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We work over them for months, patiently noting differences and resemblances,
assembling and segregating, seeming to have a scheme nicely worked out, only to have it
upset by a new batch of specimens, going through all the stages of hopefulness,
satisfaction, doubt , hopel essness, and final
the things! Whatdéds wrong with them anyway??6
Hitchcock (1916)
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ABSTRACT

A taxonomic revision of the genuglephantorrhizaBenth. (Leguminosae: Mimosoideae)
Alicia Grobler
Submitted in partial fulfilment of the requirements for the degree
Magister Scientiae
In the Faculty of Natural and Agricultural Sciences (DepartmeRtanft Science)
University of Pretoria
March 2012
Supervisor: Prof. Dr. A.E. van Wyk

ElephantorrhizaBenth. is a genus with eight species occurring in southern Africa. A
taxonomic revision of thigelatively poorly known mimosoid legume genus of medaired

to smalltrees orshrubs andeoxylicsuffrutices, is presentellephantorrhiza(family
Leguminosae, subfamily Mimosoideae) is endemic to Africa, south of the equatarring

in grassland and savanna with the highestispeativersity inthe centrato eastern region of
South Africa. Hitherto,le species delimitation and relationship among the taxaleen
unsatisfactoryl n Ross & 1974 r RBothalialil) amd subsequenhtreatngeet of u s
the genus ifrlora of southern Africgvolume 19 part 1)nine species as well as four

varieties and two subspecies were recognidethe time it was emphasised that tera
treatment was incomplete as several poorly known and possibly new species existed. These
includedat least one insufficientlyrfown species as well as a list of serious deficiencies in

the knowledge of the genasd concerns about the conservation statlis obliqua E.

woodii, E. schinzianandE. rangei In the present study,asromorphological (including
vegetative and reprodtive), anatomical and micromorphologidalta wee used toesolve

the infrageneric classificatioof Elephantorrhizalt is proposed thaElephantorrhiza

comprises eight species with no infraspecific taxa. SgeziesecognisedreE. burkej E.
elephantinaE. goetzeiE. obliqua E. praetermissgE. schinzianak. suffruticosaandE.

woodii. Keys to species, nomenclature, descriptions and geographical distribution for each of
the taxa are presented. The scope of this study did not permit d@&agstigation into

chemical or molecular evidenddowever accounts of such aspects of the genus based on
published reports are described. Ardepth study of the characters and character states as
well as their variation has resulted in a better ustdeding othe infrageneric taxonomy of

the genusThe main output of this study is the taxonomic treatrtieattenables users to

ix



determine correct names Blephantorrhizaspecies, detailed descriptions and their

distribution in theFlora of southerrAfrica region.

Keywords: anatomy, charactedsstribution,ecology,Elephantorrhizahabit adaptation,

leaflets, Leguminosae, morphology, pollen.



CHAPTER 1
INTRODUCTION

The first chapter serves as an introduction to the thesis and provides information to set the
context of the study. Objectives and hypotheses are set out to test in light of the rationale

and motivationassumed.

1.1 Background

The results of taxonomic studies of the geBlephantorrhizeBenth., a relatively pooyl
known mimosoid legume genus gnesented here. Information relevant to spelaesl
relationships was considered in an attempt to provide a sound empirical basis for a formal

taxonomic revision of the genus.

Elephantorrhizg(family Leguminosae, subfamily Mimosoideae, tribe Mimoséae)
an African genus endemic to tropical Africa south of the equator, but mostly occurring in
southern Africa. Although not formally recognised as being in need of scientific treatment
(e.g. Meyert al 1997), several uncertainties have arisen and therbden significant
taxonomic confusion particularly over species delimitation (Ross 1974; Ross 1975). Some
species oElephantorrhizamainly the more commada. burkeiandE. elephantinahave
been welknown for many years (e.g. Letty 1962almer & Pitma 1972 Coates Palgrave
1991;Van Wyk 1994 Germishuizen & Fabian 199Y¥an Wyk & Malan 1997Van Wyk &
Van Wyk 1997 Pooley 1998Coates Palgrave 2002; Schmédtal 2002 Curtis &
Mannheimer 2005), whereas the rest of the species are relatively uncandan

comprehensive taxonomievision of the genus is long overdue.

Some degree of taxonomic confusion has been perpetuated by inconsistent and
numerous partial floristic treatments. Unfortunately, studies based on political or
geographical boundariesmnot accurately delimit species because distribution and

morphological variation does not coincide with such artificial boundaries (Grimes 1998).



This study provides the first complete account of the genus following a monographic

approach to clarify longtanding confusion.

Some of the species, particularly those with more northern distributions have been
notoriously difficult to identify. Taxonomists should inevitably aim to make information, as
compiled in herbaria, available to the general botanidalipto aid in the identification of
species and allow them to add to the known botanical knowledge through field observations
and other practical activities (Brenan 1968). It is endeavoured that, in addition to scientific
content, this study will provida practical guide to the taxa and be of use to field workers that

do not necessarily frequent wkpt herbaria.

1.2 Rationale and motivation

Elephantorrhizéhas never before been revised in its entirety as a genus. In 1923 Phillips was
the first to comprehensively investigate specieSlephantorrhizeor southern African by

using specimens from South African herbaria. Before him, miscellaneous nategenus

and some species were made and it had been treated on a small regional scale. Phillips (1923)
noted that the shape and venation of leaflets provide the best pobsitdetergor

distinguishing between species and concluded with a revision of t&eseimcluding the

description of several new taxa.

Since Phillipsé treatment of t redsitegenus,
the groupn 1974, basing observations mainly on herbarium specimens. He systematically
revised taxa occurring in trsuthern African region culminating in his contribution to the
Flora of southern AfricdFSA in 1975. This input to volume 16, parbf theFSA with all
its limitations, is still considered the most up to date and most reliable source of taxonomic

information for the genus.

Ross concluded that the state of knowledge of thegkeft much to be desiredhd at
that stage only four specids. (elephantinak. suffruticosak. burkeiandE. goetzéihad

been weldocumented and collected. More material of other species was required. The



remaining species were all inadequately known and there remained concern about their

conservation status. He summarised some of the more serious deficienciesledgeow

about the genus and a plea was made to field workers to be especially observant and, if

possible, collect some of the following:

T

Material, especially fruiting material, &. obliguawhich was only known from

the type localities
Notes onconservation status of individual plants.

Fruiting material from both varieties & woodiiand more precise collecting
localities as well as ecological notes and information on the conservation status of

the species.

Additional and better material &. woodii specifically from northern KwaZutu
Natal.

More material, especially flowering, & schinzianand ecological notes and
information with regards to its conservation status and whether or not it flowers

when still leafless as in the casebofsuffuticosaandE. goetzei

More material, ecological notes and information on the conservation status of the

little known E. rangei

More material from the same locality whe&tey11073was collected, as the
plants from the Umtata aerodrome area in thedfastape might constitute a new

species.

During the last couple of decades, specimens of different species of the genus had

accumulated in several southern African herbaria, which provide the basis for this new

investigation. The motivation and also mdssirable outcome of this study are the definite

delimitation and circumscription of the genus and species boundaries.



1.3 Objectives

The main objectives of thimxonomictreatment of the genui&ephantorrhizavere:

T

To investigate the comparative mbgdogy ofmembers oElephantorrhizeand
present this in the form of a morphological data set based on explicit methods to

define characters and clearly divide them into unambiguous character states.

To do an extensive survey literatureon Elephantorrhizeand become acquainted

with its features and how these relate to other genera within the Mimosoideae.

To re-evaluate the considerable confusion regarding the delimitation of species within

the genus and correct it.

To pay particulaattention to the relationships between different species and

infraspecific taxa and accurately delimit the different entities.

To compile a review of pollen characters and to use them in assessing the different

levels of taxonomic hierarchy within the genu

To examine as margollectionsas possible in order to produce accurate distribution

maps to add to the definition of the different species.

To present and publish a clear and usable taxonomic accolepdfantorrhiza
including synonymy, species deigptions, maps, a key for herbarium and field

identification, specimen citations and other miscellaneous notes.

1.4 Hypotheses

Different hypotheses concerning the following were tested in this study:

1
T

Previously proposed infragenerieloitations of the genu&lephantorrhiza
Classification ofElephantorrhizawithin the family (Leguminosae) context

Previously proposeahfraspecific classifications of thepeciegepresented in

southern Africa.

Taxonomic significance of habit, leaf, flower, fraid pollen characters in the

delimitation of taxa.



1.5 Thesis organisation and structure

This revision ofElephantorrhizas structured according to the chapters which are arranged

and can be summarised as follows:

CHAPTER 1: INTRODUCTION

The firstchapter serves as an introduction to the thesis and provides information to set the
context of the study. Objectives and hypotheses are set out to test in light of the rationale and

motivation assumed.

CHAPTER 2: OVERVIEW OF THE GENUS

The family to whichElephantorrhizabelongs is introduced and briefly placed in a worldwide
context. Details on the Mimosoideae are giventaedoosition oElephantorrhizawithin the
subfamily explained. Furthermore, the genus is introduced and mention is made of its
discowery and taxonomic history. Some traditional usestaolbgicalassociations are

pointed out and the somewhat unusual habit of suffrutescens is discussed in some detalil.

CHAPTER 3: GENERAL MATERIALS AND METHODS

The study is outlined and the different aittes undertaken pointed out. Emphasis is placed
on the type of studyaxa sampled, voucher specimans the species concept adopted. The
various methods to studgiephantorrhizaarementioned More detailed accounts of materials
and methods followed are included in the chapters concerning specifaes of taxonomic

evidence

CHAPTER 4: MORPHOLOGICAL ANALYSIS

The types and choice of charactarsl character statesed are explained antbrphological
variation within the genus considered. Vegetative and reproductive morphological characters

of potentialtaxonomic significancevaluatedo provide a useful set of characters for the



identification ofElephantorrhizaspecies throughout aleasons. Tables are included to

summarise the differences and similarities betweephantorrhizaaxa.

CHAPTER 5: ANATOMY AND MICROMORPHOLOGY

The types and choice of charactamsl character statesed are explained. Variations in
anatomical and micromphological characters &lephantorrhizeare considered.
Anatomical and micromorphological characters of taxonomic significance are discussed and

tables are included to summarise the differences and similatiesgElephantorrhizaaxa.

CHAPTER 6: BIOGEOGRAPHY AND ECOLOGY

The associated habitat and vegetation typédeghantorrhizaaxa are investigated and
treated as charactei&ephantorrhizataxa are mapped to reveal phytogeographical patterns
of the genus. Taxa are mostly confined to the Saasl and Savanna Biomes in southern

Africa. Ecological aspects are considered and some speculations are made about preference.

CHAPTER 7: TAXONOMIC REVISION

This chapter provides a taxononieatmentnd nomenclatural overvieof the genus,
species and infraspecific taxa. A key to species is also pro\bdsdriptions are provided
for the genus as well as all infrageneric té&ame representative specimens seen and

authorities of nams are indicated

CHAPTER 8: GENERAL DISCUSSION AND CONCLUSION

The objectives of the study are revisited and the degree to which they were achieved is
reviewed. Some recommendations are made about possible future research within the genus

and concluding remarks apeesented



Literaturereferences for all chapters are cited at the end of the last chaagteort
Curriculum Vitae and a contribution regarding the taxonomic statds @ngej as
published inBothalig, are included in the appendices.

This thesis gegrally conforms and follows the style Bbthalia, in-house journal of

the South African National Biodiversity Institute.



CHAPTER 2

OVERVIEW OF THE GENUS

The family to whichElephantorrhiza belongs is introduced and briefly placed in a

worldwide context. Details on the Mimosoideae are given &hephantorrhizad s posi t i on
within the subfamily explained. Furthermore, the genus is introduced and mention is made

of its discovery and taxonomic Hizry. Some traditional uses and biological associations

are pointed out and the somewhat unusual habit of suffrutescens is discussed in some

detail.

2.1 Leguminosae invorldwide perspective

After the orchid (Orchidaceae) and daisy (Asteraceae) families, the Leguminosae (bean/pea
family) is the third largest flowering plant family in the world. Understandably, a large
diversity of life forms exists within this famidy including all life forms fom trees to aquatic
herb® of 727 genera and approximately 326 species with its cosmopolitan distribution
(Lewiset al. 2005). Indeed, except for Antarctica, the Leguminosae is represented on every
continent on Earth in all biomes and environments (€h8n8). The highest degree of

diversity within this family occurs in the tropics and subtropics (National Academy of
Sciences 1979).

A frequently asked question is on the use of the family name. In many publications, as
here, the name Leguminosae is preferred over the conserved name Fabaceae. This question
has its roots in the treatment of the family as one or three distinct famhiexe iE increasing
support for the treatment of the legumes as one monophyletic family (Btogde2000),

therefore the question tdie name becomes more relevant.



Lewiset al (2005) succinctly provide three options regarding the family name for the

legumes:

1. Leguminosae at family level with Papilionoideae, Mimosogsead
Caesalpinioideae at subfamily level.

2. Fabaceae at family level with Faboideae, Mimosoideae and Caesalpinioideae
at subfamily level.

3. Fabaceae treated at family level with the otherfamilies being Mimosaceae

and Caesalpiniaceae.

Clearly, the first option is the only one that avoids ambiguity, as opposed to using the
name Fabaceae which cold@ddto considerable confusion regarding the rank. The suggested
use of Leguminosae, for the family, and Papilionoideae, Mimosoideae and Caesalpinioideae
for the three recognised subfamilies, by Leetigl (2005) is adopted here in an endeavour

to avoid confision in the literature.

