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ABSTRACT

Drimiopsis Lindl. & Paxt. is one of many genera within the Hyacinthaceae that have
not been comprehensively reviewed. In this study, a comprehensive systematic
revision of Drimiopsis is accomplished through examination of the anatomy,
morphology, phytochemistry, DNA and cytology with the express aim of establishing a
phylogenetic classification. Results of the research include amongst others, character
and taxa diversity, identification keys as well as the delimitation of the genus from the

other closely related genera of the subtribe Ledebouriinae U. & D Miiller-Doblies.

The phylogenetic species concept, a character-based approach inferring phylogeny via
hierarchical distribution of characters, is preferred in elucidating the phylogenetic
history of Drimiopsis and reviewing its taxonomy. To this end, both a phenetic and a

cladistic analysis were done.

This study also adopts a bifurcatus investigative approach encompassing generic
concepts in the Ledebouriinae to enhance phylogenetic inference with respect to
Drimiopsis. Ambiguities exist in the concept of Drimiopsis that cannot be fully
understood in isolation. An analysis of the most immediate sister taxa namely, Resnova
v. d. Merwe and Ledebouria Roth gives a better resolution of interspecific and

intergeneric variation in characters and states as well as relationships.

The leaf epidermis displays taxonomically significant cell arrangement, morphology
and stomata characters. Anatomical characters confirm the morphological
differentiation of epidermal cells. Phytochemical analysis of D. burkei Bak. extracts
revealed six novel structured homoisoflavonoids and a scillascillin. The genus
Drimiopsis has basic chromosome numbers x = 10 and x = 11. The former is
predominant in southern African taxa, the latter in tropical African taxa. There are
distinctive intergeneric variations in the bulb, leaf, inflorescence, flower and pollen

-~~~ characters within the Ledebouriinae.



The phenetic analysis of leaf, flower, pollen and phytochemical characters all
demarcate Resnova, Ledebouria and Drimiopsis, clustering Resnova with Ledebouria

throughout.

The consensus cladogram of the cladistic analysis emphasises the monophyly of the
three genera and supports the subtribe grouping of the Ledebouriinae. The total
evidence analysis of morphological and available DNA data produced a well-supported
and resolved tree similar in topology to the tree based on morphological characters
alone. The nodes that were not resolved in DNA data analysis were resolved with the

addition of morphological data to the matrix.

The genus Drimiopsis, now consisting of 18 species, is endemic to Africa with disjunct
distributions in southern and tropical Africa. Thirteen of these species are endemic to
southern Africa and five to tropical Africa. This study recognizes the current nine taxa
endemic to southern Africa. Of these two are elevated to species rank and four new
species are described. The four taxa currently endemic to tropical Africa are recognized

of which two are elevated to the rank of species. Two species are resurrected.
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1. INTRODUCTION

1.1 BACKGROUND

The family Hyacinthaceae Agardth (Liliaceae Juss. sensu lato) [synonyms: Scillaceae
Vest (1818, Anleit. Stud. Bot.: 267, 284), Scilloideae Kosteletzky. (1831, Allg. Med.-
Pharm. Fl. 1: 168), Eucomidaceae Salisb. (1866, Gen. Pl.: 16) and Lachenaliaceae
Salisb. (1866, Gen. Pl.: 20) Reveal (1999)] is part of the superorder Liliiflorae, order
Asparagales (Dahlgren, 1980). The majority of plants in this family consist of
rhizomatous perennial herbs, with fleshy roots or bulbs as well as a basal aggregation of
leaves. The inflorescence is commonly a raceme; the flowers regular, perfect, trimerous

and tepalous.

The Hyacinthaceae consists of ca. 42 genera with the highest diversity occurring in
southern Africa, followed by the Mediterranean region and south-western Asia (Pfosser
et al., 2003). The Hyacinthaceae currently comprises five morphologically similar
subfamilies delimited mostly on phytochemical data (Speta, 1998a, 1998b; Pfosser et
al., 2003). The Chlorogaloideae Speta is confined to North America and the
Oziroéoideae Speta to South America. Of relevance to Africa, are the Urgineoideae
Speta, with bufadeinolids, Ornithogaloideae Speta with cardenolides and/or protein
crystals in their nucleus, and the homoisoflavanol rich Hyacinthoideae Link (Link
1829).

The Massonieae Bak. (1870b, J. Linn. Soc., Bot. 11: *355), one of two (Speta, 1998b)
or three (Manning et al., 2004) tribes of the Hyacinthoideae, comprises around 3045
genera found in Africa south of the Sahara and into India (Speta, 1998b). The tribe is
diagnosed through the presence of bulbs, spotted leaves, and seeds without a superficial
cellular pattern as well as connate stamens, introrse anthers and a three-celled ovary
producing a loculicidal capsule. Miiller-Doblies & Miiller-Doblies (1997) place species
of the Massonieae from southern and eastern Africa having a “tropical growth-form
with iterative innovation” into subtribe Ledebouriinae U. & D Miiller-Doblies, thus
separating Drimiopsis Lindl. & Paxt., Resnova v. d. Merwe and Ledebouria Roth from

the other Massonieae endemic to South Africa with annual innovation.

Miiller-Doblies & Miiller-Doblies (1997) characterize the Ledebouriinae on the



/
»
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occurrence of two basal ovules in each locule—according to Speta (1998b) the ovules

are side by side in Ledebouria—leaves without sheathing cataphylls and several
inflorescences to a tuft of leaves. Of the three genera in the Ledebouriinae, it is only
Ledebouria that occurs in the Mediterranean region, India, as well as Africa and

Madagascar. Drimiopsis is endemic to Africa south of the Sahara while Resnova is

, restricted to southern Africa.

/ Manning et al. (2004) disagree with the Miiller-Doblies & Miiller-Doblies (1997)
/ classification of the tribe Massonieae. Their phylogenetic analysis of the Hyacinthaceae
resolves the Massonieae into a polychotomy of five clades, one of which is the genus
Ledebouria. This Ledebouria clade houses Drimiopsis and Resnova. It is characterised
by “lack of bracteoles and by its globose or top-shaped ovary containing two ovules per
locule.... most species have spotted leaves and often produce more than a single

inflorescence per plant in one growing season, and the bulb scales are often rather

/ loosely packed and in many species produce fine threads” (Manning et al., 2004).

Manning et al. (2004) also consider differences between Ledebouria and Resnova

qualitative and dismiss tepal differences in Drimiopsis as a pollination adaptation.

Separate revisions have been done on southern African and tropical African taxa of
Drimiopsis (Baker, 1896 &1898; Jessop, 1972; Stedje, 1994; Miiller-Doblies & Miiller-
Doblies, 1997) producing varying taxonomic opinions. No monograph of the genus
exists to date. Plant descriptions in these revisions are minimal—to a lesser extent so in
Baker (1896 & 1898). Character and character state allocation is either inconsequent or
entirely lacking, making taxa determination difficult. I assume this may be because of
journal volume restrictions, as there appears to be a decrease in the volume of

taxonomic descriptive works in journals over the years.

1.2 HISTORY

The history of Drimiopsis is intimately interwoven with that of Scilla L. (Linnaeus
1753, 1758), one of the most species-rich bulbous genera, as the synonymy list to most/

names currently recognised will attest. Many species initially described as belonging to

Scilla have found their way to Drimiopsis, Resnova or Ledebouria (see Taxonomic

Treatment, Chapter 12). Resnova, since its inception in 1946, has produced various

subsequent combinations in Drimiopsis, compounding the taxonomic complexities.
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Scilla sensu lato is, on account of DNA data, not monophyletic (Stedje, 1998; Pfosser
& Speta, 1999; Wetschnig et al., 2002). The distinct sub-Saharan Scilla clade is now
the genus Merwilla Speta (Pfosser & Speta, 1999; Wetschnig et al.,, 2002)—there is
consensus that Drimiopsis, Ledebouria and Resnova form their own clade (Wetschnig

& Pfosser, 2003; Pfosser et al., 2003).

