30)m tail. Branches grooved, minutely
tomentelious or glabrescent, Leaves petiolate. Female heads | -10(12)(13)
Tlowered; invoiuerat bracts in (3)4 - 6(7) serics; invouerc (3}4 - 8(9) mm long,
(1)2 - 4(4.5) mm broad, shorter than the pappus; bracts ovate to lanceolate




inwards. Corolla tube (23)3 - 5(6) mm long usuatly widened at the base;
tobes (0.35104 - 0.K0.9) mm lang, evate 1o linsar obtuse. Pappus 3 - 6{7) mm
long, obscurely piumose. Male heads 1 - 16{21) Mowered; involucral bracts in
(3)4 - § serics, shorter than the pappus: involucee (233 - 4.5(5) mm fong, (1)2
- 4 mm broad, funnel shaped to subeytindric. Corolia tube (34 - 5(6) mm
long, cylindric; lobes | -2 mm long, fanceolate to linear, usually obtuss,
sometimes subacaminatc and subscute, Filiments (0709 - L5 mm long,
linear; anthers (909 1 - 2.5 mm long, lincar acute, tiled at the base. Style
(4)5 - 6(7.5) mm long cylindric. Papus (2)3 - 4 mm tong. less copious than in
female Clorets.

Members of this subspecies have a predominantly inland distribution and
usuaily sccur above 75m altitude. They occur as (orest clemens in the Natat
region and extend into the Transvaai through the morthern Natal region and
across Swaziland

“The typc of Brachyluena discolor subsp. transvaalensis presents something of
a small problem. According to G. Li. Lucas {pers. camm,, 1987), keeper of the
Kew hesbarium, when Phillips and Schweickerdt described A. iransvaalensis
in 1937 they cited ihe holotype as *Pletersburg distes Forest botween
Woodbush and Haencrisburg, 4 000 - & 000 (1, Hutckins (typel deposited in
Herb. Hort, Bot. Reg. Kew)' and lates in the same paper commented “The
specilic epithet was given Uy Dr. J. Hutchinson but no deseription
sublished.”

There are three sheets at Kew that are possible contenders (or type status,
Al three of the sheets bear a det slip with the name 'B. transvaalensis
Hutchinson' and the stamp ‘Flora of Transvani - Det. § Burit Davy, Kew,
1920 - $923', The writing is in a varicty of hands and sccording to Lucas
(pers, comm., 1987) nonc of thesc is that of Burtt Davy,

When viewing the typed manuscript copy of "A Manual of the Flowering
Plants and Ferns of the Trensvaal and Swagifand, South Africa”, it is




apparent that there are two sheeis thot correspond to the D, E. Hutchins
colleation, One has a label In Hutchins' hand and is dated 27/5/03 with a
rate in another hand ‘Reed. Oct. 10, 1903 The other sheet, which has a
“Type Specimen’ fabel on it merely has an abbreviated locality written onto
the sheet and the datc Oct. 10, 1903, The namc ‘4. transvaalensis

Hutehinson's hand. The two specimens arc also different in appearance in
that they have quitc different icaf marging, The third shect is part of the
'Oranje’ collection. This sheet also has a duplicate of the label appearing on
the *Hutchins' sheet as welf as a label with the colicctors name ‘Oranje’ on
it. Both of these labels cannot belo.. . 1o the same specimen as the collection
date on the 'Oranje’ label is ‘Oct, i905' thereforc this specimen was not

cansidercd for the type material.

|
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Hutchinson® is written in pencil on the shect but this is apparently not in i
When Pajva (1972) transferrcd the taxon to subspeeific rank under 8.
d

discolor he merely duplicated Phillips and Schweickerdt's citation of the
holotype, Te avoid further confusion the Hutchins specimen with the label

|

]

in Butching' hand and without the ‘Type Specimen' label is nominated to X
represens the lectotype of B, discolor subsp. transvaalensis.

