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above all the syn rically cuneate leaf-pases can be used to separate G.

flava from G. bicolor.

For specimens from Swaziland, Compton (1976) separated the two species
by the pubescence of the leaf surface. G. bicolor has a hairless upper

face, while G. flava is finely grey-downy above.

The aim of this study was (1) to evaluate the distinction between the two
“species”, to determine whether they should really be recognized; and if so,
(2) to find the ...1in diagnostic characters, and (3) to evaluate the previous
treatments by Merxmduller, Burret and Wild. Quantitative phenetic analyses

were perforn 1 on 211 herbarium specimens from 6 countries.

Materials and Methods

Materials

This study incorporated 211 herbarium specimens from South Africa,
Namibia, Botswana, Zimbabwe, Mozambique and Kenya. Fifty three
specimens were obtained on loan from the National Herbarium in Pretoria
and 159 specimens on loan from the National Herbarium in Windhoek (WIN).
Sterile and flowering/ fruiting specimens were used, since most of the
diagnostic characters are vegetative. Each specimen served as an
operational taxonomic unit (OTU), and was assigned a numerical code for

reference. Details of each specimen are provided in Appendix 1.
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visualize (Sneath and Sokal, 1973). Missing values are also taken into
account. A triangular matrix is produced, which lists the level of similarity or
dissimilarity k  ween OTU’s. In order to visualize the s..._larity or dissimilarity
between the OTU’s, they were clustered together using the clustering

program in NTSYS.

Clustering of the OTU's was done in the sequential agglomerative
hierarchical nes 1 (SAHN) clustering module (Sneath and Sokal, 1973). The
FIND option was used to find all the possible trees, and the maximum number
of tied trees were 25The phenogram was produced using UPGMA
(unweighted paired-group method using arithmetic averages). This method
involves equal weighting of OTU’s and examines the dissimilarity matrix for
most mutually similar pairs (Sr ith and Sokal, 1973). UPGMA is generally
preferred to other methods, because it minimizes distortion of inter-OTU
distances during clustering (Rohlf, 1998). The dendogram reflects the
maximum phenetic differentiation, if any, (as computed by the Distance
cc ficient) between taxa. The cluster analysis also implies to what degree a
group of taxa are phenetically different by the distance values calculated on

the dendogram.

Principal component analysis (PCA) was performed to determine which of the
characters are predominantly responsible for the groupings of the clusters.
PCA is widely used as a dimension-reducing technique, to summarize as
much of the information (variation) in the data as possible in few dimensions

(Thorpe, 1983) so that the data can be displayed effectively on a two- or
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¢ width. The aim of this was to show whether these two characters can

separate tt  OTU’s into two groups.

Results
Clus! analysis
A hierarchical cluster analysis grouped the OTU’s into two major clusters
(Fig. 3). Cluster A consists of 2 subclusters: cluster A1, which includes the
majority of s : . 2ns that have preliminary been identified as G. flava, and
ten G. bicolor’s (marked e), and cluster A2, which includes mainly G. bicolor,
«cept for 5 specimens ...arked x). Cluster B includes 13 G. bicolor
specimens from northern Namibia, which all have noticeably large leaves.
The first two subclusters do not reflect any geographic variation pattern,
neither a trend in cha :ter variation. The branches on the phenogram are
short, and indicate that there is no significant difference between the OTU's

from cluster A and B and the various subclusters.

Ordination

The first three principal components accounted for 71.96% of the variation
(Table 1). The associated eigenvectors for the first three components are
represented in table 2. The first component shows, that the strongest
influencing factor is leaf width valued at 8.81and leaf length at 8.51. The
larger the value, the stronger it is. The second component is strongly
influenced by the size of the serrations on the leaf margin, with a value of

7.80.
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