Lindley and Paxton (1851-1852) first described Drimiopsis as a monotypic genus
based on Drimiopsis maculata Lindl. & Paxt., a species described from material
received by the Horticultural Society (London) from the Cape, South Africa.
Drimiopsis was characterised by “...a white fleshy bulb... few broad, fleshy, oblong
leaves, 6-8 in. long, rolled up at their base... form a kind of channelled petiole;
...abundantly clouded with dark green oblong stains upon a paler ground. The scape
tapers, and is about as long as are the leaves, terminated by a close raceme of half
closed campanulate flowers; the lower of which are pendulous, the upper white and
erect, both sepals and petals are herbaceous, ovate, cucullate, concave and united at the
base; the petals are rather shorter and broader than the sepals. The stamens are six,
equal; their filaments inserted by a broad base upon the sepals and petals; the anthers
are ovate and turned inwards. The ovary is ovate, roundish, undivided, gradually
tapered into a style with a simple minute stigma; in each of its three cells erect a pair of

anatropal collateral ovules” (Lindley & Paxton 1851-52).

Although Lindley’s main interest lay in orchids (Lindley, 1834-37; 1838; 1852), he co-
authored D. maculata with Paxton, who also was a keen botanist and publisher (Paxton,
1834-49; Lindley & Paxton, 1882-1884). Of note is the nomenclatural inaccuracies
demonstrated in the authorship of Drimiopsis. Baker (1870a, 1896,1898), Van der
Merwe (1946a, 1946b), Jessop (1972), Dyer (1976), Arnold & De Wet (1993) and
Miiller-Doblies & Miiller-Doblies (1997) recognize Lindley as the sole author.
However, the original description of the genus specifically states “We therefore
propose it [Drimiopsis] as a new genus” (Lindley & Paxt, 1851-52: 73). Stedje (1994),
-~ ~Speta (1998a & -1998b), Kativu (2000), Lebatha ez al. (2003), Manning & Goldblatt
(2003) and Lebatha & Buys (a & b, in press) provide the correct autl;o; 7cit;1t7i(;n.
However Manning et al. (2004), differing from Manning & Goldblatt (2003), refer to
the new combination as “Ledebouria petiolata J.C. Manning & Goldblatt, nom. nov.,

pro Drimiopsis maculata Lindl.” (Manning et al.,2004: 561).



Baker (1870a, 1874b) initially described tropical African species, namely D. botryoides
Bak. and D. barteri Bak., separating them on the basis of leaf shape. He also described
D. kirkii Bak. (Baker, 1874a) and later D. perfoliata Bak. (Baker, 1878), both from Dr.

Kirk’s Zanzibar collection.

During that time, Engler (1895), as the Director of the Berlin School of Botany,
contributed by describing a broad-leaved tropical African species, D. holstii Engl. He
also described Scilla fischeri Engl. that was later transferred to Drimiopsis (Stedje &
Thulin, 1995).

Later, Baker (1896), in what may be considered as the first account of southern African
Drimiopsis, discussed seven species. Six of these species he described as new,
delimiting them on the basis of leaf and perianth dimensions. Baker appears to have
focused on differences (i.e. the splitter approach) between taxa e.g. although he
grouped D. maculata with D. minor Bak. on the basis of distinctly petioled leaves with
a cordate blade, he distinguished them on the basis of leaf and flower size. Leaf length
has been found unreliable, as it is generally a function of plant age. The differences in
perianth size as stipulated by Baker are infinitesimal, 0.4 and 0.3 cm long respectively.

D. woodii Bak. and D. maxima Bak., also possessing distinct petioles, were separated
from the former two through the occurrence of a leaf blade narrowed at the base. D.
woodii and D. maxima were in turn delimited on the basis of a raceme being 6.6—11 cm
or 1.1-2.2 cm long respectively. Baker diagnosed the sessile leaved species using leaf
orientation and flower size—leaves erect, and small flowered in D. burkei Bak. and
leaves erect and large flowered in D. saundersiae Bak. D. humifusa (Bak.) Bak. was

separated on the basis of spreading leaves, with no reference to flower size.

Baker (1898) described the tropical African D. stuhimannii Bak. and transferred S.
volkensii Engl. to Drimiopsis. Baker (1904) later reconsidered the status of S. humifusa
Bak (1881) and transferred it to Drimiopsis. This has recently been transferred to
Resnova (Muller—Doblles & Miiller-Doblies, 1997). -~ _

Carl Dammer, a 20th century German botanist at the Botanical Museum in Berlin-

Dahlem, described D. erlangeri Damm. (Dammer, 1905) from Ethiopia and D. bussei



Damm. from Tanzania (Dammer 1907).

Augustine Chevalier, a French botanist interested in botanical explorations (Chevalier,
1920, 1934), described three taxa of Drimiopsis from Congo Brazzaville namely D.
aroidastrum var. aroidastrum, D. aroidastrum var kabarum with “lanceolate-linear
leaves” and D. rosea. (Chevalier, 1908). D. aroidastrum var. kabarum was cultivated

for medicinal use in the then Congo Brazzaville.

Emile Auguste Joseph De Wilderman (1911a, 1911b) described D. sereti from Zaire.
He mentioned that it is similar to D. barteri, but: “possibly the variety parvifolia

Perkins”—an invalid name.

Kurt Krause was a co-worker of Adolf Engler. From 1905 Krause was responsible for
compiling small families in Das Pflanzenreich, describing 124 Aracaceae taxa and co-
authoring another 75 with Engler. Krause (1914) described D. engleri Krause from

Namibia.

Moritz Dinter’s main interest lay with the Namib Desert flora. He described D.
papillosa from Namaqualand (Dinter, 1921). This taxon has subsequently been

transferred to Ledebouria and synonymised under L. scabrida Jessop (S Venter, 1993).

Dr. Nicholas Edward Brown worked at Kew in the production of Araceae treatments
for floristic works. In 1921 Brown described D. atropurpurea from material collected
by F.A. Rogers, stating that it was: “...similar to the type of the genus but pubescent

with purple flowers”.

Phillips (1926) reports Drimiopsis as comprising 19 species, 7 from South Africa and
12 from tropical Africa. He does not however, list the species but his count fits well

with the species (including the variations) already described thus far.

Van der Merwe (1946a) described D. crenata and D. purpurea, emphasising size’
differences as diagnostic for D. crenata namely, “...bigger than D. burkei but smaller

than D. saundersiae”. D. purpurea was later transferred to D. atropurpurea (Jessop,
1972).

10



Jessop (1970), while revising Ledebouria, transferred D. engleri to Ledebouria, and
synonymised it under L. undulata (Jacq.) Jessop together with a number of Scilla
species. Later Venter (1993) viewed D. engleri as a synonym of his new combination L.

rautanenii (Schinz) S. Venter, a transferral from Scilla (Schinz, 1901-1908).

Jessop (1972) undertook the second major revision of southern African Drimiopsis
since the inception of the genus. Of note here is that although the title to his paper
evokes the impression that his study was confined to South Africa, he clearly also
investigated specimens from Swaziland and Botswana. As he did not recognize
Resnova as a separate genus he transferred Resnova lachenaliodes (Bak.) v.d. Merwe
(based on S. lachenaliodes Bak.) to Drimiopsis as a new combination, and synonymised
the remaining Resnova species namely R. schlechteri (Bak.) v.d. Merwe (based on S.
schlechteri Bak.), R. transvaalensis v.d. Merwe, R. pilosa v.d. Merwe, R. minor v.d.
Merwe and R. maxima v.d. Merwe under Drimiopsis maxima Bak. Jessop’s (1972)
decision to transfer Resnova to Drimiopsis was probably encouraged by his misguided
opinion that Van der Merwe (1946b) did not specify type specimens. However, Van der
Merwe (1946b: 46) did affirm them. Jessop might have reached a different conclusion
had he studied these. He had a strong conviction that the Scilleae had very few
qualitative characters that could be used in taxonomic work, and that floral structure

displayed very little intergeneric variation.

Jessop (1972), upon studying vascular bundles and cytology of Drimiopsis sensu lato,
concluded that Drimiopsis was more closely related to Ledebouria than to Scilla. This
supports the subsequent grouping of Drimiopsis and Ledebouria (and Resnova) in the
Ledebouriinae (Miiller-Doblies & Miiller-Doblies, 1997). Jessop (1972) recognized two
groups within Drimiopsis: D. atropurpurea, D. burkei, D. maculata possessing small
flowers (not more than 5 mm long) and with tepal apices cucullate; and the larger
flowered D. lachenalioides and D. maxima possessing spreading tepals, D. maxima
with slightly cucullate tepal apices. Dyer (1976), Arnold & De Wet (1993) and
Williams (2000) subsequently accepted these five species. The two larger flowered
Drimiopsis species were later transferred to the reinstated Resnova (Miiller-Doblies &
Miiller-Doblies, 1997).