|

Representailve specimens
Female materizl

2230 (Messina): Tato Yondo, Venda (-CC) Haiaes 330 (J), Hemm 268 (4} f '
2229 (Waterpoort): Blucgumspoort, Lovis Trichardt (-DD) Haines 324 (f) M .
<2330 (Tzanecn) Modjadfi Natyre ReServe {-CB) Haines 339 (5}
Magoboesklool (-CC) Haines 333 ()}
-2329 (Pictersburg): Ben Lavin Nature Reserve, Louis Trichardt distr, (-BB)
Haines 322 (J): Woodbush State Forest (-DD) Haines 338 {I) i
~2430 (Pilgrim's Rest) Thabina, nr. New Agatha (-AA) Haires 342 () i
Maricpskop, Kiascrie distr, (-DB) Haincs 345 (1), Mount Sheba (-DC) Haines
344 (1)
i




2429 Makopo:s Valley, distr. (-AA) Haines 316 (1)
-2531 {Komatipvort): Kaalrug, Kaapmuiden distr. (-AD} Haines 301 (Ix
Koedoeskop. Kaapmuiden distr. (-CB) Haines 298 (1)

2530 (Lydenburg): Schoemanskioof, Nelspruit distr. (-AD) Haines 296 (J)
Long Tom Pass (-BA) Huines 308 (I): Rictfontein State Forest (-BB) Haines
310 () Berlin State Forest {-DA) Haines 305 (J)

-2732 (Ubombo). Gwalaweni Forest, Jozini distr. (-AA) Haines 213 (J}

-2731 (Louwsburg); Ngome State Forcst, Vryburg distr, (-CD) Haines 218 (V)
-2831 (Nkandla): Nkandla Forest, Nkandla distr. (:CA) Forbes 766 (NH,
NUY Edwards 1529 (NH, NU)

~3030 (Port Shepstonc): Dumise, nr, Dumisa Station (-BC) Haines 119 (Ix
Scottburgh South (-BD) Haines 127 {J): Oribi Gorge Nature Reserve (-CB)
Haines 97 {7 Uvongo River (-CD) Strey 8824 (NH,NU)

~3130 (Port Edward) Port Edward, Pont Drift (-AA) Hatncs 39 (1)

Male material

<2230 (Messina); Tato Yondo, Venda (-CC) Haines 329 (1), Hemm 268 (1)
2229 (Waterpoort); Bluegamspoort, Lovis Trivhardt (-DD) Haines 323 (1)
-2330 (Tzancen): Magoboeskloof (-CC) Haines 334 (J): Betwoen Woodbush
und Haenertsburg (-CC) Hotehins sa (K)

<2329 (Pietersburg}: Woodbush State Forest (-DD) Haiaes 335 (7}

-2430 (Pigrim's Rest) Thabins, nr. New Agatha (-AA) Halnes 343 (J): Mount
Sheba (-DC) Kerfoot K869 (1)

2425 (. : Makapan Valley, distr, {-AA) Haines 317 (J}
<2531 (Komatipaort); Knalrug, Kaapmuidea distr. {-AD) Haines 302 (J):
Kocdoeskop, Kaspmuiden distr. (-CB) Haines 299 (§)

2530 (Lydenburg): Long Tom Pass (-BA) Haines 309 (J): Bergvlict Forest
Rescrve (-BB) Haines 312 (3): Berlin State Forest {-DA) Haines 307 (1)

~2732 (Ubomba): Gwalaweni Forest, Jozini distr. (-AA) Haines 214 (1)

<2731 (Louwsburg): Ngome State Forest, Vryburg diste. (-CD) Haines 217 {I)

|
\




-2831 (Nkandie): Nkandla Forest, Nkandla distr, (-CA) Haines 173 (J) Ngoya
FPorest, Miunzins distr, (-DC) Haines 176 (1)

-3030 (Port Shenstone): Dusmiss, nr. Dumisa Station (-BC) Haines (20 (%
Scotburgh South (-BD) Haines 126 (J) Oribi Gorge Nature Reserve {(-CB)
Haiacs 96 1)

<
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APPENDIX IA

Pearsons and Spearmans Correlation
Coefficients for the Female Data Set
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0,23236 017399
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PEARSQN CORRELAT (04 COEFFIGIENTS / PROB > IRI UNDER HO:RHO=O / N = 150
RAGMLEN  INTNDLN NoR iRt OBKe  IBRW  OBRW  INMXL  INWKW  PNXL  LBRP  INFL (NFR