2.2 Agriculture and horticulture

From ahumanperspective, of all plants used by people, the Leguminosae is only second to
the grasses (Poaceae) in importance. It is well known that in developing countries, the fastest
and easidgsvay to augment the production of food proteins is to cultivate legumes.
Considering the size of the family, one would expect that many specidd have been
domesticatedyet less than 20 species are commercially grown. This leaves a very obvious
and nassive untapped potential resource, specifically as the need for human and animal food

increases (National Academy of Sciences 1979).

Many legumes, includinglephantorrhizgCorby 1988), have root nodules
containing certain species of bacteria that tgk@tmospheric nitrogen. This is then
converted to other nitrogenous compounds to the benefit of the plant through it being more
accessible. Therefore many leguminous plants are able to grow on relatively poor soils. This
ability is also exploited agricultally to increase and restore soil fertility, particularly in

tropical areas. For example, several speci€¥ofalaria grown in tropical Africa contribute



to soail fertility by their ability to fix nitrogen through root symbiosis wsthecies of
Bradyrhizobiumor MethylobacteriumNot only does this increase soil fertility for other

plants, but they also develop a high resistance to the main specieskiigbnematodes.

Thus, the use dfrotalaria species as a natural alternative to reduce nematoddapiops

seem very attractive, as opposed to physical, chemical, genetic and biological management
methods currently in use that may promote resistant nematode biotypes (&@iaad04).

This is but one of many potential uses of legumes in agriculture

As far as the horticultural industry is concerned, some of the most spectacular
ornamental species used for landscaping are legumes. Thia@easing need for shade and
beautification has led to the use of numerous legume species by city planweral Se
countries, including Brazil, New Zealand, Australia, Argentina, Barbdade®hilippines,

Hong Kong and Thailand kiechosen a showy legume as a national tree or flower (National
Academy of Sciences 1979).

2.3 Family characteristics

The closest family relatives of the legumes, which are also classified in the order Fabales, are

Quillajaceae, Polygalaceae and Surianaceae (Ledveils 2005).

Despite the size of the Leguminosae and its great range of variation, a number of
charactersre diagnostidor the family and distinguish it from other plant families. Members
of the Leguminosae characteristically have a single carpel, with the single ovary being
superior and surmounted by the style and stigma. Leaves vary immensely withiruthedeg
but are a relatively conservative characteristic of most genera. As a general guideline,
legumes with ten (or less) stamens are classed in the Caesalpinioideae and Papilionoideae,
while plants with more than ten stamens are classed in the Mimosdi#eaetory cells and
tannins are common in this family, and apart from a few exceptions, the fruit of the

Leguminosae is a pod (Woodland 19R&wis et al. 2005;Heywoodet al. 2007).
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2.4 Subfamily Mimosoideae

Subfamilies consist of a number of tribes which are made up, inofusmumber of genera.
Often, groups of taxonomically similar genera are sorted together within tribes. This makes it

easier to understand the relationsuipongcertain taxa.

Since theextensive overview of the LeguminodagPolhill (1994, the tribe Parkiae
has been included in the Mimoseae and the total number of tribes in the subfamily
Mimosoideae has thus been reduced from five to four namely Mimoseae, Acaciae, Ingeae,
and the mongeneric Mimozygantheae (Lewas al 2005). It is proposed that the
Mimozygantheae will also be incorporated within the Mimoseae in the near future (Luckow
2005).

A number of tribes can be recognised within the subfamily. Polhill (1994)g8&ce
generan the tribe Mimoseae. However, with the addition of the two genera from the Parkiae
and two relatively recently described geni€eaaloa(1994) andAlantsilodendror(1994),
the tribe currently contains 40 genera (Leatisl 2005).

Informally, 12 generigroups have been made within the Mimoseae by Lewis & Elias
(1981). This grouping was accepted and followed by Polhill (1994). Recently this number has
increased and now stands at 14 groups of which the Entada group contains the genus
ElephantorrhizalLuckow 2005).

2.5 Taxonomic history and characteristics oElephantorrhiza

During his travels into the interior &outh Africaand specifically the Northern Cape
Province, from 181111815 (Gunn & Codd 1981yVilliam JohnBurchellcollected a
specimen he at the time thought was a new speciksagia He based hiécacia
elephantinaon this specimerBurchell2410 in 1824. De Candolle based Wsacia
elephantorrhizaon the same specimen the very next year. However, haavattogether

satisfied with his decision of placing itinthe gedusciaand questi oned wheth
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perhaps a species Bfosopisinstead. Sprengel followed this up when he transferred De
C a n d oAcdcia éephantorrhizéo Prosopisin 1827 and Mger in 1836 followed suit with
B u r ¢ hAedcid @lephantinaalso placing it irProsopis

Bentham, howevegstablishedhe genugklephantorrhizan 1841 onBurchell241Q
He found it to be distinctly different frofArosopisin several ways, but paid spfc
attention to the fact that the pod is dehiscent and characteristically separates from the sutures.
These fruiting characteristics as well as the fact that it has more pedicellate flowers and
differs distinctively in habit and foliage appearance, aoced Bentham to warrant it being

considered a distinct genus.

Several miscellaneous notes and publications regarding some species of
Elephantorrhizéhave entered the scientific literature; however, the last relatively
comprehensive account of the genus was given in 1975 when Ross widéphi@ntorrhiza
for volume 16, parl of theFlora of southern AfricdFSA. Theprevious yearRoss also
reviewedthe genus drawing attention to some of the more serious gaps in our knowledge of
the group Since then, more than three decades have passed without any attempt to address
the problems and add information on the genus. It is therefore hoped thegsbestudy
will help to recognis¢he importance oElephantorrhizaecologically and taxonomically.

Table 2.1 summarises the taxonomic history of the genus outlining different authors and their

infrageneric classification of thgeenus.

The genu€lephantorrhizas an exclusively African genus aatithe start of the
present studgonsisedof nine species with several infraspecific taxa. Their habitats include
almost all major biomes south of the equator. As a group, they are fairly homogeneous.
Members of the genwse readily distinguished from any other closely related and similar
looking taxa such a&caciaby being unarmed trees, shrubs or suffrutescent in habit, often
with greatly enlarged underground axes (branches). Leaves are bipinoatplgund with
eglandular petioles, usually bhggeen in colour. Flowers almrnein spikes ancrewhitish
to yellow. Pods, at maturity, have valves separating from the persistent margin, not splitting

transversely into segments, but the exocarp of thenadl peeling off thenesocarp
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Anatomically the genus warrants further investigation. Met&l@halk (1950)
reportthe presence of centric medullary bundlegirlephantinaand medullary bundles
consisting of soft phloem surrounded by xylem almost devoid of vessels in young stems.
Also, the central portion of the mesophyll is often differentiated from the remainder by being
somewhat free from chlorophyll and the cells indtetien containing brown tanniniferous
materials (Metcalfe & Chalk 1950). None of the species has the tendency to become weeds
and it seems unlikely that they will become problem plants in other parts of the world.
Populations oE. elephantindnave previasly been misunderstood in this regard (Ellery &
Walker 1986).

The genus can thus formally be classified as follows:
Division: Magnoliophyta (Angiosperms)
Class:Magnoliopsida (Dicotyledons)
Subclass:Rosidae

Order: Fabales

Family: Leguminosae

Subfamily: Mimosoideae

Tribe: Mimoseae

Group: Entada

Genus:Elephantorrhiza

In a molecular phylogeny of the tribe Mimoseae it was foundBlegthantorrhiza
burkei which is in theEntadagroup (Lewis & Elias 1981) is separated to its own
independent clade form tltadaspecies used in the analysis. Four specié&ntddaand
one species dilephantorrhizavereused in this study (Sulaimaat al. 2003).
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Table 2.10 Species oElephantorrhizaasrecognisedoy di f f er ent aut hor s t hr ou gbatud pubbliteonsge nus 6

for each author are indicatedfor the particular taxon recognised
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1975 1975 1975
Baker f. 1930 1930 1930 1930 1930 1930
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2.6 Infraspecific classification

Six infraspecific taxa, two at the subspecific and four at the varietal level, have been
described sincElephantorrhizavas published by Bentham. These classifications are
somewhat weak in their delimitations of the different infraspecific taxa relying mostly on
characters and character states which often show great variation and phenotypic plasticity

within the Mimosoidea.

2.7 Geoxylic siffrutescent habit

In horticulture the term suffrutex is often confused with the word subshrub, since the Latin

for the latter is indeed O0suffrutexé. Howeve
subshrub isot necessarily a teiperennial, being only weakly woody and persisting for only

a few years. These include plants like lavender, thyme and periwinkle. To be clear, the term
suffrutex or the suffrutescent habit here refers to the morphological phenomenon where a
perennial plat is slightly woody at the base only, and often has unusually large underground

parts whichareused to store organic compounds and water during unfavourable seasons or

times when the plant has to survive without abgreund parts for whatever reason.

Two species oElephantorrhizanamelyE. elephantinand the less abundait
obliquaare characteristically suffrutescent in their habit. A third speBiew@odi) is
considered suffrutescent, but often has branching aerial stems, although the tsuskew iis
undergroundE. elephantinas by far the most widespread and best known species in the
genus. To such a degree is it successful, that some authors have deemed it a potential invasive
species in some areas (Ellery & Walker 1986), although Iityrélais is doubtful, since they
are not known to be aggressive growers. Furthermore, the report by&Ngatker (1986)
is flawed in several ways; assumptions are made about important matters affecting the results
of the study such as the age of cergaants in the study area. The main aim of the study was
to investigate and compale elephantinavith other herbaceous species (therefore
erroneously assumirig. elephantindo bea herbaceous plant), in terms of adaptive strategy
which allows it to suceed, apparently replacing perennial grasses and reducing grazing
capacity. Since the species iIisnb6t particul ar
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tannins, it is easy to understand why overgrazing and therefore lack of perennial grass cover
might lead to the assumption that the grasses are being outcompé&eeléyhantinavhen

in reality basic veld management should be addressed.

Nevertheless:. elephantinaan be assumed to be the most successful species when
considering distribution raye within the genus. Because of its distinctive tendency to grow
and formextensivecolonies underground, one could speculate about this strategy as opposed
to the conventional aboyground habit of woody plants and its possible evolutionary
advantages tthe suffrutescent speci€3everal theories have been proposed as to the origin
and selection of the (pyrogenic) geoxylic suffrutescent habit including fire, frost and
waterlogged soils amongst other things (Steenkeinab 2001).In a study and the
consequent description of the new spe€iatunaregam pygmad&ubiaceae) from the
woodland of southeastern Tanzania, itsygroposed that geoxylic suffrutescent species are
specialised growth forms that have evolved mainly as a resgorannual burning of
vegetation (Vollesen 1981). Vollesen (1981) gistnted outhat the massive subterranean

axes or branches are often mistakenly called rhizomes or rootstock.

Surprisingly there is very little literature on the exact nature asasehie
evolutionaryadvantages of plants adopting this typgmiwth habit. This is perhaps due to a
lack of evidence; studying the growth of plants over time could be tedious and lead to
inconclusive research. Logistically it is also difficult to worithwplants that havextensive
underground branches (e.g. May 2000). Because the form and habit of plants are directly
influenced by their immediate biotic and abiotic conditions, explanations of certain particular
growthforms might be extrapolated frors@ogical evidence. It is also significant to note
that in some cases it seems the suffrutescent habit has evolved independently in different
sections of a specific genus and that the habit carries more weight than floral characteristics
when classifying fants (Keay 1950).

Joseph Burtt Dav{1922) wasone of the first to hypothesise that a suffrutescent habit
might be an adaptation to the environn@eattrait that a plant evolved deliberately in order
to survive certain environmental constraints. He bésedhypothesis on several known facts

and gave a number of reasons including the notion that herbaceous plants are commonly
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believed to have been derived from more ancient woody forms through reduction and
simplification. Therefore, the suffrutescent habay also be viewed (from a geological
timescale point of view) as something like an intermediate form where the climatic cooling in
the Tertiary period effectively stunted woody plants until their aerial parts persisted for no
more than a single growingason. It seems thus that both fire and climatic changes, which
happened over a long period of time, had an influence on the development of suffrutescent
taxad plants had enough time to adapt to changing environmental conditions. Burtt Davy
(1922) concludetry noting that suffrutescent taxa on the Highwafi&outh Africaare the

only 6treesd of the open veld, since dédconven
occur in sheltered kloofs, sinkholes and on rocky outcrops or hills. Large woody aeria
organisms do not do well in this area, especially during the cold winter months as is evident
from farmers tryingd plant fruit trees o the Highveld. The suffrutescent condition persists
even when experimentally planted under more favourable condifpesimens dE.
elephantinavere transplanted and after years of more favourable temperature and soil

moisture content retained the suffrutescent habit (Burtt Davy 1922).