11



Stedje (1994) and Stedje & Thulin (1995), confining their work to tropical east Africa,
recognise other than D. maculata, an additional four tropical African taxa. By
disregarding leaf dimensions and concentrating more on leaf shape and flower
characters, they place all taxa with narrowly lanceolate leaves and small sessile flowers
with perianth segments connivent in D. barteri. Taxa with lanceolate to cordate leaves
as well as sessile or pedicellate flowers with inner perianth segments connivent and the
outer spreading belong to D. botryoides Bak. subsp. botryoides (now also including the
synonymised D. kirkii, D. holstii, D. stuhlmannii, D. erlangeri and D. bussei). The third
group, with broadly lanceolate leaves appressed to the ground and flowers sessile to
very shortly pedicellate, is described as D. botryoides Bak. subsp. prostrata Stedje. S.
fischeri Engl. (Engler, 1895), transferred to D. fischeri (Engl.) Stedje, forms a unique
group in that the long perianth with stamens inserted just below the apex makes it
different from any other Drimiopsis species described so far. In my opinion, Stedje
(1994) and Stedje & Thulin (1995) can also be labelled lumpers as they emphasise

similarities.

Miiller-Doblies & Miiller-Doblies (1997), in their revision of southern African
Drimiopsis recognise three of Jessop's species namely D. atropurpurea, D. burkei and
D. maculata. As mentioned, they transfer D. lachenaliodes and D. maxima to the
reinstated Resnova. In the latter case it is noteworthy that D. maxima reported to
possess 9 mm long tepals (Jessop, 1972), is synonymised under R. humifusa, reportedly
possessing tepals 5-6 mm long (Miiller-Doblies & Miiller-Doblies (1997). In addition
they resuscitate D. woodii, which Jessop (1972) earlier placed under D. burkei on
account of small flowers after studying the syntype at Kew. They also synonymise
Drimia petiolata G. Koch & C.P. Bouché (Koch & Bouché, 1861) under D. maculata.
This is not surprising as Drimiopsis means “bearing a resemblance to Drimia”.
Although the title of the Miiller-Doblies & Miiller-Doblies (1997) paper implies a
southern Africa study, a new tropical African combination D. fischeri (Engl.) U. & D.
Miiller-Doblies is included. One subspecies was described, namely D. burkei Bak.
‘subsp. stolonissima, differing from D. burkei Bak. subsp. burkei in possessing stolons.
Four new species were also described: Drimiopsis reilleyana with “leaves, scape,
pedicels hairy”. These aforementioned taxa together with D. maculata and D. woodli,
are grouped on the basis of predominantly green tepals. The remaining three new

species described (all possessing pink to lilac flowers) were D. davidsoniae with “scape
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and leaves glabrous, leaf margin crenulate”; D. pusilla with “scape and leaves hairy,
leaf margin entire” and D. comptonii with “scape glabrous, leaves hairy on upper side”.
The new taxa together with D. atropurpurea, bring the total for southern African

Drimiopsis taxa to nine as reported by Manning & Goldblatt (2003).

Recent notes for the Flora Zambesiaca area allude to only three Drimiopsis taxa in this
region (Kativu, 2000), namely D. maculata, D. burkei and D. barteri. The genus is
described as possessing isomorphic tepals. Drimiopsis maculata and D. burkei are
reported as having 2—4 and 1-2 leaves, respectively. D. burkei is reported to have a

greater stature when growing in the shade.

Williams (2000) synonymised Resnova under Drimiopsis which in her opinion consists
of ca. 15 African species, five of them southern Africa—no mention of species names.
She did not elaborate on the remaining ten, notwithstanding citing Stedje (1994 &
1996).

The treatment of Drimiopsis by all the authors mentioned above is indicative of the
morphological similarities possessed by them. Botanists not specializing in Drimiopsis,
hence without an overall insight into the variability of character states, historically
described most species. The varying degrees of polymorphism within species either
promote lumping—creating more polymorphic taxa—or splitting morphotypes into
separate taxa. Notable is that morphotypes, though evident from descriptions of taxa
(e.g. D. burkei subsp. burkei), have never been considered for reranking into species.
Drimiopsis maculata also displays variation with lamina margins ranging from flat to

undulate, base from simple cordate to almost sagittate.

The status of Ledebouria has never been seriously questioned since Jessop’s (1970)
revision. Roth (1821) reranked section Ledebouria Baker, one of the sub-sections of
Scilla (Baker 1870a), into the genus Ledebouria. It has previously been classified
— under Hyacinthus L. (Linnaeus, 1782) qn;iﬁch[zgnafligiJagc!. ﬂ{apguin, 1794; Andrews,
1803). Ker-Gawler (1811) transferred taxa of Ledebouria to Drin;i;l.i I::;t;er "i“;aitlr';lcglg
(1814) grouped Ledebouria with Lachenalia and von Schrank (1820) moved it back to
Scilla. Baker (1870a), in his Scilla monograph, also included Ledebouria under Scilla.

Jessop (1970) reinstated Ledebouria as a separate genus proposing the stipitate ovary as
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diagnostic. Venter (1993), in his revision, recognised thirty-three Ledebouria species in
South Africa. There are to date sixty-eight (68) names pertaining to Ledebouria in
literature (IPNI, 2004). DNA studies confirm that Ledebouria is a sister group to
Drimiopsis (Stedje, 1996; Pfosser & Speta, 1999; Wetschnig ez al., 2002; Wetschnig &
Pfosser, 2003) and has close affinity with Resnova (Wetschnig & Pfosser, 2003;
Pfosser et al., 2003).

As mentioned above, the status of Resnova was reconsidered by Miiller-Doblies &
Miiller-Doblies (1997). Van der Merwe (1946b) described Resnova based on S.
schlechteri Bak. (1904). In addition he transferred S. lachenalioides Bak to Resnova as
well as describing an additional four species, namely. R. transvaalensis, R. pilosa, R.

minor and R. maxima.

Philips (1951) returned Resnova to Scilla. This proposal went largely unheeded.
Jessop’s (1972) synonymisation of Resnova under Drimiopsis became the status quo
practiced by herbaria (Dyer, 1976; Meyer and Williams, 1997; Amold & De Wet,
1993; Kativu, 2000) until Miiller-Doblies & Miiller-Doblies (1997) argued again for the
generic status of Resnova on the basis of flower characters, i.e. spreading perianth and
ovoid ovary. Recent molecular data seems to support this scenario (Wetschnig &
Pfosser, 2003; Pfosser et al., 2003). The National Botanical Institute (Manning &
Goldblatt, 2003) and the International Plant Name Index have followed suite. The
number of taxa has grown with the transference of two Scilla species to Resnova
namely R. humifusa (Bak.) U. & D. Miiller-Doblies (Miiller-Doblies & Miiller-Doblies,
1997) and R. nossibeensis (H. Perrier) Speta (Speta, 1998a).

Manning et al. (2004), diverting from the norm, sunk both Resnova and Drimiopsis into
Ledebouria, hence the 68 species of Ledebouria recognised by them. The new
combinations thereof were made “only for type species of genera that are regarded as

synonymous with others, and for species that are treated in more recent accounts for

- southern Africa™. - oo

Speta (1998a) described Avonsera Speta typified by A. convallariodes (Perrier) Speta
from Madagascar—originally an Ornithogalum species. Included in this new genus is

A. lachenalioides (Bak.) Speta, a transferral of R. lachenalioides and as mentioned
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confined to southern Africa. The status of Avonsera has been seriously questioned
(Stedje, 2001) and is not recognised by Manning and Goldblatt (2003). Speta (1998a)

lists eight southern and three tropical African Drimiopsis species, excluding subspecies.