CORLWR  -0,03477 0,00191 0.80773 0.72087 03067 036361 061963 090408 079683 O0,99981 0.638%% 0.0813¢ 0,076
0.5056 ©0,9813 0,000 0.0001 0.0061 0.0005 90,000 0.0001 ©.0001 0.0001 0.0001 0.0001 0.0001

CORLMR -0,00204 0,04293 07176 0.90153 O,TIMTT 0.31131 006303 006010 o,78206 0,57ush 0,531 003102 0.717he
9802 0,6017 0.000F 0.0001 5.0001 0.0001 0.0007 6,000) 0.000T 06,0001 ©0.0001 0.0001

STLLER  -0,05051 -0,10809 0.619K3 0.7692 0,TWion 0.26052 9.641r2 0.7ule 0.6%1p7 O 3luee NSz O.7ases 005139
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RACMLEN  D.0UODI -0.0HIT5 0.31634 -0,00277 =0.08462 0,12678 0.1908M 0.00087 0.01195 0.3G122 004957 004419 0.02705
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1BRL 0.04436 0.32377 =0.17554 =0, 19623 -0, 38106 -0.49676 -0,10434 0.39U37 -0.26209 0.31395 0,32686 0.07790 -0.39340
6.5899  0.0001 0.0317 ©.0161 0,0001 0,0001 0.203 0.0603 0.0008 0.0001 0.0001 0.343  0.0003
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6.6347 0.6%h0 0.5728 0,911 0.0228 0,0363 0.891) 0.0129 0.0639 0.0479 0.1077  0.8167  0.0221
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PEARSON CORRELATION GOEFFICIENTS / PROB > {RI UNDER HOIRHO=O / N = 150
VANGS  VANOD  MHWDL  SHIML LNWDRL  WALKL  MAWDL  APKAN  APKPS  BSAN  BSPS  SVINS  NSEGV

iNFL 0.05183 0.31948 -0.21344 -0. 16575 ~0.35513 ~0,50906 -0. 4757 02778 -0,27699 0.41868 0.32417 0,07747 ~0.30482
0.3288  0.0601 0,0087 0.0427 0.0001 0,0001 0,6715 6.0006 0.0088 0.0061 6.0001 0,343%  0.0002
(G0 903270 20531 -0,19879 -2 -0.18062 -0,50876 -0, 11704 0.42i60 -0.257¢ 0.08110 0.3oal2 01282k ~0.0285
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9.9273  0.0770 135 0.0600 0.000¢ o632 0,0001 0.0429  0,0027 0,07

LNWORL
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0.3030 0.0670 0.0607 0.0001 0.8001 4.0007 §.0000 8.17hz ©,0268 D.00M  0.1583 0.3997  0.0151

APXAN 0,07901 018064 000280 =0,38756 <0,40628 -0.412T 011153 1,00000 -0.hsauD 0.22604 0.0183 O,18304 -0, 1ats1

0,336 0.0276  0.9729 0.0001 6.0901 0,174z 0.0000 0,0001 0.0052 0.8952 0.0250  0.04H3
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a.60he  8.0821 0260 0.4632 0.2350  ©.0003 0001 8,0000 6.2977 0,880  6.0891
BsAf O,17041 0,37385 0.36652 -0,32193 061067 ~0.21188 0.42333 0.22004 -0.07430 1.00000 0.57824 023353 -0,08401
0.0371 0.0001 0,0001 0.000f 0.0001 0.0092 001 4.0032 0.3636 ©,0000 G.0001 0.00M0 05715
asps 0,21k 0,37a78 0.170G8 0,16359 -0,10032 -0.02541 0.11308 001085 -0.08560 0,572 1,008 006858 00059
9.0029 0207 9.0429 0,0513 0,7576 0.1653 D.8952 0.2977 0,0001 95,0000 0,4781 0.2921
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PEARSON CORRELATION COEFFIGIENTS / PROB > IR] UNDER HD:RHO=0 / N = 150
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6.0016
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