The main reason why one could see suffrutescens as an adaptation is due to
frequentd pastandpreseditf i res i n | arge extents of the sp
itself was formerly considered to be detrimental to grasslands and was thought to have an
artificial effect caused by human interference in natural areas. It has beefiict wattn
mandés interest from an agricultural point of
prevention campaigns were never deemed harmful to the environment. However, since it
became known that ecosystems, grassland in particular, require firentaimadiversityand
promote healthy energy flow within its structure, a shift in reasoning took place with regards
to typical grassland flora and the structure of the vegetation. As early as 1913, Gleason
already pronounced that in order to have prairas there must first be a prairie. The
existence of grasslands and fire is intricately linked in that extremes in temperature and
rainfall as well as fire promoted the establishment and expansion of herbaceous plants at the
expense of typical woody angiasins such as trees and shriNdsg] 1974 Sankararet al.
2008. Many woody grassland species have become fire tolerant and have, in fact, become

fire dependent. These include thecadled prerain flowers(Roux 1969)
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With these somewhat severe weathied environmentadonditions in grasslands
(frost, fire, temperature fluctuations, lightning etc.), the plants have developed broad
amplitudes of tolerance to cope with growth limitations. In grasslands, many plants have
adapted tary seasonwjinter) fire regimes by producing flowers in early spring (August
September), irrespective of rainfall. These species are callgdiprifowers and accumulate
water during summer on the Highveld. The accumulated water is stored in underground
storage organs, in tlease of suffrutescellephantorrhizaspecies, in the extensive
subterranean axes (branches). This allows plants to possibly act upon a light trigger, such as a
change in daytime lengthr an increase in temperature, or perhaps sptoladevelop the
dormart flower buds and prepare for anthesis before the grasses start resprouting. It is
hypothesised that this gives thesecatled prerain flowers a competitive advantage over the
grasses with regards to flowering, since the flowers are then still abledaxisel and attract
pollinators before being overtaken by the much taller grasses. Flowers need to develop
rapidly after a burn and all available resources are allocated for the development of
reproductive organs. Leaves only develop later to restocknherground storage organs
with nutrients after being depleted by the task of flowering, fruit formation and setting seed.

Some researchers also argue that the heat generated by a fire miglatraataggenic
agent, influencing natural selectiovidgl 1974), since firesn some parts of the world (not
southern Africagenerally occur in the growing season of plants. It is also important to note
that fire is just one of several factors reacting with vegetation to create a unique ecosystem
with specific attibutes. Other factors may include increasing aridity, droughts, warming
trends, thunderstorms etc. The timing of fires, however, is the most important contributor to
the natural selection process. Fires that burn during the growing and flowering season of
plants could affect the meiosis and gametogenesis inducing mutations and providing
genotypic variation for selection. This could possibly have been a contributing factor in the
development of the variety of species and ecotypes present in some grasslhes dad,
indeed, within the genus &lephantorrhizaMacMillan 1959). Ignition sources of such fires
are often proposed to be early and modern man, lightning and spontaneous combustion (Vogl
1974).

Another important point to contemplate is why suffrutescent species occur in different

vegetation types. If a species has evolved in response to fire and possibly some edaphic
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factors, why would the species be able to survive in vegetation types thatrtecassarily

conform or have the same abiotic sculpturing influences? One would expect to see the species
outcompeted by established vegetation units, unless the faculty of being suffrutescent has
some form of competitive advantage and such plants aeg¢@bglrow and thrive amongst

existing taxa. This seems to be the cadel@phantorrhizaand especiallf. elephantina

SuffrutescenElephantorrhizaaxa can be classified as p@aen flowers, or more
specifically geoxylic suffrutices, also known as urggleund treegWhite 1977. Several
Highveld taxa fall into this category suchRarinari capensisPygmaeothamnus zeyheri
Dichapetalum cymosuandZiziphus zeyheriandn his treatment of GifblaabDjchapetalum
cymosuny Vahrmeijer (1970) could link the distribution limits of populations in the study
area with a climatic boundary due to minimum air temperature and, most likely, soll
temperature. Its distribution was also correlated with a range of other edaphic factors
including low soil pH, weHdrained, lithosolic sandy loam and a low range of calcium
concentrations. This data suggests that geoxylic suffrutices may have preferential growing
areas, irrespective of other climatic factors. However, in the cdSemtfiantorhiza
elephantinano such correlations could be made as this species seems to be resilient on a
wide variety of soil types and different edaphic factors which suggests the climatic factor of
fire as the major driving force in the distribution of the spgcirom field observation where
the two species occur sympatrically, one would usually obgerekephantinan the lower
lying areas of the landscape, wherBasurkeiwould normally be found on rocky outcrops
and hills amongst other similar shrudndtreelike vegetation units. Burtt Davy (1922)
ascribed this phenomenon where trees and dile@lyegetation occur on hills and rocky

outcrops and is conspicuously absent from the open veld to three reasons:

1 The higher elevation and rocky terrain shelf@asnts from cold winds sweeping

across the plains.

1 A greater amount of water or soil moisture could possibly be retained in crevices and

other vertical strata of hills.

1 Hills often produce springs and that these again form sheltered kloofs for woody

vegeation.
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Omitted was the possibility that trees and sHikd vegetation occur on hills and rocky
outcrops because they are generally protected from fire in such areas. Generally the fuel load

on rocky areas is too low to sustain fires.

Except for the lagboint which is not necessatrily true, Burtt Davy might have adequately
explained the coccurrence oE. burkeiandE. elephantinavithin the same vegetation
assemblage although being ecologically and spatially disjunct within an area. This leads one
to canclude thak. elephantinas specifically adapted to a fire regime. Closer investigation
into the germination type of the species supports this theory.

Hofmeyr (1921) recorded plumule buryingin elephantinaAs the seed germinates, the
cotyledon tubeslongates not only to carry the radicle out, but also to implant the plumule into
the ground. At first the plumule develops fairly slowly in relation to the radieleh of the
two cotyledon stalks has three collateral bundiegh undergo secondary tlikeningto form
a periderm (Van der Schijf & Snyman 1970). Following a study of several savanna tree and
shrub species, Jackson (1974) noted that cryptogeal germination takes places in several
widely separated taxa. This type of germination, characteristételseedling burying its
plumule and shoots thus arising from well below the ground surfatteought to have arisen
as a result of evolution in a habitat that has for many thousands of years been subject to
annual burning. This is extraordinary focdiyledons, as this type of germination is normally

associated with the monocotyledons (Van der Schijf & Snyman 1970).

The behaviour or way suffrutescent plants function has also been described to some
degree. Groff and Kaplan (1988) proposed a structural analysis of possible topographical
relationships between the root and sprouting systems of plants. They did notnigt¢aksa
suffrutescent taxa into account, but the same principle can be applied, because it is only the
soil level that differs. The morphology, rather than anatomy and physiology has been
highlighted, therefore, one should consider the whole plant istiguneas a unit (Kraust al.

2003). The morphology of any part of a plant can always be related to its habitat and
function. Suffrutescertlephantorrhizaspecies adhere to the structural class known as root
borne shoots where subterranean plagiotro@adires with adventitious roots develop. The
underground rhizomes can, reportedly be up to 8 m long (Vanetvgk1997; Van Wyk &
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Gericke 2000) . Burtt Davy (1932) measured
Vereeniging to be 24 ft. (approximately 3 long in 1914,

2.8 Ecological associations

SeveraElephantorrhizespecies are afonsiderablecological significance withitheir
respective habitats.of exampleE. suffruticosas an important species of the vegetation of
mountain tops in northve Namibia (Burke 2005) artel elephantinan important
component of the scalled Egoli Granite Grassland vegetation type (Bredenletrap

2006).

Somenoteworthy biologicabssociations were noted during the course of this study

and are reported on leerThey include the following:

2.8.1 Pollinators

Flowers ofElephantorrhizashow sequential colour change from whitish or cream to yellow
and are scented multitude of pollinators are present around a flowering bush of
Elephantorrhiza Several wasp species hover amongst the spikes and a few butterflies have
been observed, but it seems that the most frequent pollinatorsdéphlantorrhizaspecies is

the African honeybed\pis mellifera(Figure 2.1)
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Figure 2.10 The most frequent pollinator of all Elephantorrhizaspecies is the African

honeybee Apis mellifera

Other insects that seemingly do not aid in the pollination of the flowers, such as
beetlescan be seen eating the flowers. The most commonreldeethdpillaging the flowers
is the fruit chaferPachnoda sinuatea member of théamily Scarabaeidae (Figure 2.2)
(Pickeret al. 2002). Flowers oElephantorrhizaspeciegprovide only pollen as reward. Other
Mimosoid taxa providing nectar, albeit in tiny amtauas reward, seem to attract a greater
diversity of assemblages of flower visitors than species that have only pollen to offer
(Fleminget al 2007).Mimosoid rees in full bloom, however, attract many insects, even

though they represent only a few taxa.

23



Figure 2.20 The common fruit chafer, Pachnoda sinuatafeeding on flowers of
Elephantorrhiza burkei This insect does not contribute to pollination, but eats the highly

nutritious pollen and other floral parts.

2.8.2 Host plant forGynanisa maja

Apart from a few species éfcacig Elephantorrhiza burkes the principal host plant for the
larvae of the majestic wattle or speckled emperor ngyinanisa majaWherethe natural
distribution rangesf these two speciesverlap themothseems to prefer laying its eggs on
Elephantorrhizarees on rocky hillsGynanisa majas a large dark brown moth more or less
dusted with white. It can be distinguished from other moths in the same genus by being one
of the smaller species, its forewibging less than 75 mm long and not falcate. Both wings
have a distinct dark brown marginal band. Although closely relatAthteteswith its claw

like spines on the tibiae, it has larger and thicker antennae. The speckled emperor is
celebrated on a pogta stamp of Mali where they also occur, but make ugeatiaspecies

as hosts and nurseries for their caterpillars (Pinhey 1972).
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2.8.3 Porcupine and Elephantorrhiza

The Cape porcupinéjystrix africaeaustralis a memberof the secalled Old World

porcupines, is fairly common in Windhgdkamibia,and surroundings, eoccurring with
Elephantorrhiza suffruticosa hese animals have developed a special taste for the rdats of
suffruticosaln the Blaaskoppie region in Windhoek, several damaged plants can be seen
with the roots dug out and eaten. Local people hiking in the area have reported that wherever
one sees a tree dug up for its roots, the plant is udtiadlyffruticosalt is wellFknown that,
being rodent s, psmantywibark mastnddubetdoweeen ns i st
Elephantorrhizaspecies contain high quantities of tannin. This specific behaviour could be
ascribed to the fact that higher quantities of tannin may be fouhe imark of trees than in

the roots and that they are therefore more edible. Palmer and Pitman (1972) report that the
roots ofE. goetzeare also often eaten by porcupines.

2.8.4 Dassies (rock hyraxes) andlephantorrhiza burkei

The Pretoria Nationdotanical Garden is home to many dassi®re¢avia capens)s The
population has, of recent years, become somewhat problematic due to the lack of natural
predators. There is enough vegetation in the Garden to sustain the population, but in winter
months they tend to overgraze abdowse the vegetation situatedtbe top and northern

side of the Silverton ridge. It seems they prefer certain trees and one aéthese
Elephantorrhiza burkeiDassies have been seen climbing up these trees, breaking branches
and stripping them of bark. It is not known if dassies medeof otheElephantorrhizaree
species. This behaviour could possibly be due to the large dassie population and the
consequent scarcity of food during winter months, rather than the palatability of and

preference foE. burkeibark.
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2.9 Biocultural sgnificance

Severakpecieof Elephantorrhizehave been used in the past as very effettaditional
medicines, amongst several other uses. With the rapid advancement of medical science and
knowledge in the recent past, many plants traditionally tereghedicines are not being

utilised anymore. There is, however, a new trend in the manufacturing and exploration of
traditional or alternative medicines of a natural kind and it is therefore necessary to look into

this aspect in some detail.

Many centures of practice underlie the important and widespread useczilsol
traditional medicine in South Africa and it is reported that8806 of South Africans are
treated by traditional practitioners using plant extracts as remedies (Btahdt995).
Resarch (Brandet al 1995) suggests that the majority of traditional remedies used by
patients from rural areas in Gauteng and Limpopo have minimal side effects. A small number
of these remedies, however, cause toxic symptoms, often necessitating haspiadisd in
some cases (e.Blephantorrhiza elephantinarethe cause of accidental death. Active
(toxic) compound®f Elephantorrhizaare unknown, although the related geritr#ada
contains the pentacyclic triterpenoid entagenic acid. It is poskéni¢hese or structurally
similar terpenoids and their saponins are preseflaphantorrhizaVan Wyket al 1997).

Elephantorrhizaspecies hae however been used in othesteworthyprojects
unrelated to their possible medicinal value such as atteahpeparating climatic and man

induced range degradation in Botswana (Ringetse 1990).

2.9.1Elephantorrhiza burkei

Roots ofE. burkeiwere used in Botswana by many people of diffeceittural groupsor
tanning, while its root bark has been used as an astringent (Watt & Beyetwijk 1962).
A soft porridge is also prepared from the roots for the treatment of diarrhoea (Metlzdbe
2006).
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Elephantorrhiza burkenas been mentioned as a possdtleobotanical plant used

for the treatment of sexually transmitted diseases (Tshikattrege2005).

2.9.2Elephantorrhiza goetzei

Elephantorrhiza goetzés a wellestablished medicinal plant of Zimbabwe and other areas
where it occurs (Chinemarmdal. 1985). It is also known to be used forbtrkfibres
(Jansen & Cardon 2005).

The powdered root dE. goetzeis said to be mixed with the powdered seeds of a
cucurbit and some powdered CMR beetles. This is then used as a purifier and cleareser after
wild party. Large doses of this concoction have proven to be fatal (Palmer & Pitman 1972).
The root ofAnnona stenophyllafused withE. goetzeis used to treat syphilis in Botswana
(Van Wyk & Gericke 2000). In recent years a number of different congmwere isolated
from E. goetzeiWanjala & Majinda (2001) report on a new stilbene glycoside and Mbyo
al. (1999) report on a new flavan. Several other compounds, used as a mixture, show
moderate activity against gram positive bacteria and fungi (biaghal 2001). Melgaardet
al. (2001) investigated the potential anthelmintic activitofoetzebark extracts which

proved to be effective.

The synthesis of elephantorrhizol, a flavanol isolated ffEomoetzethroughthe
oxidation of catechinlerivatives has also been accomplished (Bogeal. 2005; Boyekt al.
2006).