1.3 HABIT AND HABITAT

Drimiopsis is a geophyte growing in diverse soil types. The taxa are confined to Africa
south of the Sahara, being found in Botswana, South Africa, Somalia, Swaziland,
Mozambique, Zambia, Zimbabwe as well as Tanzania, Kenya and Ethiopia. They
spread across central Africa, Democratic Republic of Congo, Chad to Cameroon, Niger
and Nigeria. Drimiopsis favours moist shady areas, under trees or tall grass, where
there is an accumulation of plant litter. Regular habitats also appear to be hill slopes

and the base of rocks or boulders.

The adventitious root system arises from the bulb. The roots are white, fleshy, and
shallow, not more than 10 cm deep (Figure 1.1 B — D, F, I and H; Figure 1.2 A - G).
The underground bulbs are generally small (0.2-2 cm in diameter), naked, white to
green with fleshy loose scales truncate at their apices. Exceptions to this description are
found in D. maculata with bulbs of ca. 6 cm in diameter (Figure 1.1 C, Figure 1.2 B).
Some D. burkei subsp. burkei plants growing on sandy soil in high temperature regions
(maximums in the 40° C range) of Botswana have bulbs with a brown, scaly
membranous outer covering (Figure 1.2 D). The stoloniferous habit of D. burkei subsp.
stolonissima is found in only a few other species like D. comptonii (Figure 1.2 F — G).
Bulbs produce bulblets at their bases and are rarely solitary (Figure 1.1 C, F & I; Figure
1.2 B & E). Some bulbs have very short basal stems, an extension of the stem plane
beneath the bulb, that is never more than 0.6 cm long (Figure 1.1 B, C, D, I & H; Figure
1.2A,C & D).

The vegetative state is the dominant stage of the life cycle. The plants range from dwarf
(less than 10cm high) as in D. queae Lebatha to robust as in D. botryoides Bak. subsp.
botryoides (more-than 40 cm high). The plants have colour camouflage in the form of
cryptically coloured, dotted or streaked leaves that make them inconspicuo;xs.ifixlil 7
Drimiopsis taxa either possess leaves that appear before the flowers (protoantherous) or
leaves and flowers appearing at the same time (synantherous) except for D. rosea A.

Chev. that is hysteranthous (flowers appearing before the leaves). The racemose
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inflorescence makes a brief seasonal appearance, commonly from August to October,

with inconspicuous flowers that either fruit very quickly or not at all.

Resnova taxa are gregarious geophytes with white and round to ovate bulbs with
loosely packed scales (Figure 1.1 A & G, Figure 1.2 I). Resnova possesses a limited,
disjunct distribution across the northern and eastern parts of South Africa, also

preferring shaded areas.

The Ledebouria hypogenous bulbs are gregarious or solitary and are coloured purple to
brown, with the dead bulb scales persistent (Figure 1.1 E, Figure 1.2 H). The majority
of Ledebouria have a unique character of bulb scales producing threads when torn.
According to Venter (1993), Ledebouria species occur in winter and summer rainfall
areas, 76% of them in full sun with only L. concolor (Bak.) Jessop, L. floribunda (Bak.)
Jessop, L. rupestris (v.d. Merwe) S. Venter and L. socialis (Bak.) Jessop growing in the

shade. They grow in seepages, water, mountain terrains, grasslands and wooded areas.

1.4 USES

Herd boys in some southern parts of Botswana traditionally used the bulb of D. burkei
subsp. burkei —Molora-wa-basimanyana, Thejane (Turton & Ablomberg-Ermatinger,
1988; Cole, 1995) as soap. This tradition lost favour with the advent of commercial
soaps. The vegetative parts are also used in traditional medicine to treat bereaved
persons after the death of a spouse (informants). Washing with the vegetative parts of

the plant is believed to cleanse and protect the surviving spouse.
The bulb of D. maculata—Sekaname-se-sesweu—is used in South Africa as a

paediatric enema (Hutchings, 1989a & 1989b). The crushed bulbs are put in water and

used externally for cleansing to remove bad luck (informants).
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Figure 1.1: Bulb variation within the Ledebouriinae. A & G, bulbs of a Resnova maxima plant; B, of
Drimiopsis carrii; C, bulb of Drimiopsis maculata plant; D, F & I, bulbs of Drimiopsis burkei plants;
E, bulb of a Ledebouria sp. plant; H, Drimiopsis pusilla bulb. (Drawings enhanced by A. Lindeque).
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Figure 1.2: Bulb morphology variation in the Ledebouriinae: A, a D. pusilla bulb displaying loosely
packed bulb scales; B, D. maculata bulb with bulbils; C, D. burkei bulb with a fundus; D, a D.
comptonii bulb beginning to form stolons; E, a bulb of a D. burkei plant displaying the unusual
membranous outer scales with a tuberescent fundus (stem plate protruding beneath the bulb); F, the
small bulb of D. liniopapilla; G, a D. burkei bulb with bulbil; H, a Ledebouria species with the
outer brownish coloured membranous scales; I, a typical Resnova bulb.



Some Ledebouria are used as food or medicine; others have superstitious connotations.
L. inquinata (C.A. Sm.) Jessop, L. revoluta (L.f.) Jessop, L. ovatifolia (Bak.) Jessop and
L. cooperi (Hookf) Jessop contain cardiac toxins (Venter, 1993). There is no

ethnobotanical record on Resnova.

1.5 ABUNDANCE

Drimiopsis plants grow in isolated populations. Populations in turn may be sparse or
abundant. Seven species are known from a single locality only. According to Gibson
(1975), D. maculata grows freely in parts of South Africa and on the salty beaches of
the KwaZulu-Natal coast. Currently, it is scarce on the aforementioned habitat but
common as an ornamental plant. In addition, plants are now absent in many previously
collected localities, yet none are listed in the Red Data book for South Africa (Golding,
2002). There are Red Data records for Swaziland. D. maculata is listed as low risk,
with declining populations but of limited concern. D. maxima is listed as ‘data

deficient’, with not enough data to classify it otherwise (Dlamini & Dlamini, 2002).

Some species of Ledebouria appear to be widespread but others are of limited
distribution (Venter, 1993). The Namibian L. scabrida Jessop is Red Data listed and

has a conservation status of ‘data deficient’ (Craven & Loots, 2002).

No records exist of the conservation status of Resrnova.

1.6 OBJECTIVES
To conduct a comprehensive systematic revision of Drimiopsis by:
o exploring morphological, anatomical, karyological, molecular, palynological
and phytochemical characters and their states;
o evaluating the importance of these characters and their states through phenetic
and cladistic analyses;
o inferring a phylogenetic history
o providing a classification scheme and keys

o delimiting the three genera of the Ledebouriinae
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1.7 MODUS OPERANDI

Chapter two complements the introduction. Chapters three to eight examine
characteristics of the genus while nine to twelve evaluate and synthesise data to propose
relationships via a phylogenetic classification scheme, as well as an identification key

and a taxonomic discourse on Drimiopsis.

Some previously synonymised taxa are treated as independent taxa. Otherwise use of
names is as indicated under ‘Accepted names, new names, rankings and combinations’
(page X). To heighten understanding of the taxonomic significance of Drimiopsis
characters, this review encompasses the two other genera in subtribe Ledebouriinae,

namely Resnova and Ledebouria.

The plant material used in investigations was collected from the field, institutional
botanical and private gardens and then cultivated under uniform conditions in the
botanical garden of North-West University, Potchefstroom Campus. The study is also
based on herbarium material including type specimens, from B, BLFU, BOL, BR,
BTU, J, K, NBG, NH, O, P, PRE, PUC, UNIN, and Z.

Records of morphological characteristics, descriptions of the plants in their natural
habitat and after cultivation were kept. Some characters, especially of sister taxa, were
obtained from appropriate literature. Measurement of quantitative characters used is
average measurements from a minimum of five. Photographs and illustrations, where
not by the author, are dully acknowledged. Characters and their states are compiled and
generated via DELTA (Dallwitz et al., 2000).