2.9.3Elephantorrhiza elephantina

Probably due to its wider distributioB, elephantindhas many more recorded uses amongst
a wide variety otultural groupsin recentyears several antimicrobial and chemical studies
have been conducted using extsaxftparts of the plant (Aaket al. 1998). Although it is

said to be the basis of an advertised nostrum of South African origin (MacOwen 1897), the

literature suggests otheise. Xhosa and Zulu medicinal uses include using the root as a
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remedy for dysentery and diarrhoea, stopping bleeding, treating intestinal disorders,
haemorrhoids, heart ailments and syphilis (Watt & Brémandwijk 1962 Van der Schijff

& Snyman 1970Hutchingset al. 1996 Appidi et al 2008). It has also been used as an
aphrodisiac and a decoction from it has been used as a remedy for human, bovine and equine
diarrhoea (Steyn 1949; Watt & BreyBrandwijk 1962 Mathabeet al 2006;Appidi et al
2008).Crude extracts of the plant proved successful in inhibiting the growth of four species
of pathogenic bacteria (Pretoriesal 2003). MacOwen (1897) states that an extract of the
fleshy underground parts used to treat sunburn, while Thonner (1915) a@@mns that it is an
effective remedy for haemorrhoids and can be used both as a fish poison and a medicine.
Further studies on aqueous extractk oflephantinaoots revealed significant anti
inflammatory and antinociceptive activity (Maphosat al 20M®). Although testedk.
elephantinavas not found to be active against schistosom@sising pathogens, even

though these plants are frequently ukedhis purposéy traditional healers in Zimbabwe.

Its apparent efficacy may be ascribed to other gffe@lants frequently used in conjunction
with it (Ndambaet al. 1994). Burtt Davy (1932) further reports that the long roots were used
by inhabitants othe area formerly known &gagatas countryanarea in North West

Province north of Rustenburg, neRilanesbergas moulds for making copper wire.

Recently a Souttrn African Development Community (SADC) ministerial consultive
meeting focusing on Nutrition and HIV and Aids paid special attention to the role of
traditional therapies in improving health. elephantinavas prominently mentioned as a so
called broad spectrum medicinal plant used in Botswana for anything from earache to
diarrhoea, wounds and sexually transmitted diseases. kangtl activity is of special
interest (South African Devgbonent Community 2003).

Ethnomedicinal and ethnoveterinary useg oélephantindhave been documented for
several different plant part§he bark was traditionally also usextan leatherThe bright
red colour of the rhizome indicates the presendaraiins known to have antidiarrhoeal,
antiseptic, antibacterial and antifungal propertjégatt & BreyerBrandwijk 1962; Van Wyk
et al 1997; Victoret al 2005).
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The combination of isocratic high performance liquid chromatography (HPLC) with
on line UVspectrum detection via a diode array configuration has been applied to the
detection and identification &. elephantinaamongst other traditional medicines and plants
in people treated for poisoning (Foukaridisal 1994). Maphosat al (2010b) conformed
the potential toxicity of aqueous extracts of underground paHs eEphantinavhen

elevated levels of these are ingested.

Some taboos are also associated with the species sudls@sga Shangaan
tradition which dictates that ihe remaining root system Bf elephantinas not covered
after a portion has been removed, the patients treated with it will not get better. This may be
interpreted as a means to prevent the-tnevesting of plant material, thus aiding

conservation dbrts albeit in a somewhat unconventional way (Van Wikl 1997).

Elephantorrhiza elephantinia a weltknown ethnomedicinal plant (McGaw & Eloff
2008). More recently, in a study investigating the efficacy of acetone extrdets of
elephantinaandAloe marlothii (both known ethnoveterinary plants) agaiBktlichia
ruminantium both plants showed inhibitory action. The acetone extracts also demonstrated
antibacterial activity againgischerichia colandStaphylococcus aureas well aBabesia
caballi (Naidooet al 2005; Naidocet al 2006).To validate their anthelminthic activities on
the egg and larvae oHaemonchus contortua gastrointestinal nematode parasite of goats in
the Eastern Cape, studiesnconducted using crude aqueous extracts. @lephantina
Theyshowed 100% inhibition of eggs hatching at concentrations as low as 2.5 mg/ml
(Maphoseet al.2010a)

Roasted, the seedsveessometimes been used as a coffee substitute, although
reportedly it has an acquired taste. Otherwise the seeds are toxic to several animals, including
humans having caused one known death and two recoveries after hospitalisation at Ga
Rankuwa Hospital, Pteria (Brandtet al 1995). Investigation of its toxicity showed that it
causes acute gastemteritis with numerous haemorrhages and marked degeneration of the
liver (Steyn 1949). Steyn (1949) also noted that the roots contain tannic acid, but tlsat this i
not necessarily the toxic component present in the seeds. Deaths in rabbits and in sheep are

caused by less than 23 g and 24 g of the seeds respectively.
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From the literature (Watt & Breyarandwijk 1962 Hutchings 1989; Hutchingst al
1996, it is known that several speciesBlephantorrhizéhave also been used for tanning in
the past. Indeedhe Afrikaans vernacular namegrbossieor looiersboontjiereflects the
popularity of this plant for tanning leather. The oldest evidence regarding the ccaime
potential of usingthesoal | ed 6éel ands boontjed for tannin
editor of theAgricultural Journal of Cape of Good Hojwy Hatcher in 1897. The letter is a
somewhat emotional plea to the government to investigatethbossi bi |l ity of usi
boontjed commercially as it might develop in
with waning fortunes in the northern territory (today the territory encompassed by the
Provinces of the Northern Cape and Norsivin South Africaand Botswana). Thelands
boontjereferred to in the letter 8. elephantinaMr. Hatcher goes dar as to propose that if
theelands boontjean be used for tanning, there is enough in the Vryburg area to supply half
the worldwith dye. Watt and BreyeBrandwijk (1962) report that dyes of a khaki colour are
made from the bark &. elephantindt uber sd. Roots that are cr us
Southern Sotho to impart a reddish colour to skins andtals@ake them supple (Jat
Guillarmod 1971; Van Wyk & Gericke 2000). Although the root bark contains ab©802&
of tannin, the root extracts contain too much sugar (about 16.8%) for them to be exploited
commercially. The sugar tends to ferment, giving the leather a rathé&actiaé red colour.
It is recommended that the underground plant parts be cut up in sections to facilitege dr
piled in open order andried in a shady shed or similar place to keep rain out, claiming that

6a mouldy boontje ienl&@87)spoilt boontjed (MacC

2.9.4Elephantorrhiza suffruticosa

Miscellaneous notes from Floras as well as Jansen & Cardon (2005) mention this species as a
medicinal plant. One of its common namiemiersbossigalludes to the fact that the bark
might havebeen used to tan leather in the past.
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CHAPTER 3

GENERAL MATERIALS AND METHODS

The study is outlined and the different activities undertaken pointed out. Emphasis is
placed on the type of studyaxa sampled, voucher specimeasd the species concept
adopted. The various methods to stu8ephantorrhiza are mentioned More detailed
accounts of materials and methods followed are included in the chapters concerning

specific sources of taxonomic evidence.

3.1 Introduction

The gaeral methods employed and materials used are discussed here. The purpose of this
chapter is to serve as an introduction to the methodological principles followed, hence the
somewhat extensive notes on the type of study and species concept ddoptatiailed
procedures followed fahe comparative study of specific sources of taxonomic evideitice

be discussed in the various chapters dealing with those facets of the study.

3.2 General materials

In situfield observation of different sympatrically growing species growing in the Pretoria
National Botanical GardeValuable observations were made with regard to the effdice

and frost on some of the species and their reaction to such environmeneiaesxbn the
Highveld of South Africa. Observations regarding pollinators and phenology were also made
in this way. Specimens collected on field expeditions are housed at PRU and PRE.

Pollen and leaflets used for electron microscopyasbtained from spg#mens
deposited at the National Herbarium (PRE), South African National Biodiversity Institute,
and the H.G.W.J. Schweickerdt Herbarium (PRU), University of Pretoria. Taxa and voucher

specimens are listed where applicable. Pollen and leaflets were abgsivg the
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JEOLG6000F in-lens field emission scanning electron microscope which is housed at the

Laboratory for Microscopy & Micraanalysis University of Pretoria.

Images of types were downloaded from the African Plants component of the Aluka
website www.aluka.org) and only holotypes and illustrations are shown to impart an
impression of each of the different species. Where scans were added, references to literature

are clearly made and cited in the list of references.

3.2.1 Vouchers for leafleanalysis

Voucher specimens examined for the comparative study of leaflets are listed in Table 3.1

below.

Table 3.18 Voucher specimens examined for the comparative study of leafletill
specimens are housed in the National Herbarium, Pretoria. yipe specanens are also

indicated

Taxon Voucher

E. burkei De Winter 417
Galpin 7081
Hilliard (Hillary ?) & Robertson 477

Jeppe 8

Mogg 37357

Merwe 79

Smith 3423

Van der Schijff 3356
Van Warmelo 5116/10
Vorster 1955

Wells 2022

Wild 5970

E. elephantina Baur 379
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Taxon Voucher

Biegel 4155

Biegel 4180

Botha & Ubbink 1052

Brueckner 1160

Burgoyne & Snow 4859

Codd 5723

Cole 1408

Cole 993

Compton 29160

Cross 277

Du Plessis 407

Eyles 2654

Galpin 1917

Gubb 142/30

Herbert PRE 53643

Hofmeyr 57

Jacobsz 2256

Junod 435

Kreulen 478

Leach 9674

Leeman 2

Leendertz 8429

Liebenberg 8476

Marais 193

Marsh 139

Pentz PRE 53660

Phillips 48

Smith 1368

Strey 5120

Sutton 604

Van Wyk &Theron 4887
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Taxon

Voucher

E. goetzesubspgoetzei

Barnard 143

Codd 9477

De Menezes 3290

Jansen 8042

Kerfoot 7981

Muller 3012

Pawek 13616

Smith 2057

Tinley 2181

Van der Schijff 3848

Van Wyk BSA1479

Van Wyk BSA 1910

Vorster & CoetzeP099

E. obliquavar. glabra

Barker 804

Codd 10119

De Wet 389

Eiselen H122%type)

Germishuizen 3351

Jenkins H9128§type)

Westfall 1589

Westfall 2040

E. goetzesubsp lata

Smith 2057

E. obliquavar. obliqua

Pole Evans H13185

E. obliquavar. glabra

Codd 10119

Dyer 3934

Gower s.n.

E. praetermissa

Acocks 20969

Burgoyne 6618

Codd 983(type)

Vorster 2128

E. schinziana

Dinter 5300
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Taxon

Voucher

Giess & Loutit 14209

Giess & Miller 13937

Giess 14791

E. suffruticosa

Auret5614

Biegel 4794

Carr 33

Garnet 79

Corby 1409

Giess & Loutit 14190

Hines 1087

Hobohm 139

Range 3467

Rogers 29755

E. woodiivar. woodii

Jenkins (TRV)9296

Strey 10000

Strey 9730

Strey 9760

E. woodiivar. pubescens

Wo0d2867
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3.2.2 Vouchers for pollen samples

Voucher specimens examined for the comparative study of pollen grains are listed in Table
3.2 below.

Table 3. Vouchers for pollen samples are listed herdll specimens are housed in the

National Herbarium, Pretoria. Type speanens are also indicated

Taxon Voucher

E. obliquavar.glabra Eiselen H122%type)

Westfall 1589

Germishuizen 3351

Barker 804

Jenkins H912&type)

. praetermissa

Codd 983Qtype)

Burgoyne 7647

Burgoyne 6618

. woodiivar. woodii

Wood 7958type)

Strey 9760

. obliquavar. obliqua

Pole Evans 13185

. elephantina Cole 1408
Du Toit 5129

. burkei Cole 1076
Van Wyk 2962

. goetzesubspgoetzei Smith 1457
Story 3967

. Schinziana Giess 14791

. suffruticosa

Van Wyk BSA 1262

Auret 5614
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3.3 General methods

This study was conducted at the University of Pretoria and the National Herbarium of the
South African National Biodiversity Institute, Pretoria, South Africa. Various herbaria were
visited to gather data on the habitat and distribution, phenology aaswvell
macromorphological characters of species. Several experienced scientists working on the
Mimosoideae were also consulted for advice, comments and ideas. Herbaria consulted
include PRU, PRE, WIND, NH, PEU, GRA, K (electronic format) and all types weressee
the electronic database, Aluka (www.aluka.org or otherwise hosted by JSTOR at
http://plants.jstor.org) under the African Plants Initiative (API). Herbarium acronyms are
abbreviated according to Thiers (continuously updated) which is based on HoBngren
Holmgren (1998).

Fieldwork was conducteith southern Africa to identify and observe plants in their
natural habitat. This led to a better understanding of the two different growth forms within the
genus specifically betwedhn elephantingsuffrutescentolonies) ande. burkei(shrubs or

trees).

A variety of features of the gen&$ephantorrhizavere studied using scanning
electron microscopy as the main tool for investigation. Both acetolysed and untreated
material was used in the study of the pollen grains, whereas only untreated material was used
for the study of the leaflets. The aperturepalfen grains are often modified by acetolysis
(Blackmore 1984), therefore untreated material was also studied to ascertain the availability

of any other possible additional characters.

Drawings and illustrations are means of qualitative data displdjiegadhe viewer to
see prominent characters of plants. It was therefore necessacjuttethese to add value
and comply with the envisioned outcomes of this study. All other photographs were taken by
the authorDistribution maps were compiled usipgint data obtained fror8IBIS
(http://sibis.sanbi.ofngwhich utilises several different data sources, including specimen data
from thePRECIS (PRE Computerised Information System) datadiase National

Herbarium Dots on the individual distribution maps (genus as well as species) indicate actual
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sample points where specimens were collected. The demarcated distributigramibn
2009)is based on the interpretation of point data as wealisisbutionnotes inliterature
references (e.g. Brenan & Brummitt 1970; Van Wyk & Van Wyk 1997; Coates Palgrave
2002; Schmidet al.2002; Leistner 2005; Boon 2010; A. de Castro pers. coniime).
distribution ofE. goetzeiknown to also occur in Malawi and Tanzam@snotdemarcated
due to insufficient point data amah arrow indicasits presence north of the focus area for

this study, southern Africa.

Descriptive terms for macromorphological characters are according to the glossary by
Leistner (2000, 2005) and those used for pollen grains and associated characters are
according to Hesset al (2009. Author abbreviation®llow Brummitt & Powell (1992)

In all tables, the geoxylic suffrutescent speckesglephantinak. obliquaandE.
woodii) are listed first and their rows shaded in grey to distinguish them from-strdltree

like species.

3.4 Approach towards taxonomic revision

Colless (2006)tates that morphological and molecular characters are not independent and so
cannot be accommodated in the same character space. They provide separate spaces that yield
separate taxonomies, for mutual comparison. Thesaltsd different and separate

taxanomies (often holistically referred to as systematics) have variously been interpreted as
being one of two kinds, namely taxonomy and phylogeny reconstructions (Buys & Smith

2006). Traditionally these have been understood as two different types of iatrestig

focusing on different parts of the botanical hierarchy. Taxonomy is traditionally the science
employed to study botany at the lower taxonomic levels (species and infraspecific levels)

which require a high degree of accuracy and considerable aédtaileas phylogenetic

reconstruction has in the past been the preferred method of higher hierarchical level focus for

example at the generic and family ranks.
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The ultimate aim of taxonomy is to have a comprehensive encyclopaedia of life with
all features ball biota known inthe greatest possible detail (Wilson 2003). Unfortunately
taxonomic studies have been stereotyped, especially of late with the onset e¢daliedso
molecular age, diplomatically termed as amateuristic, unfundable and unfocused (Stevens
2002; Wortleyetal. 2002; Buys & Smith 2006). These claims have, in general, been
promoted by advocates of molecular studies, since most modern phylogenetic reconstructions
have of late become the exclusive domain of DNA sequence analysis (Buys & Smith 2006).
Such studiesre not without problesand as the whole of Africa is still focussed on gaining
knowledge from an alphtaxonomic point of view (Stace 198@orphology and anatomy is

still, for all practicalpurposesthe only way to do systematic studies in mosttpigoups.

With the current need to document and monitor biological diversity enshrined by
different international conventioni is unfortunate that descriptive taxonomy finds itself
marginalised within the scientific community and even in traditional centres of excellence
such as natural history museums, herbaria and universities. There is a widespread perception
among nortaxanomists that the description of our flora was already completed years ago
(Christenhuset al.2009). This is somewhat of a misconception, since descriptive taxonomy
forms the basis of all molecular studies, using those taxonomies generated through
morphdogical study as starting poirherefore assuming it is accurate and constitutes
reliable science. For this reason it is critical to promote descriptive taxonomy and publish
results of such studies. At the moment, and especially concerning Africa, théise anly

reliable sources of taxonomic information.

From the onset of this study, it was decided to do a descriptive taxonomic study, as
defined by Wheeler (2004), and to add experimental work to a hypethrasia revision of
ElephantorrhizaThe ratonale behind this approach was to accommodateusars of this
study and, in a very small way, contribute to the envisioned encyclopaedia of life (Wilson
2003; Wilson 2004). Working in herbaria, one is constantly aware of the lack of recent
taxonomic wok and a decline in capacity. One must frequently rely on work done by
scientists prior to the dawn of the molecular age to do basic activities such as identifying
specimens by using a dichotomous key. Clearly molecular research and phylogenies are seen

asthe future of plant sciences. However, there is still a great need for providing a solid basis
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whereupon such studies can be built which can only be provided through traditional

taxonomic investigations.

Admittedly, DNA sequences and the interpretatiompbylogenies can be useful as a
complanentary tool to the study of classical taxonomy by providing support of hypotheses
(Endress 2003), but it should never become the exclusive technique used when studying
species. Staunch critics of taxonomical treateseassociated almost entirely with
morphology (Buys & Smith 2006) should perhaps consider why the only strictly
taxonomical/nomenclatural mycological journal has recently been revisiting its focus and
now excludes purely phylogenetic papers (Korf 2006g latterexplicitly states that without
monographs and inventories, no real progress in taxonomy can ever occur. These documents
are the summation of scattered reports on species and subordinate taxa, carefully
reconsidered and revisited. Virtually all speciescdptions of angiosperms are solely based
on morphological characteristics and to equate DNA sequences with taxonomic insight are
impossible (Wheeler 2004; Korf 2005; Buys & Smith 2006; Wheeler & Valdecasas 2007). As
the focus of morphological studies sho evolutionary reconstruction, morphology is,
ironically, more efficient than earlier (Endress 2003). For these reasons the biodiversity crisis
(Eldredge 2000) is also fuelled as lack of knowledge, and failure to gain the expertise
inevitably causes imkequate or no conservation of species (Korf 2005). No phylogenetic and
molecular research will be able to answer the question of how many species exist on earth,
since the only absolute conclusion such studies can come to is that the studied organisms
shae a distant, often extinct, common ancestor @eim@ relation to each other at all. In my
view, molecular phylogenies should be used as an additional character to support or reject a
hypothesis which should be based on morphology, since morphologyespiession of the

molecular makeup of the organism.

It is furthermore envisioned that the resulting information of this study should be
usable (e.g. plant descriptions and keys) and be of both practical and academic value. With
the current lack of taxomaic expertise, one is hesitant to employ DN&sed taxonomy
since the bulk of molecular work currently makes use of gene sequencing, which has hardly
ever been successfully applied to the level of species (Buys & Smith 2006). For African
plants in particudr, the emphasis is still on ongoing alghgaonomy which includes the
discovery, description and mapping of taxa and the completion of the Flora of southern
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Africa (Buys & Smith 2006). If this cannot be achieved, the survival of southern African
biodiversty is at stake, as species may already be lost without ever even knowing of their

existence.

For the different reasons stated above, preference was given to morphology and

anatomy as opposed to molecular studies whilst doing this revision.

3.5 Speciesancept

A specienameis defined as the binomial Latin or botanical name of a known plant made up
of the genus name and the specific epithet (Woodland 1991). The species concept is the
action of acceptingthesnpa | | e d Stuessyd9905impson 206; Stuessy 200%f a
species by applying one or a mixture of several species concepts to give meaning to either
individual or groups of plants. This places natural entities into a workable context whereby

one may do scientific investigations.

Since the gecies ofElephantorrhizaunder investigation are sexually reproducing
flowering plants within a single genus, the species concept adopted in this study, as
recommended by Stuessy (1990), is the bioldgipacies concept. This conceys
explicitly defined by Mayr (1940) when he stated that a species consists of a group of
populations which replace each other geographically or ecologically and of which the
neighbouring ones intergrade or hybridise wherever they are in contact or which are
potentially capble of doing so (with one or more of the populations) in those cases where
contact is prevented by geographical or ecological barriers. Simply put, a species is a group
of interbreeding populations, which are reproductively isolated from other such ¢kbayys
1969). In essence this implies the morphological species concept, but adheres to the broader
conceptual base by also covering the reproductive biological aspects even though such

empirical data is not necessarily available.

41



The views on ifraspecific concepts for pradtig plant taxonomists researching
sexuallyreproducing angiosperm taxa, &#ased on that of Stuessy (1990) for the consistent

and effective employment of these categories. These categories are summarised if3.Table 3.

Table 330 Criteria and characters to be used in distinguishing infraspecific taxa of

subspecies, variety and formas adapted from Stuessy (1990)

Characters
Infraspecific , , , Likelihood of -
Morphological Geographical Genetic Fertility of
taxon _ o _ natural _
differentiations patterns divergence S hybrids
hybridization
Cohesive;
distribution
distinct from
Several . Usually . Markedly
) ) areas occupied Possible along
Subspecies conspicuous markedly reduced
. by other o contact zones -
differences . multigenic fertility
subspecies of
the same
species
Cohesive;
sharing an area o
One or a few ] Multigenic or . Somewhat
. ] with one or ) Probable in
Variety conspicuous o with some ] reduced
. more varieties ) overlap region N
differences simple control fertility
of the same
species
Usually asingle Sporadic; Simple control
) o Always Complete
Forma conspicuous coexist in the (usually a N
_ ) expected fertility
difference same area single gene)

42




3.6 Character definition and variation

Taxonomy, per definition, is a major part of systematics that, accordBigiason (2006)

includes four components namely:
91 Description
1 Identification
1 Nomenclature and
1

Classification

The very first step in this process of different activities is desgniptWVhen describing
plants, certain features or attributes are assigned to taxa to distinguish between different units.
These features are known as characters. Each character should be able to take on one of two
or several forms known as character staléss, the raw data for taxonomic revisions are
characters and their differing states. Expressed differently, taxa are delimited by
discontinuous taxonomic variation and are thus circumscribed by their discontinuities from
one another (Stace 1980). In thisapter these parameters are defined for the different

Elephantorrhizaaxa.

Whereas identification has to do with the construction of keys, nomenclature is the
formal naming of taxa in accordance with a standardised system, and classification is the
arrangement of taxa in a systematic order. Nomenclature is done in compliance with the
International Code of Botanical Nomenclature, the latest version being the Vienna Code
(McNeill et al. 2006).

Due to the nature dhefeaturesof theplant characters are necessarily classified as
being either quantitative or qualitative. Quantitative characters are empirical attributes that
can be measured or counted or expressed as some kind of physical entity. Qualitative
characters, however, have diffetestates that can only be expressed by descriptive

terminology (Stuessy 1990). Both quantitative and qualitative characters are important in the
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delimitation of different taxa although more emphasis is often placed on quantitative

characters due to thempirical value.

Because the speciesBliephantorrhizaare relatively difficult to distinguish, the choice
of characterss important both for systematic diagnosis of each species, and in producing a
working taxonomy for the genus. The latie more important for the engsers of

classifications and emphasis was thus laid on morphological characteristics.
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CHAPTER 4

MORPHOLOGICAL ANALYSIS

The types and choice of characters and character states used are explained and
morphological variation within the genus considered. Vegetative and reproductive
morphological characters of potential taxonomic significance are studied in more detail in
an atempt to provide a useful set of characters for the identificatiorEééphantorrhiza
species throughout all seasons. Tables are included to summarise the differences and

similarities betweerklephantorrhiza taxa.

4.1 Introduction

To define the genuslephantorrhizacomprehensively and evaluate the differences among
species more objectively, it was decided to do further studies and literature searches with
regards to vegetative and reproductive aspects of the genus. Additional characters are
provided to acurately define specigand literature was studied to gain a more complete
concept of the genus.

Bent ham, in Hooker ds Jour rEephantrihiz88Baont a ny
all closely related other mimosoid legumes (at that $eagsopig by referring to the
following morphological charactersiore and pedicellate flowerthe suffrutescent habit of
some specieshelack of foliar glands and lower numbers of pinnae and leaflets, and the
unilocular pod which separates from its sutures. He fusfa@ed that it is closer to
Adenantherdut that the habit and pod characters are sufficient grounds for considering it a

distinct genus.

Elephantorrhizas a genus with a relatively diverse display of maarad
micromorphological features although sigsanay seem remarkably uniform at first glance.
Differences in habit, leaf, flower and fruit morphology are taxonomically significant in
distinguishing among species. Macromorphological atara are more accessible than

micromorphological ones when idéging plant specimens. However pollen characters
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prove to be of taxonomic significance at species level. Fortunately, by using a combination
of other characters, different species may easily be distinguished without the aid of a

scanning electron microspe.

The main characters of taxonomic significanceB@mphantorrhizaare expounded on
in this and in the next chapter. These characters have been implemented in the taxonomic
treatment of the genus. A list of characters and their respective character states are given in
Table 4.1. The different speciesEiephantorrhizaare evaluated against the characters and
the variety of their states and is summarised after the description of each of these. Only
characters which have fairly consistent states throughout the distribution range were
considered. Unreliable characters sastpubescence and flower colour were not considered.
Such characters are considered unreliable since it has been found that their phenotypic states

may vary on plants within the same colony or even on individual plants.

4.2 Vegetative morphological analyis

For most plants the vegetative and aerial parts are the most prominent aspects at all times of
the year. Researchers often emphasise the reproductive organs and their characters (such as
flower colour, pod shape and size etc.) in revisions. Althoughgiof taxonomic value and

helps to complete the overall visual depiction of the species, it does not help the field
researcher who wants to identify different species at times of the year when these features are
not evident or only fragmentary. Therefdaxonomists should try to make their revisions

more accessible to field botanists by producing works which clearly focus on the vegetative
characters, if possible and practical, more than on obscure or ephemeral reproductive

characters.

4.2.1 Habit

Theearly dicots, or ancestral flowering plants, are universally regarded as arborescent to
shrubby magnolialeans with large, complex flowers consisting of many parts. Habit has been

shown to be a taxonomically useful character within the legume family. Birsca very

46



large family and contains representatives of almost every possible variation in habit it is a
useful tool when classifying different genera and has some use at subfamily level as well.
Within groups where woody and herbaceous groups are rcm@uket is generally accepted

that woodiness in plants represents the ancestral character state and therefore the more basal

members of the group.