1.8 CONCLUSION

“If there is one thing that systematics is about, one key word that best sums us up, it is
diversity. We organize it, name it, catalogue it, and try to understand how it has
developed over time. In so doing, we are probably the single most synthetic scientific
discipline there is” (Lammers, 1999: 495). To this endeavour, this systematic revision
explores the old (orthodox) and the new (molecular) sources of data, re-evaluating the
old and generating ‘new’ concepts. This process raises debates especially on species

concepts and nomenclature.
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2. SYSTEMATIC CONSIDERATIONS

2.1 INTRODUCTION

Thirty-seven names pertaining to Drimiopsis have surfaced to date and eight species
described within Resnova in the literature. Manning et al. (2004), diverting from the
norm, sunk both Resnova and Drimiopsis into Ledebouria, hence the 68 Ledebouria
species (IPNI, 2004). Classification of taxa within the Ledebouriinae raises debates
especially on species concepts, nomenclature and the analytical procedures leading to
the major product of a systematic analysis, a hypothesis of relationships. This group
especially presents a challenge as it lacks ‘good’ delimiting diagnostic characters
(Jessop, 1972; Speta, 1998a; Stedje, 2001; Wetschnig & Pfosser, 2003; Manning et al.,
2004).

2.2 SPECIES CONCEPTS

Taxa bear characters, with their character states, and are recognisable by the unique
combination of such characters (Schuh, 2000). Polymorphism and the resultant diverse
morphotypes within taxa of Drimiopsis Lindl. & Paxt. demand the exploration of
definitions of a species, as potential modes of speciation are somewhat dependent on
what constitutes a species. Several species concepts have been proposed but of
significance to this study are the biological (BSC), morphological (MSC) and
phylogenetic species concepts (PSC).

Two fundamental considerations are at the core of the vast array of species concepts:
pattern and process (Lidén & Oxelman, 1989). To quote the aforementioned authors,

1

process species concepts are: “...functional (spatio-temporal) units ... species with
pattern-forming (evolutionary) entities”. Pattern-based species are perceived as “one of
many taxonomic categories, which may be seen either as historical entities
(monophyletic group including the ancestor) which are recognized (and named) or as

mental constructs (classes) which are defined by attributes”.

The BSC has a process conceptual framework. Species are “a reproductive community
of populations, reproductively isolated from others, that occupy a specific niche in

nature” (Mayr, 1942, 1982). Species arise through one or another isolating mechanism,
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halting gene flow between populations and isolating one such population that then
acquires a unique genotype, which is often (but not always) expressed in the phenotype.
Radiation from an ancestral stock, forming various new lineages adapted to differing
habitats, also produces new species. This scenario embraces the geographical species
concept (Kluge, 1989; Frost & Kluge, 1994). The BSC does not apply well to plants,
including Drimiopsis that reproduce both sexually and vegetatively. Each isolated
population in Drimiopsis is not necessarily a species, although these populations are

prime candidates for speciation in theory, if sexual reproduction is preferred.

Practically, biological species are initially delimited using characters followed by a
demonstration of a reproductive isolation mechanism. The occurrence of sibling species
may result in an underestimation of the total number of species present in a genus.
Sibling species are phenetically alike yet reproductively isolated. Added to which are
the problems associated with breeding experiments in an attempt to resolve biological
species. From a cladistic viewpoint, the ability to reproduce is considered a
plesiomorphic character and therefore inapplicable in determining relationships
(Donoghue, 1985). Although the BSC is to a large extent theoretically sound, the non-

operationalism thereof in especially plants has counted against its favour.

The MSC and the PSC are pattern based. These concepts view taxa as products of
evolution, not its determinants. The MSC is defined according to Cronquist (1988) as
“the smallest groups that are consistently and persistently distinct and distinguishable
by ordinary means.” These could independently include molecular, phytochemical,
cytogenetic, or any other characters arising from speciation. Thus, the MSC relies on a
singular emphasis of a group of characters in species definition and is thus a purely
operational concept. It is pre-evolutionary and non-evolutionary. Similarity of
characters can be the result of parallel or convergent evolution. The MSC does not
distinguish among these. Parallelism and divergence are possibilities in Drimiopsis.
Convergent evolution of course provides a false signal in terms of relationships. In a
phenetic analysis variation in characters is dealt with by a fixed or intuitive standard as
to the permissible deviation from the pattern, in other words grouping is arbitrary.
According to Simpson (1951) the only serious modern theoretical support for
typological taxonomy comes from those few students who believe that species arise by

abrupt morphological change from one morphotype to another, that is to say, those who
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support spontaneous generation of species.

Numerous PSCs exist, grouping taxa based on the best hypothesis of their phylogeny.
Baum’s (1992) monophyletic PSC, based on De Queiroz and Donoghue (1990a,
1990b), identifies species via cladistic analysis. Monophyletic groups could be all
descendents of a common ancestor including the ancestor or groups that are more
closely related to each other than to any other organism. These are identified through
synapomorphic characters (remembering that convergence can result in grouping based

on non-homologous characters and that parallelism causes homoplasy).

Species concepts mostly apply in specific investigative situations. O’Hara (1993) aptly
likens “systematic generalization” to cartography. Drawing a map, especially of a small
area, lacks precision...the finest details always get sacrificed for clarity. This becomes
apparent when trying to define species. Systematists (De Queiroz & Donoghue, 1988,
1990a; Nixon & Wheeler, 1990; Vrana & Wheeler, 1992; Lidén & Oxelman, 1989;
Baum & Donoghue, 1995; Schuh, 2000) concur on the plural and subjective nature of

species concepts.

Choice of a character based or history based PSC, depends on the goal of the systematic
study (Baum & Donoghue, 1995). The primary goal of this study is to ‘describe the
hierarchical distribution of characters’ and infer phylogeny therein. Species in this
instance are “from a cladistic viewpoint, the cladistically indivisible elements to be
analysed, and from a phylogenetic viewpoint, ..."the ultimate products of phylogenetic
history” (Nixon & Wheeler, 1990: 214). Species are regarded diagnosable by “unique
combination of character states in comparable individuals” and analysable by cladistic
methods (Nixon & Wheeler, 1990: 218). Although cluster analysis and cladistics may
result in similar topologies, it is only synapomorphic characters that can resolve the
‘history’ or phylogeny on a theoretically sound basis. Character distributions in
organisms are history based because they are a product of evolution. However, this
view is strongly criticised by the “evolutionary phylogenetics” school that view this as

sitting “on the fence” (Baum & Donoghue, 1995).

I concur with De Queiroz & Donoghue (1988) that diversification of characters and

states established through speciation are validated through character persistency.
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Though speciation is difficult to observe, characters developed thus are persistent in
populations while those accrued as a temporary response to changes in the environment

are not.

2.3 NOMENCLATURE

Linnaeus (1753, 1758), theoretically a creationist, devised a simple scheme for naming
and classifying organisms. From his system stemmed three nomenclature principles:
the binomen, priority, and hierarchical categories. A binomen, character naturalis, the
generic name and the differentia, the character that differentiates that species from the
others of its kind, vis a vis, the specific epithet after 1753, have been used to name
species. The principle of priority; that the first-published name is the one that is used; is
applied by the International Code of Botanical Nomenclature (ICBN) (Greuter et al.,
2000). The Linnaean notion of an inclusive hierarchy of group names has also been
important—a hierarchical system whereby organisms are placed in categories made up
of ranks of increasing inclusiveness and given names. Genera are organised into orders,
orders into classes etc., and not always necessarily reflecting phylogeny in the past, but

similarity.

The ICBN is based on the Linnaean system i.e. the Linnaean ranks are still employed

although relatedness is now viewed to be the product of evolution.

A new concept has recently been proposed. The PhyloCode believes classification
systems are not real but that phylogeny is (Benton 2000; Langer, 2001). Briefly, the
PhyloCode is rankless, consists of biological entities called clades and has no types but
specifiers (Cantino & de Queiroz, 2000). The PhyloCode purports to “use of
phylogenetic definitions” thus “liberating taxonomy from a 2000 year old tradition of
basing the definitions of taxon names on characters” (De Queiroz & Gauthier, 1990a).
It is based on common ancestry, cladistic analysis and the naming of clades thus
creating “nomenclatural stability”. De Queiroz & Gauthier (1992, 1994) claim that the
principles of phylogenetic nomenclature will produce stability in classification. The

ICBN nomenclature is the outcome of classification.