Table 4.10 A summary of the taxonomically significant characters and character states

recorded in the genusElephantorrhiza

Character Character states

Habit

Growth form Shrubl/tree Geoxylic suffrutex
Height of stems O 0.3 m >0.3m

Leaf

Oblique, ovate, ovateblong, narrowly oblong, oblong,

Leaflet shape narrowly oblanceolate, narrowly elliptic, linear dimtbar
oblong

Rachis length O ™Gmm > 7590 mm

Pinna pairs per leaf O 12 > 12

Leaflet pairs per pinna O m2 >12113

Leaflet venation Prominent Inconspicuous

i . From distal corner of leaflet .
Midrib orientation . Marginalthroughout
base becoming * central

Flower

Pedicel length O 1 mm >1mm

Calyx length O 1.75 mm >1.75 mm
Petal shape Linearoblong Lanceolate
Petal length O 3 mm >3 mm
Filament length O 5.5 mm > 5.5 mm
Anther gland colour Red to brown White to yellow
Ovary length O 2 mm > 2 mm
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In Elephantorrhizaall species are woody, although some species have developed a
suffrutescent habit. This is considered to be a more recent development in the genus in
response to adverse environmental conditions, particularly fire and frost. The suffrutescent, as
opposedo shrubbyhabit corresporgl(to some extentptenvironmental factors which are

discussed later.

Height of aboveground plant parts are an important character in the suffrutescent
taxa. The height of plants is also useful where a distinction is madedyeplants taller and
shorter than 1 m.

4.2.1.1 Growth form

Two distinct and easily observable growth forms occlgl@phantorrhizaPlants are either
suffrutescent with unbranched or branched aerial stems, or shrubs/trees with branched aerial
stems. @all thechamcters this is the most useful flistinguishing betweerné wo distinct

groups within the genus.

4.2.1.2 Height of stems

The height of aerial stems is of particular importance in distinguishing between taxa in the
group of suffrutescent species. Distinction is made between taxa that are up to 0.3 m and

thosetaller than 0.3 m.

An evaluation and summary of the important habharacterss givenin Table 4.2.
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Table 4.2 Species oElephantorrhizaevaluated against habit characters of taxonomic
significance. A closed circle (0) indicates
cl osed and open ciclosed ciecke indicatés tha dominamtstatelgand t h e

the open circle the occasional stat&eoxylic suffrutescent species are shaded

Habit

Taxon Growth form Height of stems

Geoxylic suffrutex | Shrub/tree |O 0 .| >0.3m

E. elephantina 0 3 0
E. obliqua 0 0
E. woodii 0 0
E. burkei 0 0
E. goetzei 0 0
E. praetermissg 0 0
E. schinziana 0 0
E. suffruticosa 0 0

4.2.1.3 Plant architecture

Plant architecture refers to the way in which plants, viewed as a purely physical entity, are
built up and of what typesf shapes they consist. Except for cryptic species, the architecture
of any plant (especially woody, perennial species) makes fotenesting investigation and
very useful morphological character. In the casElephantorrhizathis is even more so with

some species havingsaffrutescent habiwhile others are shrubby

A plant is made up of components of various types and shapes. The geometrical and
topological organisation of these components defines the plant architecture (Godin 2000).
The architecture of a plant depends on the nature and relative arrangement éitsach o
parts. It is, at any given time, the expression of equilibrium between endogenous growth
processes and exogenous constraints exerted by the environment. The architecture is

composed of hierarchicabot and shoot systems, which areturn, represded in part by
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cells and meristems. The four levels of plant morphological organisation are cell, meristem,
metamer and module. Elements that compose any level together construct the next, more
complex level. Architecture is thus the study of repeatingutesd since combinations of
modules build higher levels of organisation, namely the root and shoot systems (Barlow
1989). By studying and analysing the architecture of plants (i.e. by means of observation and
sometimes experiments), these endogenous Eesesn be identified and separated from

the plasticity of their expression resulting from external, environmental ictsdfallé et

al. 1978 Barthélémy & Caraglio 2007

Before the early 1970s, botanical drawings were the only means to represent plan
architecture (Godin 2000). During the past three decades, however, high performance
computerised methods have become available for plant growth analysis and simulation,
triggering the development of various formal representations and notations of plant
architecture. In 2000, Godin suggested that the primary most important task of the plant
modelling community should be the definition of common data formats and tools in order to
create standard plant architecture database systems that may be sharepeoglerde
researchers and research teams. Consequently, the most useful and applicable systems were
found to be those introduced by Barthélémy & Caraglio (2007). This system, as well as notes
from Hallé (1986), was used to define the plant architectureedlifferent species in

Elephantorrhiza

Elephantorrhizas one ofafew woody genera with members representing trees or
shrubs as well as suffrutescent plants. Other-kredvn Highveldgenera displaying this
kind of morphological variation afearinari (Chrysobalanaceae) with capensia suffrutex
andP. curatellifoliaa large bushveld tree, adiziphus(Rhamnaceae) with. zeyheriana

suffrutex andZ. mucronataa large grassland and savanna tree.

Suffrutescent plants can, in the context of plant architecture, be considered to be trees,
although they do not necessarily conform to the stereotypical impression of a tree. Plants
become trees in a variety of different ways. For most oEtephantorrhzaspecies, the
development othecrown, trunk and root systems happens synchronously, maintaining

constant proportion in parts. Two specie&t@phantorrhiza(E. elephantinaandE. obliqua),
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however, have adopted a completely different developmentabihelt has also been noted

for E. woodiito some extent. These species show a proliferation of trunks and crowns by
subterranean branching. Only the tips of branches are visible-gbmwed. Often, especially
after the veld has been burnt, only detern@rshoots, in the form of inflorescences are

visible above ground with leaves developing long after anthesis. This method is somewhat
advantageous in the sense that the plant can initially make use of the existing root system
(Hallé et al.1978).

Four mapr morphological categories are used as criteria for plant architecture description

and analysis namely:
Growth process
Branching process

Morphological differentiation of axes, and

= = =2 =2

The position of reproductive structures: latenmaiesminal.

Growth process

The primary growth of a plant can be defined as the result of several processes. These can be
grouped into two distinct, but eardinated morphogenetic events, namely organogenesis and

extension (Barthélémy & Caraglio 2007).

The initiation of new orgas, i.e. organogenesis, results from undifferentiated cells at
the apical meristems, located at the root and stem tips. These develop into functional units. At
the shoot tips small cell masses with different potentialities develop into embryonic leaves,

then leaves on elongated stems (Lyndon 1988).

A stem is the succession of internodes where internodes are defined as the spaces
between nodes, or places of leaf insertion. The basic entity formed by the node and its
associated leaf/leaves and axillary biigh{sis the subtending internode, represents the basic
plant structural unit known as the phytomer or metamer (Barlow 1989; Barthélémy &
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Caraglio 2007). Shoot apices are more than just meristematic zones giving rise to new leaf
primordia. The apical merigteis the originator of coordinated and repeated sets of parts that
eventually constitute the mature shoot. By excluding organogenesis processes and secondary
or radial growth and considering the extension process of the metamers, the specific growth

proces of Elephantorrhizecan be determined.

Shoots oElephantorrhizehave apices that can either have determinate or
indeterminate/indefinite growttA shoots showing determinate growth Isgis core function
when it commits to becomirgyspecialised structure in the form of an inflorescence.
Indeterminate or infinite growth (theoretically infinite up to the point of plant death) refers to
all other axes where apical meristems indefinitely maintain their potential to grow and which
will only be terminated through mechanical damage or pathogenesis (Barthélémy & Caraglio
2007).

Since they occur in temperate regions, all speci&egfhantorrhizaare affected by
seasonal changes in their environment and therefore show rhythmic (Bart@é@angglio
2007) or diffuse/intermittent (Hallét al. 1978) growth. This is expressed by periods of rest
in meristem activity alternated by periods of active growth flushes or shoot extension.
Continuous growth, whereby shoots show no marked endogerssatioa of shoot
extensionis a rare phenomenon in woody plants and generally only known from uniform

equatorial climatic regions (Barthélémy & Caraglio 2007).

Branching patterns

It is generally accepted that roots and shoots of plants are indepeiadeat ©f organs
(Reynekeet al. 1979; Grobbelaast al 1979) However, primordial sites on plants may give

rise to either roots or shoots depending omiwd of thelant especially after physiological
disturbance such as wounding (Barlow 1989). Thistrates the plasticity within plants and

how they, being sedentary organisms, cope with adverse environmental factors beyond their
control. This is, howevegnextreme case not often observedlaphantorrhizaand one

may conclude that roots and sk®ehould be considered two different and independent

organs.
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Branching can be defined as a repetitive process whereby a more complex
architecture consisting of several axes, one derived from another, is obtained in vascular
plants (Barthélémy & Caraglid007). These axes (for aerial shoots) or fundamental units can
also be termed metamers consisting of a leaf, the node, internode and associated bud. From
observing branches, it is evident that the sequence of metamers is arranged into
morphologically dissnilar groups that correspond to a pattern of growth which is interrupted
by seasonal periods (winter) of dormancy of the meristematic apex @allél978; Barlow
1989). Branching takes place when axillary buds start growing and every metamer therefore
contains a site with the potential to form another module. The shoot system is effectively a
collection of metamerically constructed modules with apical meristems of varying ages and
activity. Meristems only enter their final phase of development wherattgegommitted to
beconing flowers (Barlow 1989) as flowers atgy definition, determinate axes with

modified leaves functioning as reproductive organs.

For roots, the metamers forming the root system are rather more complex and neither
common nor well nderstood. It is, however, evident from root branching patterns that this
system must also have a modular character. Tree root systems are sometimes divided into the
long roots of unlimited growth and determinate short roots. Due to the lack of a prolonged
dormant phase, such as which shoots undergo in winter months, the roots are only influenced
by the apex from which they are descendent and this determines the distance from the apex at
which primordia are initiatead cahmdd otrh ee npea ggiet i:
young lateral roots. This would account for the difficulty in defining the exact modular
character of root systems (Barlow 1989). RootElephantorrhizaspecies contain rhizobial
nodules that are 3300 x3078 em in size (Corby 1988).

Shoot branching iklephantorrhizarelies on the delimitation of a zone of embryonic
cells just aside the leaf, that is, the axillary meristem. This is known as lateral branching as
opposed to branching which occurs when an initial apical cell spléstljirgiving rise to
two or more sibling axes resulting in, respectively, dichotomy or polytomy (Barthélémy &
Caraglio 2007).

53



Morphological differentiation of the axes

The overall growth strategy of a plant is determined by the general orientatioteafyts
axis and the spatial disposition of the leaves. Some of these axes may grow underground
while others are aerial (Barthélémy & Caraglio 2007).

In Elephantorrhizan particular, some axes are involved in space exploration while
others are involved in vegetative and sexual reproductive strategies while yet others are
exploiting their micreenvironments for plant nutritional or photosynthetic needs. This is
known asaxis polymorphism. It is a common occurrence in plants and represents a true
morphological differentiation related to meristem expression and activity (Hallé 1986
Barthélémy & Caaglio 2007.

Depending on the erect or horizontal habit of shoots, thepeaescribed using
certain criteria. Orthotropic shoots are erect with essentially radial symmetry, phyllotaxis
spiral or decussate (as in the casElephantorrhizd, branching threglimensional, axis
negatively geotropic, and often nflowering (not &vays in the case dilephantorrhizj.

This describes most of the specie&tdphantorrhizaHowever, the branching of the two
suffrutescent speciek (elephantinandE. obliqug as well a€. woodiito some extent, is
termed plagiotropic. Plagiotropghoots are more or less horizontal with dorsiventral
symmetry, leaves either distichous or (as in the cake elfephantinandE. obliqug
secondarily arranged in one plane, branchingdimeensional, axis diageotropic, often

flowering (not always in thease of théc. elephantinandE. obliqug (Halléet al 1978).

Position of reproductive structures

The impact that reproductive structuresdan the growth of a plant is immense and they are
thus considered as a whole when doing architectural st two possibilities are

considered, namely whether these structures are derived from the lateral or terminal meristem
and thus whether the associated reproductive structures are lateral or terminal in location
(Barthélémy & Caraglio 2007).
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Because there is considerable variation witHigphantorrhizaregarding plant
architecture, it was deemed important to add a section on this subject in an attempt to explain
the presence of the suffrutescent as well as the shrub/tree habit encourttezegbmus.

Table 4.3 summarises the four morphological categories used as criteria for plant architecture

description and analysis f&lephantorrhizaspecies.

Table 4.3 Evaluation of the architecture of Elephantorrhizaspecies using the four
major morphological categories for plant architecture description as criteria Geoxylic

suffrutescent species are shaded

Morphological Reproductive

Elephantorrhiza Growth process Branching differentiation of structures:

taxa process axes lateral or

terminal
E. elephantina | Determinate (ending iy Lateral Subterranean Lateral
E. obliqua !nflorescgnces) and plgglotroplc shoots
B indeterminate; with possible
E. woodii rhythmic (seasonally orthotropic distal
bound) ends
E. burkei Determinate (ending if Lateral Aerial orthotropic Lateral
E. goetzei !nﬂorescc_ences) and shoots
_ indeterminate;

E. praetermissa | rhythmic (seasonally
E. schinziana | bound)
E. suffruticosa
4.2.2 Leaves

After habit, leaffeaturesare the most diagnostic of all characters. Except for phenotypic
plasticity, which may affect the leaflet size, the shape and other features present highly usable

characters of taxonomic significance.

In the Leguminosae a wide variety of leaves are ptesmad are diagnostic of certain

groups.Elephantorrhizdeaves are bipinnate with eglandular petioles which distinguishes the
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genus from most other mimosoid taxa. Pinnae consist4#f 8pposite pairs; the pinnae each

with many pairs of leafleisome leflets with glands at their bases

However superficially uniform, the leaves provide a very useful tool in the

identification ofElephantorrhizaspecies. The characters below were found to be diagnostic

The first set of characters is qualitative (Tahl& 4whereas the second set is

guantitative and empirical (Table 4.4).