The PhyloCode and the ICBN both reflect the “hierarchical” nature of life. They have

similar goals but approach this from different directions. The criticism put forward by
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De Queiroz & Gauthier (1992) that 'Definitions of taxon names based on organismal
traits are fundamentally non-evolutionary. Such definitions were in use long before the
widespread acceptance of an evolutionary world view, and furthermore, they make no
reference to common descent or any other evolutionary phenomenon,' is not persuasive

enough to discard the well tested ICBN.

Unlike the ICBN the PhyloCode removes predictability from names i.e. hierarchical
relationship and taxonomical information is lost and relationship cannot be inferred, as
is the case with binomial names. Also many formal names are attached to intermediate
clades creating too many names and possible confusion arising from incompatible
definitions. The PhyloCode does not improve the phylogenetic structure of a
classification, neither does it improve its value. Abandonment of the Bio-Code will
produce mayhem, confusion, and distress especially in normal systematic work,
revisions and extension of knowledge about the groups (Benton, 2000). Others like
Jorgensen (2002, 2004) have suggested informal naming of clades and maintaining the
well-proven ICBN. More recently proposals have been put forward adapting the
International Code of Botanical Nomenclature to phylogenetic classification (Barkley
et al., 2004a; Barkley et al., 2004b).

I believe that phylogeny reflects evolution spearheaded by, amongst others, natural
selection (Darwin, 1859). Classifications should reflect real patterns in nature, the result
of evolution. The nodes, the branching points on cladograms, infer splitting, and clades
common ancestry. However, without paleobotanical data one cannot argue common
ancestry, only put forward hypothesise. Cladistics and molecular techniques greatly
improve the potential of phylogenetic hypotheses. Linnaean based classifications work,
are practical and can be used in phylogenetic inference. It is straightforward, has been
used for decades and serves as a universal reference system, not only for veteran

systematists, but also for aspiring systematists and the novice.

2.4 CONCLUSION
Debates, differences of opinion and interpretations reflect diversity and dynamism
conventional in investigating nature. Systematics should be about recreating the best

phylogenetic inference, and presenting the best classification system possible, with the
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tools and data at hand. Putting nature in boxes is not feasible (Vrana & Wheeler, 1992),
one can all but look for the best hypothesis—be it singular or combinations of views.

After all, “systematic botany” is “an unending synthesis” (Constance, 1964).
This study analyzed diagnostic character groupings phenetically and cladistically, the

clades and terminal taxa thus generated used to establish species. The PSC and the

ICBN are furthermore employed in the interest of nomenclatural stability.
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3. THE LEAF

|

|

f3.1 INTRODUCTION '
|
| Although taxonomists have placed greater importance on reproductive characters due to

/ their conservative nature, vegetative characters remain equally important in systematic

studies. The delimitation of the traditional two major groups of plants, the

1

/ monocotyledons and the dicotyledons were based on floral and vegetative characters.
/ The vegetative stage is the most prevailing stage in the lifecycle of Drimiopsis Lindl. &
|

Paxt. so that plant identification is often required when no flowers or fruit are present.

/ The macro and micro morphology as well as anatomy of the leaf consequently solicit

/ investigation.

/ Macroscopic leaf characters have been used in the past to delimit Ledebouriinae U. &
| D. Miiller-Doblies and taxa of Drimiopsis in particular. Baker (1896) predominantly
| used leaf size, shape, orientation as well as pseudopetiole presence or absence to
/ delimit southern African taxa (Key 3.1). D. minor Bak., for example, was primarily
| based on the possession of leaves smaller than those found in D. maculata. Jessop
/ (1972), demonstrating the unreliability of leaf size in delimitations, sunk D. minor Bak.
/ in D. maculata Lindl. & Paxt. (a decision subsequently supported by Miiller-Doblies &
Miiller-Doblies, 1997)). Jessop (1972) instead mainly uses flower characters, confining
/ himself to the use of leaf base in addition to number of flower characters to delimit D.
maculata, D. burkei and D. atropurpurea. Miiller-Doblies & Miiller-Doblies (1997) use
/ numerous leaf characters (except size) in combination with floral characters in
delimiting taxa of Drimiopsis. In addition they simplify matters by de-emphasizing
Baker’s (1897) distinction between erect and spreading leaves in synonymising D.

/ maxima Bak., D. humifusa Bak. and D. saundersiae Bak. under Resnova humifusa

/ (Bak.) U. & D. Miiller-Doblies.

/ "'Part of this chapter is in prep., Lebatha & Buys (2005a).
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|
Key 3.1: Key to southern African Drimiopsis species that Baker (1896) first delimited /

on the basis of leaf shape. Compiled from Baker (1870a, 1874a, 1874b, 1878, 1898). /

Leaves distinctly :

| Blade cordate:

Perianth '/ ¢ in. long (1) D. maculata
Perianth '/ g in. long (2) D. minor

‘ Blade narrowed at the base:

/ Raceme %2 — 1 in. long
Raceme 3 - 5 in. long

- Leaves sessile:

| Leaves erect:
| Dwarf; small flowered (5) D. burkei ’
(6) D. saundersiae /

/ Tall; large flowered
| Leaves spreading (7) D. humifusa /

(3) D. woodii |
(4) D. maxima

|

/ Similarly Stedje (1994 & 1998), confining herself to the tropical east African taxa, /

/ expands Baker’s (1870a, 1874a, 1874b, 1878, 1898) use of leaf shape and adds leaf |
orientation in her description of the two subspecies in D. botryoides Bak. (Key 3.2).

| Taxa with narrowly lanceolate leaves were placed in D. barteri Bak., those with I

/ lanceolate to cordate and erect leaves in D. botryoides Bak. (=D. botryoides Bak. subsp. f

botryoides) and ones with broadly lanceolate leaves appressed to the ground in D.

| perfoliata Bak. (=D. botryoides Bak. subsp. prostrata Stedje).

Key 3.2: Key to tropical African Drimiopsis species delimited initially on the basis of
/ leaf shape and later with the addition of leaf orientation (Stedje 1994, 1998). /

( la. Leaves erect
2a. Lamina narrowly lanceolate....................cocooiiiiiiil. D. barteri
/ 2b. Lamina lanceolate to cordate............ D. botryoides subsp. botryoides /

1b. Leaves appressed to the ground
3a. Lamina broadly lanceolate................ D. botryoides subsp. prostrata

/ Varying terminologies in describing leaf character has led to inaccuracies, e.g. Baker /
/ (1896) and Miiller-Doblies & Miiller-Doblies (1997) wrongly referred to leaves with an /

~ extended leaf base as petiolate: A petiole, the leaf stalk connecting the lamina to the

|

| o
stem, is absent in the Ledebouriinae. The extended leaf base, referred to in this thesis as |
|

pseudopetiole, is sometimes present. ,
|
|

| Leaf micromorphology studies have previously revealed underlying similarities and

differences that are not otherwise easily perceived. Scanning electron microscopy of

|

|
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/ epidermal surfaces has been routine for almost half a century, beginning with the work
/of Bringmann & Kuhn (1955a, 1955b) as well as Amelunxen et al. (1967) and Barthlott
| & Ehler (1977). Characters, especially those from the epicuticular wax, have been used
widely in angiosperm classifications (Barthlott, 1981; Behnke & Barthlott, 1983;

/ Dahlgren, 1989; Barthlott, 1990 & 1994; Barthlott et al, 1998). A host of investigators

/ use leaf micromorphology as an investigative tool, e.g. Haron & Moore (1996), Darok

/ et al (2000), Kong (2001), Wang et al. (2002) and Ao ef al. (2002).

/ Reports by Stace (1965) and Dilcher (1974) that characters like trichomes, stomata
/ density and distribution, cuticular thickness and striations, as well as the anticlinal wall
/ patterns of epidermal cells vary according to the environment, create uncertainty about

their systematic value. Nevertheless, ultra structural and micromorphological
/ characters, in particular the epidermal cell arrangement, cell wall shape, cuticle and
/ trichomes have been used in resolving lower level systematic problems as the influence
/ the environment exerts on them have since been found to be minimal (Behnke &
/ Barthlott, 1983). Experimental evidence from studies on Aloeae A. Rich. (Aloaceae)
.~ hybrids reveal strong genetic control over trichome, stomata and basic pattern of the
/ cell wall in the first generation hybrids (Cutler & Brandham, 1976). In contrast, wax
/ particle shape and size varied greatly in the offspring. Even so, tertiary surface

/ sculpturing, i.e. epicuticular secretions, has been used to delimit genera in certain

instances (Behnke & Barthlott, 1983).