4.2.2.1 Leaflet shape

Size and shape of leaflets are often used as chaaatiein the legume family (particularly

in Papilionoideae) and many species may be distinguished based on different variations of
leaf shape and size. Within the Mimosoid#sey havebeen proven useful, although the size
of leaflets may vary a lot. The @be of leaflets seems to be constant and predictable for each
species and depends on the orientation of the midrib. Leaflet shagsbesween oblique,
ovate, ovateblong, narrowly oblong, oblong, narrowly oblanceolate, narrowly elliptic,

linear and limaroblong.

4.2.2.2 Leaf venation

A stable character in mature leaves. Distinction is made between taxa with prafmenent
veins raised above leaflet surfae@d those with inconspicuogise. veins not raised above
leaflet surface or otherwise obsepvenation.In some species lateral nerves are prominent

wheras in others they are inconspicuous.
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4.2.2.3 Midrib orientation

This character variemmongspecies but is constant withaenspecies. It is eeliable character
in leaflets of mature leaves. The midribElephantorrhizdeafletsis positioneceither from
the distal corner of the leaflease becoming almost centrali®completely marginal
throughout.

An evaluation and summary of the impaottgualitative leaf characters gsovided
in Table 4.4.

4.2.2.4 Rachis length

Where mature leaves are concerned, this character, as well as sevetebbtharacters

(pinna length, number of pinag@er leaf, number of leaflets per pinna, leaflet venation and
midrib orientation)is stable and may be used with a high degfemnfidence. Rchis

length may be used to distinguish between two groups; those with a length of less #tan 75
mm and thos&ith a length of more than ¥Y80 mm.

4.2.2.5 Number of pinna pairs per leaf

A reliable and consistent character in mature leaves. Distinction is made between taxa with

more than, or up td.2 pairs of pinnae per leaf.

4.2.2.6 Number of leaflet pairs pepinna

A stable character in mature leaves. Distinction is made between taxaavétthan, or up

to, 12 or13 pairs of pinnae per leaf.
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An evaluation and summary of the important quantitative and empirical leaf

characters argivenin Table 4.5.

Table 4.40 Species oElephantorrhizaevaluated against qualitative leaf characters of
taxonomic significance. A closed circle (0)
occurs. Where closed and open circles (3) ar

dominant state and the pen circle the occasional stateGeoxylic suffrutescent species

are shaded
Leaf
Leaflet shape Leaflet venation Midrib orientation
, From distal
Taxon Prominent .
. Inconspicuous corner of ,
- (raised . Marginal
Description (not raised above | leaflet-base
above . throughout
surface/obscure) | becoming £
surface)
central
Linear to
E. elephantina IEEeleleie) o) o}

rarely narrowly
oblanceolate

Oblique, ovate
E. obliqua to ovate
oblong

O«
Ox¢

E. woodii Linear to 5 5
: linearoblong

Narrowly
oblanceolate tc
E. burkei narrowly 0 o]

elliptic, or
linearoblong

Linearoblong
E. goetzei to narrowly o] o]
oblong

Linearoblong
to oblong

O«
(@]

E. schinziana

Linearoblong
to linear

Ox¢
(@]

E. suffruticosa

Linear or -

E. praetermissal .
P linearoblong
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Table 4.5 Species oElephantorrhizaevaluated against quantitative and empirical leaf
characters of taxonomic significance. A cl
character occurs. Where closed and open ci
the dominant state and he qoen circle the occasional stateGeoxylic suffrutescent

species are shaded

Leaf
Taxon Rachis length Pinna pairs per leaf | Leaflet pairs per pinna
O MBMmM|>7590mm| O 1] >12 O M2 | >1213
E. elephantina 0 0 0 0 0
E. obliqua 0 0 0 3
E. woodii 0 0 0
E. burkei 0 0 0 0
E. goetzei 0 3 0 0

O«
O«
O«

E. praetermissg

[@]3
(@]
[@]3
Ox¢

E. schinziana

O«
(@]
Ox¢

E. suffruticosa

4.3 Reproductive morphological analysis

Although pollination and fruit set are crucial aspectglephantorrhizabiology, they remain
unstudied for all species. Some specieBlephantorrhizae.g.E. praetermissgaE.

schinzianaE. woodiiandE. obliqug exist as localised populations in habitats that are
constantly under threat of some form of human disturbarwrefore, understanding the link
between floral visitation and seed set not only resdgdts between plants and the

biodiversity of flower visitors, but will also be crucial to understanding factors which may, in

future, limit recruitment of dwindlinggpulations of some species (Stateal 2003).

The flowers ofElephantorrhizalike those of most mimosoid genera, are relatively
simple in structural organisation being pentamerous, bisexual and borne spirally on spicate
inflorescences. Individual flows are small and somewhat inconspicuous with the perianth
not showy. Nonetheless being crowded in a spike they present a more intense visual impact to

possible pollinators. Hence, the inflorescence is the equivalent of petals (Ross 1979).
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Therefore the deease in size and loss of original functions of the perianth does not lead to
the loss of function (Endress 2008).

The flowers of mosElephantorrhizespecies are mostly yellowish white in colour
turning somewhat golden with age. The colour change map lo&dication to pollinators
that the flowers are spent and that energy should not be wasted on them, but rather on flowers
that still provide a rewaft therefore maximising pollinator efficiency. Flowerskafgoetzei
may sometimes be tinged with pink arrple. Pollinators include bees, wasps, sometimes
butterflies and, to a lesser extent, beetles. The fruit chafers seen on species of
Elephantorrhizaare anthophagous and do not contribute much to pollination (see Chapter 2;
2.8.1; Figure 2.2). The genustiefore represents a case of generalist entomophily, since the

same kinds of pollinators were observed in different populations of the same species.

As far as phenology is concerned, it seems all trees or suffrutescent species in a
population of conspecd plants display synchronisation of phenoevents such as flowering
time, anthesis, leaf production and fruit set. In general, specigdsmiantorrhizalower
from early spring to misummer after which fruit development takes place. The pods start
disintegrating by autumn and the remains of the margins may be seen dangling from trees
throughout winter.

4.3.1 Gynoecium and androecium

This section aims to review the floweisitor assemblages, floral reward and flower
phenology. This is represented bgeaiew of the gynoecium and androecium and by

focusing on the structures that facilitate the process of pollination.

The gynoecium is defined as the female part of the flower, consisting of ovary, style

and stigma; also called the pistil.

Hitherto, nostaspects of the gynoecia Bfephantorrhizaspeciesvereunknown. A

characteristic of mimosoid legumes is the lmwmber ofpods or fruit set per inflorescence
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(Kenrick 2003) andelephantorrhizas no exception. Typically only up to five pods are found
perinflorescence. Some hypotheses have been proposed as to why this happens including
biennial/alternate bearing and the presence of some kind -ofsefhpatibility complex.

Several mimosoid genera are known to be highlyisetfmpatible (e.g. Fleminet d. 2007).
Environmental and climatic effects are so great and diverse that it will be very difficult to
determine whether biennial bearing occurklephantorrhiza The presence of a self
incompatibility system, insufficient viable pollen grains, limatiunavailability of

pollination vectors, environmental conditions or a combination of these factors may all

contribute to the low fruit set iBlephantorrhiza

Seeds otlephantorrhizaspecies (specificall. elephantinandE. burke) have
been found to be parasitised quite often and new seedlings have never been encountered in
the field. This is despite their apparent germination vigour under experimental conditions
(Ellery & Walker 1986). This might be ascribed to a rather simpd atkaloid composition
present in the seeds which weakens the defence capability of the seeds to insect pests,
although further biochemical studies need to be done in order to confirposisidbility (Wei
et al 2007). Thesapparent limitationkave, havever, not prevented the genus from being

successful with regards to its range of distribution.

The androecium is defined as the stamens and accessories of one flower. A stamen is
the pollenproducing structure in the flower consisting of an anther didnaent. Different

aspects ofhe stamen®f Elephantorrhizaare discussed in more detail below.

4.3.2 Flower

Vegetative and floral morphology offers the most useful data for taxonomic purposes in
almost all groups of flowering plants, and at all levels of taxonomic hierarchy (Stuessy 1990).
Several characters tifeflowersof Elephantorrhizaare of taxonomic significanc&heyare
characterised by being arranged in spiciform racemes which are axillary, solitary or fascicled,
often® aggregated. Flowerwe pentamerous, pale yellowishite to bright yellow and on
pedicels of 12 mm long. Flowefeatures are typically stable and are therefore reliable

taxonomic characters.
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The first set of charcters is qualitative (Table 4,&vhereas the second set is

guantitative ad empirical in nature (Table 4.7

4.3.2.1 Petal shape

As with most reprodetive characters in plants, in the Leguminosae and all three subfamilies,
petal shape is generally a conservative character. Petalshardiaiaroblong or lanceolate
This is a very conservative characteEiephantorrhizalowers although it i:iot particularly

usefultaxonomically

4.3.2.2 Glandilar hair (trichome) colour

Glands(usually extrafloral nectariegye a prominent feature of the Leguminosae and
especially the subfamily Mimosoideae. Glands are indstributed along the leafchis in
mimosoid genera builephantorrhizagenerallylacks glands okeaves. However, minute
trichomesare present at the basegloé pedicels inElephantorrhiza They function to
improve pollination and have distinctively different colours in dried specinassnction is

made betweetrichomesthat are either reddish to brown or white to yellow in colour.

An evaluation and summary of the important quantitative floral characters are

providedin Table 4.6.
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taxonomic

species are shaded

significance. A

c |

osed ci

occurs. A hyphen {) denaes uncertain or unknown states Geoxylic suffrutescent

Table 4.6 Species oElephantorrhizaevaluated against qualitative floral characters of

r cl

Flower
Taxon Petal shape Glandular hair (trichome) colour
Linear-oblong | Lanceolate | Red to brown | White to yellow
E. elephantina 0 0
E. obliqua 0 0
E. woodii 0 - -
E. burkei o] 0
E. goetzei 0 o}
E. praetermissa 0 0
E. schinziana o] o}
E. suffruticosa 0 o

4.3.2.3 Pedicel length

e

(0)

An often overlooked character of taxonomic significance, pedicel length is more widely used

in the Papilionoideae of the Leguminosae. Ross (1975) was the first to introduce this
character to the definition @&lephantorrhiza Although it has limited usefulness, it remains a

distinguishingfeature Distinction is made between pedicel lengths of up to 1 mm and longer

than 1 mm.

4.3.2.4 Calyx length

A useful character particularly used for the Papilionoidddke Leguminosae. Ross (1975)

was the first to introduce this character to the definitioBlephantorrhizaWithin the genus

it is a stable character and distinction is made between species with calyces up to 1.75 mm

long andthosewith calyces longer #n 1.75 mm.
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4.3.2.5 Filament length

Filament length is a very good character and often used in other groups of the
Leguminosaé e.g. in the Papilionoideae genuasligofera(Schrire 19919 due to the
persistent nature of filaments even when other floaigtispdisintegrate. IElephantorrhiza

distinction is made between filament lengths of up to 5.5 mm and more than 5.5 mm.

4.3.2.6 Ovary length

Ovary length is a very goatlagnosticcharacter and often used in other groups of the
Leguminosaé e.g. in the Bpilionoideae genusdigofera(Schrire 1991)Ovary length is a
constant and reliable character and was first introduced by Ross (19E®plantorrhiza

distinction is made between ovary lengths of up to 2 mm and more than 2 mm.

4.3.2.7 Petal length

The lengthof mature and open petalagmeasured and found to be a galiagnostic

character consistent for each species. Although uncommonly used, it does provide a useful
taxonomic character for many of the genera in the three Leguminosae subfandilies an

often very useful at species level Brephantorrhizadistinction was made between petals

with lengths up to and more than 3 mm.

An evaluation and summary of the important quantitative and empirical floral

characters argrovidedin Table 4.7.
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Table 4.© Species oElephantorrhizaevaluated against quantitative and empirical
floral characters of taxonomic significance.

which the character occurs.Geoxylic suffrutescent species are shaded

Flower

O 1|>1 |01.75|>175|055 [>55 [0 2[/>2 |O 3(>3
mm | mm | mm mm mm mm mm |mm |mm | mm

E. elephantina 0 0 o] o] 0
E. obliqua 0 0 o] o] 0
E. woodii 0 0 o] 0 0
E. burkei 0 0 0 0 o}

E. goetzei 0 0 0 o] 0

E. praetermissa 0 0 0 0 0
E. schinziana 0 0 0 0 0
E. suffruticosa| © 0 0 0 0

4.3.3 Fruit

Fruit morphology ismportant in the classification, delimitation and identification of seed
plants, because generally they provide characters very reliable in the characterisation of
genera and families (Lawrence 1951). However, they are not always readily available for
study and are therefore not always useful from a practical point of view. Fruit and seed

characters were not used in this study.

The only noteworthy fruit character which applies to all speci€degfhantorrhizas
the pod valveshatseparate from the péstent marginsk. goetze{both subspecies) are also
known to have much longer and more slender pods than other species. This character easily
distinguishes it from albtherspecies in the genushesignificanceof thishas not been

established.
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4.3.4 Seed

Seed morphology has never been investigateiail inElephantorrhiza Seed size and

weight differ quite significantly between species with the largest seeds found in the Highveld
speciesE. elephantinandE. burkei The seedsf E. obliquahave never been recorded and
remain unstudieddofmeyr (1921) recorded plumule buryingkn elephantinaThis is
extraordinary for dicotyledons, as this type of germination is normally associated with the
monocotyledons (Van der Schijf &yman 1970)Notes on the seed and seedling
development oE. elephantindhave been summarised in secti@ry Geoxylic suffrutescent

habit.
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CHAPTER 5

ANATOMY AND MICROMORPHOLOGY

The types and choice of characters and character states used are explafagdtions in
anatomical and micromorphological characters of Elephantorrhiza are considered.
Anatomical and micromorphological characters of taxonomic significance are discussed
and Tables are included to summarise the differences and similarities between

Elephantorrhiza taxa.