/ In terms of the Ledebouriinae, the only attempt at studying the leaf micromorphology

/ in Drimiopsis has been by Shiva et al. (2001) on D. botryoides. The said authors do not,
however, expound on the interspecific nor intraspecific significance of the leaf surface /

/ characters. Venter (1993) studied the micromorphology of South African taxa of /

/ Ledebouria Roth, but no micromorphological studies have been done on Resnova v.d. /

[ Merwe to date. /

/ Anatomy has been applied with varying degrees of success in delimiting generziii(isiﬁliiitﬁ /
/ & Ayensu, 1974, 1976; Behnke et al., 2002) and for families (Dahlgren & Clifford,
/ 1982; Ayensu, 1968, 1969, 1974). At the species level, taxa delimitation based on /

/ anatomy is usually a matter of degree of variation. Secondary xylem, indumentum, and

the distribution of schlerenchyma and ergastic bodies are often taxonomically

|
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significant, the latter two especially so in the Monocotyledonae (Metcalfe & Gregory,
1964; Metcalfe, 1967; Dahlgren & Clifford, 1982; Mauseth, 1988)—the secondary

xylem, however, is not of use when dealing with herbaceous monocots.

In terms of the Hyacinthaceae, ergastic substances, mucilage, calcium oxalate crystals,
raphides and “rhexigenetic” lacunae have been accounted to be characteristic (Speta,
1998b; Watson & Dallwitz, 2003). Dahlgren et al. (1985) report on the apparent
absence of raphides in the Hyacinthaceae. Phytochemical screening tests reveal the
presence of tannins in Resnova maxima v.d. Merwe and traces thereof in the leaves of
Drimiopsis kirkii Bak. (Chapter 6). Leaves of Hyacinthaceae have been reported as
being bifacial with vascular bundles arranged adaxially and the presence of
isodiametric palisade cells (Speta, 1998). In terms of sister taxa, the anatomy of
Resnova leaves has not been investigated to date and Venter (1993) studied some leaf
anatomy in Ledebouria. The presence of substances in epidermal cells could be
adaptations to stressful environmental conditions (Metcalfe & Chalk, 1950; Metcalfe,
1967; Jordaan & Theunissen, 1992).

3.2 OBJECTIVES
To investigate the taxonomic significance of macromorphological, micromorphological
as well as anatomical leaf characters and states in Drimiopsis as well as Ledebouria and

Resnova. To supply a key to species of Drimiopsis based on leaf characters.

3.3 MATERIALS and METHODS

The taxa investigated for leaf surface characters and anatomy are listed in Table 3.1.
Plants were observed in their natural habitats then cultivated in the Botanical Garden of
the North-West University, Potchefstroom Campus. Records were kept of field and
garden observations in terms of leaf shape, surface features and coloration. Herbarium
material was used in the case of some Drimiopsis taxa and Schizocarphus nervosa.
- Characters of Ledebouria concolor, L. floribunda, L. luteola, L. revoluta and L. socialis

were obtained from Venter (1993).

Leaf size consists of length (including pseudopetiole when present), a measure of the
lamina up to the apex, and width, a measure of the widest part of the lamina. Only fresh

material was used for anatomical study (Table 3.1). The extended leaf base is termed
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pseudopetiole. Tinted refers to colour differing from that of the general “green” of the
lamina. Colouration may occur in the form of transverse stripes (banded), longitudinal
blotches (streaked), dots (spotted); or it can cover the entire surface. Colouration of the
margins may be in the form of bold colours (bordered) or lighter colours (edged)

(Radford et al., 1974).

Terminology follows Barthlott & Ehler (1977), Behnke & Barthlott (1983) and
Christensen & Hansen (1998) for epidermal cell arrangement (including trichomes,
stomata, glands), cell outline (boundaries of the anticlinal walls and curvature of
periclinal walls) and cell sculpturing, including cuticle striations and epicuticular waxes

(Table 3.1).

Fresh material was preserved in 80% ethanol for micromorphological investigations.
Fresh leaves were cut into about 2 mm? and dry leaves from herbarium material were
cut to about 1 mm’. Care was taken to ensure that all the sections were taken from the
centre of the leaf. The abaxial and adaxial sections were then processed, using the
standard SEM preparation procedure, and then viewed at 10kV. The dry leaf sections
were carbon treated and gold plated before viewing them with a Philips SL30DX — 4i
SEM.

Anatomical studies were done on freshly cut material of plants in cultivation. Leaves
and pseudopetioles were fixed for 2-2.5 hours in a mixture of paraformaldehyde and
1% glutaraldehyde in 0.1 M phosphate buffer at pH 7.2 at a temperature of 4°C. To
stabilise mucilage that may interfere with the fixation process, 0.05% alcian blue 8GX
was added to the fixative. Material was post-fixed for one hour in 1% aqueous OsO;,
dehydrated in an ethanol series and embedded in LR White resin. Sections were cut
with a Leica Ultracut R ultramicrotome and stained with 0.05% aqueous toluidine blue
followed by 0.05% neofuchsin. Observations were made with a Zeiss Axioskop II Light

Microscope and images were captured digitally.

Data was subjected to a multivariate cluster analysis using STATISTICA 6.1 (StatSoft,
2003) with the following settings: tree clustering: Ward’s Method of minimum-
variance clustering under the amalgamation rule and percentage disagreement as a

measure of distance. A leaf character based key was generated via DELTA.
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Table 3.1: Taxa investigated for leaf macromorphology, micromorphology and
anatomy. Ledebouria data from S. Venter (1993) has an N/A (not applicable) status.

Taxa Accepted names in | Accession & | Area Status
this thesis voucher numbers

D. atropurpurea D. atropurpurea Rogers 18508 South Africa Herbarium

D. atropurpurea D. atropurpurea Schrierp 1330 South Africa Herbarium

D. atropurpurea D. atropurpurea Lebatha 049 South Africa Fresh

D. atropurpurea D. atropurpurea Van der Merwe | South Africa Herbarium
02661

D. barteri D. barteri Lebatha 002 Tanzania Fresh

D. barteri D. barteri Greenway & | Tanzania Herbarium
Kaburi 14, 782

D. botryoides subsp. | D. botryoides Greenway 12854 | Kenya Herbarium

botryoides

D. botryoides subsp. | D. botryoides Lebatha 098 Tanzania Fresh

botryoides

D. botryoides subsp. | D. botryoides Lebatha 003 Kenya Fresh

botryoides

D. bo-tryoides subsp. | D. botryoides Lebatha 099 Tanzania Fresh

botryoides

D. bqnyoides subsp. | D. botryoides Lebatha 003 Kenya Fresh

botryoides

D. bqtryoides subsp. | D. botryoides Lebatha 004 Kenya Fresh

botryoides

D. botryoides subsp. | D. botryoides Reid 1090 Kenya Herbarium

botryoides

D. bqtryoides subsp. | D. botryoides Reid 1984 Kenya Herbarium

botryoides

D. botryoides subsp. | D. botryoides R.B. & AJ. Faden | Kenya Herbarium

botryoides 74, 505

D. botryoides subsp. | D. perfoliata Lebatha 001 Tanzania Fresh

prostrata

D. burkei subsp. burkei | D. burkei Lebatha 009 South Africa Fresh

D. burkei subsp. burkei | D. burkei Lebatha 041 South Africa Fresh

D. burkei subsp. burkei | D. burkei Lebatha 096 Botswana, Fresh

D. burkei subsp. burkei | D. burkei Lebatha 054 South Africa Fresh

D. burkei subsp. burkei | D. burkei Lebatha 103 Botswana Fresh

D. burkei subsp. burkei | D. burkei Lebatha 056 South Africa Fresh

D. burkei subsp. burkei | D. burkei Lebatha 095 Botswana Fresh

D. burkei subsp. burkei | D. burkei Theron 1589 South Africa Herbarium

D. ‘bu.rkei subsp. | D. stolonissima Lebatha 037 South Africa Fresh

stolonissima

D. carrii D. carrii Lebatha 015 South Africa Fresh

D. crenata D. burkei Codd 8018 Locality unknown | Herbarium

D. comptonii D. comptonii Lebatha 079 Swaziland Fresh

D. davidsoniae D. davidsoniae Lebatha 038 South Africa Fresh

D. fischeri D. fischeri Fischer 325 Tanzania Herbarium

| D kikiae —-—----—----—-- | D kikiae. | Lebatha 045 South Africa Fresh

D. kikiae D. kikiae Lebatha 046 | South' Africa - | Fresh ___

D. liniopapilla D. liniopapilla Lebatha 053 South Africa Fresh

D. lachenalioides R lachenalioides | Van der Merwe | South Africa Herbarium
2117

D. lachenalioides R. lachenalioides | Baut 549 South Africa Herbarium

D. liniopapilla D. liniopapilla Lebatha 060 South Africa Fresh

D. maculata D. maculata Lebatha 005 Botswana Fresh

D. maculata D. maculata Lebatha 006 South Africa Fresh

D. maculata D. maculata Lebatha 007 Botswana Fresh
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D. maculata D. maculata Lebatha 039 South Africa Fresh

D. maculata D. maculata Lebatha 062 Swaziland Fresh

D. maculata D. maculata Lebatha 102 South Africa Fresh

D. maculata D. maculata Lebatha 032 South Africa Fresh

D. maculata D. maculata Abbot 6431 South Africa Herbarium
D. maculata D. maculata Moss 16777 South Africa Herbarium
D. maxima R. maxima Van Jaarsveld South Africa Herbarium

6010

D. maxima R. maxima Venter s.n. South Africa Herbarium
D. pusilla D. pusilla Lebatha 078 Swaziland Fresh

D. queae D. queae Lebatha 055 South Africa Fresh

D. queae D. queae :/:n der  Merwe South Africa Herbarium
D. queae D. queae Repton s.n. South Africa Herbarium
D. queae D. queae Liebenberg. s.n. South Africa Herbarium
D. queae D. queae Rogers 214 09 South Africa Herbarium
D. queae D. queae Codd 5126 South Africa Herbarium
D. reilleyana D. reilleyana Lebatha 068 Swaziland Fresh

D. rosea D. rosea Chevalier 8432 Democ.ratlc Herbarium

Republic of Congo
D. rosea D. rosea Goossens 43 South Africa Herbarium
D. rosea D. rosea Codd s.n. South Africa Herbarium
D. woodii D. woodii Lang 32236 South Africa Herbarium
R. humifusa R. humifusa Schiechter 3174) | South Africa. Herbarium
R. humifusa R. humifusa Devenish 958 South Africa Herbarium
R. humifusa R. humifusa Van der Merwe | South Africa Herbarium
s.n,

R. lachenalioides R. lachenalioides | Singh 72 South Africa Herbarium
R maxima R. maxima Lebatha 042 South Africa Fresh

R. maxima R. maxima Lebatha 077 Swaziland Fresh

R. maxima R. maxima Lebatha 042 South Africa Fresh

R. maxima. R. maxima. Lebatha 047 Swaziland Fresh

R. megaphylla R. megaphylla Lebatha 051 South Africa Fresh
Ledebouria sp. Ledebouria sp. Lebatha 010 Botswana Fresh
Ledebouria sp. Ledebouria sp. Lebatha 050 South Africa Fresh
Ledebouria sp. Ledebouria sp. Lebatha 059 South Africa Fresh

L. asperifolia L. asperifolia Lebatha 057 Swaziland Fresh

L. asperifolia L. asperifolia Lebatha 080 South Africa Fresh

L. asperifolia L. asperifolia Lebatha 090 Botswana Fresh

L. concolor L. concolor Re: Venter (1993) | South Africa N/A

L. floribunda L. floribunda Re: Venter (1993) | South Africa N/A

L. inquinata L. inquinata Lebatha 075 South Africa Fresh

L. luteola L. luteola Re: Venter (1993) | South Africa N/A

L. ovatifolia L. ovatifolia Lebatha 008 Botswana Fresh

L. ovatifolia L. ovatifolia Lebatha 063 South Africa Fresh

| L. revoluta L. revoluta Re: Venter (1993) | South Africa N/A

L. sandersonii L. sandersonii____ | Lebatha 085 -~ -| Swaziland ~ | Fresh _

L. socialis L. socialis Re: Venter (1993) | South Aftrica N/A
Schizocarphus nervosa | S. nervosa Codd 3731 South Africa Herbarium
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Table 3.2: Hllustrations and descriptive terminology of cell shape and sculpturing used
in this report. Adapted from Barthlott & Ehler (1997) and Christensen & Hansen
(1998).

A. Primary cell shape:

isodiametric-tetragonal elongate-tetragonal

<> isodiametric-polygonal < —> elongate-polygonal

B. Anticlinal wall boundary: /\/\/

Straight Irregularly-sinuate , curved or S-undulate

(Ump-undulate /\/\/\ V-undulate

C. Anticlinal cell boundary can be:

Undelimited; poorly delimited; depressed, channeled or grooved or simply raised

D. Periclinal wall curvature:

11 | Straight tabular cell

2. Tabular-convex cells:

/\____With papillae with hair-like papillae with hairs
3. Non-tabular convex cells: -
A ﬂ N\
Convex hemispherical domed conical with hairs

E. Cuticle sculpturing:

1. Degree of folding or striations can be: none; weakly folded or prominent.

2. Arrangement of striae can be: unordered-wrinkled; arranged in parallel to each other;

1 vertically -arranged_with_respect to lamina cell alignment; horizontally arranged or variously
arranged. e §
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3.4 RESULTS and DISCUSSION
The data matrix is presented in Table 3.3.

3.4.1 MACROMORPHOLOGY

Leaf shape, dimensions and orientation

The leaves of Drimiopsis are simple, erect or appressed to the ground, unsheathed,
parallel veined and sometimes pseudopetiolate. Length ranges from 2 cm in D. pusilla
U. & D. Miiller-Doblies (Figure 3.1 C) to about 45 cm in D. maculata Lindl. & Paxt.
(Figure 3.1 A). The lamina form varies from cordiform in D. atropurpurea N.E. Brown,
D. perfoliata Bak., D. carrii Lebatha (Figure 3.1 B), D. kikiae Lebatha, D. liniopapilla
Lebatha, D. pusilla (Figure 3.1 C) and D. woodii Bak., or falciform in D. botryoides
Bak., D. burkei Bak., D. stolonissima U. & D. Miiller-Doblies, D. davidsoniae U. & D.
Miiller-Doblies and D. queae Lebatha; or spathulate in D. comptonii U. & D. Miiller-
Doblies. Drimiopsis maculata possesses leaves cordiform to slightly sagittiform.
Drimiopsis barteri, D. fischeri (Engl.) Stedje, D. reilleyana U. & D. Miiller-Doblies

and D. rosea A. Chev. possess linear leaves.

Leaf margin

Leaf margins are entire in D. atropurpurea, D. barteri, D. botryoides, D. perfoliata, D.
stolonissima, D. comptonii and D. fischeri, or crenate in D. burkei, D. davidsoniae, D.
liniopapilla, D. kikiae and D. queae, to crenulate in D. pusilla. The margins are
undulate in D. maculata, D. woodii, D. maxima and D. reilleyana. D. carrii is unique
with a clefted crenate margin (Figure 3.1 B). Most taxa possess margins that are banded

except in D. barteri, D. burkei, D. comptonii, D. fischeri, D. maculata and D. woodii.

Pseudopetiole

Drimiopsis maculata, D. atropurpurea and D. woodii possess pseudopetiole

considerably longer than the lamina. The pseudopetiole in D. kikiae, D. liniopapilla,
and D. queae are approximately as long as the lamina. The oblanceolate lamina of D.

* comptonii tapers to the base forming a long narrow lamina extension, and is therefore

considered to be sessile and not pseudopetiolate. The leaves of D. barteri, D. burkei, D. |

stolonissima, D. botryoides, D. perfoliata, D. carrii, D. davidsoniae, D. fischeri, D.

pussila, D. reilleyana and D. rosea are also sessile.
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