5.1 Introduction

Scanning electron microscof$EM) of the leaflets revealsoteworthyandtaxonomically
usefulsurfacecharacters. Anatomical studies of the leaflets further confirm what is seen on
the outside of the leaflets and this section completesaimparativanorphologicaland

anatomicalnvestigation of the genus.

5.2 SEM study of leaflets

Characters of the & are second to only those of flowers and fruits in the extent to which
they are used, and in their value, in taxonomic studies being strictly comparable over a wide
taxonomic range ahbeing generally present plants. With many leedurface characters

there is a danger in taking apparent short cuts which often lead to wrong conclusions. An
example of this may be the observation of characters by oniptover microscopy or by

inferring developmental sequences from mature structures (Stace 1984).

SEM involves a narrow beam of electrons scanning over the surface of a specimen in a
vacuum. Specimens are prepared by coating them with a thin metal layer, usually gold. This
layer of gold then gives off secondary electrons that are collected by a detectmucepan
image on a monitor. This type of microscopy permits the development ofdinneasional

images.
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Over the last three and a half decades of SEM studies, an extraordinary diversity of
microstructures has been revealed on plant surfaces. Ba1i916@) groups surface

characters in four categories:
91 Cellular arrangement or cellular pattern
T Shape of cells (the &éprimary scul ptured)

! Reld of the outsecaoarddr ywadduwl pttthree® super.i
sculpture) caused mainly feyticular striations and superficially visible wall

inclusions and wall thickenings

f Epicuticul ar secretions (the O0tertiary sc

structures), i.e. mainly waxes and related substances

The taxonomic importance of certanrface structures in plants can be very high at all
hierarchical levelslegpending on the aim of the study. This is a potentially useful character
This can be particularly helpful and of practical importance if there is a notable difference
between thewgface structures in closely related taxa, i.e. at species level. Therefore it seemed

an importansource of taxonomic evidente explore in the species Bfephantorrhiza

5.2.1 Materials and methods

Leaflets from differenElephantorrhizaspecies were collected from specimens in the

National Herbarium, Pretoria (PRE). Voucher specimens are listedapter 3 detailing the
materials and methods (Table 3.1) of this studly special treatment was given to the leaflets
and they were simplytigck ontometal plates by using doubstded tape after which they
weresputtercoated with a thin layer of gold. Care was taken to handle the individual leaflets
as little as possible to avoid any indentation or contamination of the leaf surfacetitht

be clearly visible under SEM. Both the adaxial and abaxial sidbe [&faflets were studied

and photograpdd at different magnificatios
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5.2.2 Results and discussion

High resolution SEM studies of wax crystalloids provide valuable new data for the
classification of angiosperms up to thgerorder levelNoteworthy results obtained from
SEM are discussed in greater det@lowbased on the groups of surface characters
(Barthlott 1990).

5.2.2.1 Cellular arrangement or cellular pattern

At low magnification, one can easily get an overall idea of cellular arrangement and diversity
as well as the distributional pattern of certain idioblastic elements like trichomes and stomata
on the leaflets

Trichomes are uncommdut are occasionally found on the adaxial surfaces of
leaflets It is noteworthy that a secretion of epicuticular wax crystalloids is afreemt
trichomeswhereas the rest of the epidermal cells show heavy secretions .of nedpomes
have no distinct all sculpturing(Figure 51).
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Figure 5.10 SEM image of the adaxialeaflet surfaceof E. burkei (Mogg 37357 showing

an often observed, yet never clearly described characistic of surface sculpturing.
Epicuticular wax on the trichome is absent even though the epidermal cells of the rest of
the leaflet show a particularly heavy secretion of waxtrichomes have no wall

sculpturing.

Reports othe presence of glandular hairs on leafletlephantorrhizgMetcalfe &
Chalk 1950)were not confirmed by the present studlye observation by Metcalfe & Chalk
(1950)that the epidermis is syfmpilloseis, however, supported. Leaflets are amphistomatic
with the density of stomata dhe abaxial leaflet surfacesnsistentlyhigher than on the
adaxial surfaces. Epidermal cells in the regions of veins and on the leaflet margins are

elongated ofongitudinal in shape (Figure 5.2
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Figure 5.20 SEM image of the abaxialeaflet surfaceof E. obliquavar. glabra (Eiselen

H1229. The density of stomata on the abaxial side of leaflets ®nsistentlyhigher than
on adaxial surface Individual epidermal cells arepolygonal in outline and the outer
tangential walls convex, whereas cells above veins aralongthe leaflet margins are

somewhat longitudinaly elongated

5.2.2.2 Shape of cells (the éprimary scul ptu

The most obvious feature of surface sculpturing is the shape offawllall species of
Elephantorrhizaboth adaxial and abaxial cells are superficigltyygonal bexagonglin
outlineandslightly convexexcept for those situated above primary (and to some extent

secondary) veins artte leaflet margins (Figure 5.3
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The superficially visible cell boundaries (anticlinal walls) are straight and an@ of
taxonome significance, since neariation waobservedn any of the species. Anticlinal
boundaries and cell junctions are channelled and show no particular microcharas@rs
leaflets he outer periclinal wallsf the epiderral cellsare more or lesglane and not

somewhat convewhich gives the impression of a macroscopically smooth leaflet surface.

SR wzSe 1800 D13

Figure 5.3 SEM image of the abaxialeaflet surface inE. elephantina(Leach 9674
showing the primary sculpture, or shape of cells.
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5.2.23 Epicuticular secretions

In the present studywas noted that a layer of cuticular waxes wassistently found on
both adaxial and abaxial surfaces of leaflets on@imbersf ElephantorrhizaThis
charactemwasconsistently found on all examined leaflets, on both adaxial and abaxial

surfaces

The epicuticular waasare irregularly orientated platelets of a solid lipophilic
sulstance secreted by nepecialied epidermal cells. These wpbateletsndicatehigh
structural diversity. Véxes consist chemically of alkanes, lestgain alcohols, ketones and
esters of longhain fatty acids (Kinet al 2007).Waxes also frequently contaigadic
compounds like phytosterols, pentacyclic triterpenoids and epicuticular flavéKoitet al.
2007) No interspecific variation was recordadd wax secretions are of no significant

taxonomic importance at species leveEiephantorrhiza

The posi#ble functions of the epicuticular waxes on leaflets are open to some
assumptions and speculation. When considering any specialised function of plant life, one
should always take into account theypisal, morphological charactepresent. Waxes are
hydrophobic which would mean that they have a waggellent function on the leaflet
surfaces oElephantorrhizaspecies. Conversely, the hydrophobic nature of waxes would also
act to reduce water loss through transpiration and gas exchange. They may ase ithere
mechanical stability of the leaflet surface. SpecigSlephantorrhizaare often found in
environments where temperatures may be high, especially during summer months. The wax
sculpturing on leaflet surfaces may thus also have some insulatigiofuwbere it protects
the living cells from temperature extremes as experienced in direct sunlight. It is proposed
(Barthlott 1990) that the spectral properties of leaves may be altered by crystalloid waxes,
possibly increasing the reflection of incomirsgliation and therefore protecting the
epidermal cells from temperaturelated damage. Another function of the crystalloid wax
projections may be that they provide an -@uhesive mechanism to reduce the adhesion of
microscopic dust particles and pathogeo cell surfaces. Evidence suggdisat this might

promote better plant health since the cuticular surface is the functional boundary layer
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between the plant and its immediate aerial environment which often opdditogenic
microorganisms (Barthlott 1990; Kiet al. 2007).

5.2.3Morphology and architecture of Elephantorrhizaleaflets

Using SEM to study the leaflets, it was possible to note several characteristics that can not
necessarily be seen using normahtignicroscopy. The following summary was made using
the architectural classification system proposed by Hickey (1973) but adapted to

accommodate leaflets and not whole leaves.

1 Leaflet margins: all species Bfephantorrhizehave entireor smoothmargins
although some species might have a few shogliéed hairs or trichomes projecting
from cells constitutinghe margin. This, however, is rather rare and these trichomes
never have a wax layer on them like the rest of the epidé¢Fagsre 5.1)

1 Balance andymmetry: where the whole lamina is concerned alBbabliquaare
symmetrical. However, when considering the bases, all species have asymmetrical
leaflets excepE. burkeiwhich has slightly asymmetrical to symmetrical leaflets. The
most pronounced asymetry can be seen . suffruticosadue to the midrib being

marginal throughout the leaflets.

1 Shapea wide variety of shapes can be seeBlephantorrhizdeaflets. Within the
genus theshaperanges from oblique, ovate to narrowly elliptic, linear including
ovateoblong, linearoblong, narrowly oblanceolate and narrowly falcate. For specific

shapes of species, please refer to Table 4.4.

1 Apex: inElephantorrhizahe leaflet apices are generadlightly mucronate to

sometimes very slightly retuse.
1 Base: leaflet bases are generally rounded to cuneate and sometimes auriculate.

1 Petiolule: inElephantorrhizathe petiolules are mostiyonventionalwithout

noticeable thickenings or other processeslightly inflated where pulvini occur.

1 Venation: in all species @lephantorrhizahe venation type is pinnadtewith a single

primary vein (midvein) serving as the origin of the higher order venation. The primary
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vein is straight, lacking noticeable cature or change in course. Divergence of
secondary veins varies irregularly and the angle of diversimoderate. The course

of secondary veins is sinuossowingrepeated smooth changes in curvature.

1 Stomata: leaflets of all species studaeel amphistomatic with stomata occurring on
both the adaxial and abaxial leaf surfaces. Stomata on the adaxialedats
frequently encounteredrigure 5.4 & 5.5).

5.3 Leaflet anatomy

Due to the difficulty in identifyingspecies oElephantorrhizaananatomical study ahe
leaflets was undertaken. This was primarily done to gain more knowledgeatfon inthe
genus and, additionally, to investigateatomicafeatures which may prove useful in the

delimitation of taxa.
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Figure 5.40 Abaxial surface of leaflets fromE. obliqua(Pole Evans H1318bshowing

W11

stomata along one of the minor veins.
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Figure 5.50 Adaxial side of leaflets fromE. obliqua(Pole Evans H1318pwith numerous

stomata scattered across the surface.

5.3.1 Materials and methods

For anatomical studies, fresh leaflets were fixed directly in FAA (formaldehyde:acetic

acid:96% alcohol:water; 10:5:50:35). Dried leaflets were rehydrated and then fixed in FAA

for 24 hours. A modification of the methodfe d er & O6 Basuseddr ( 196 8)
embedding in glycol methacrylate (GMA); a minimum of five days was used for the third

infiltration in GMA. Sections were stained according to the periodic acid Schiff/toluidine

blue staining methode der & OO6Brien 1968) . wéremadeswtter se s

a microtome and slides were prepared for microscopic study.

5.3.2 Results and discussion

Theobservations basemh the anatomical investigation Blephantorrhizdeaflets are

reportedhere and conclusions are drawn.
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5.3.2.1 Internal structure

The general anatomy of the leaftbé Elephantorrhizespecies studied agrees with that

described for the Leguminosae by Metcalfe & Chalk (19A0atomical characters are

generally regarded as conservative and very little difference was othsethe internal

structure of leaflets of the different species. Nevertheless, a noteworthy character (paraveinal
mesophyll) was noticed and is discussed in more detail in the next section (5.3.2.2 Paraveinal

mesophyll).

The abaxial and adaxial epidermssa single cell layer covered by a cuticle on both
leaf blade surfaces. The ordinary epidermal cells araredo rectangular as seen in
transverse section with no marked size differdreteveerthe adaxial and abaxial cells
(Figure 5.6).Trichomes wer@ot often observed and only near the leaf mar(tigure 5.1).
Leaflets of all species are amphistomatic with stomata occurring on both the adaxial and
abaxial leaf surfaces. Stomata on the adaxial side were less frequently encountered.

Figure 5.60 Transverse section oE. praetermissgVorster 2128. Ordinary epidermal

cells are square to rectangular in shape.
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The mesophyll consists of a single or, less frequently, ddaypte of palisade
parenchyma. Below the palisade parenchyma are undifferentiated layers of spongy
parenchyma and intercellular air spaces to facilitate gaseous exchiaigges 5.7) The
spongy parenchyma tended to be more compact in younger leafleteeBeteins paraveinal
mesophyll occurs which may function as either storage or trarggsue It was noted that

the thickness of the leaflets contributed to the amount of paraveinal mesophyll.

Figure 5.70 Transverse section oE. elephantina(Jacobsz 2256 The mesophyll tissue
consists of a layer of palisade parenchyma with undifferentiated layers of spongy

parenchyma below.

5.3.2.2 Paraveinal mesophyll

Elephantorrhizdeaflets contain annusuaknatomicatharactercalled paraveinal mesophyll
(PVM) (Figure 5.8. Mesophyll is the photosynthetic parenchymatous tissue situated between
the two epidermal layers of the leaflet (Fahn 1990). According to Benlgakersten (1995)

PVM can be defined an anatomical featuia whicha single, rarely double, mesophyll cell
layer is visibly distinguishable from both the palisade and spongy mesophyll cell layers.
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PVM stretches horizontally between major veins bynseof cells with conspicuously
extended arms and it can contact minor veins laterally or subtend them by incorporating
abaxial bundle sheath cells into the PVM. Bundle sheath cells may or may not have
horizontal extensions that interdigitate with PVM sePVM cell components are irrelevant
for the definition of PVM, although the best known example has smaller and paler

chloroplasts than those found in spongy and palisade parenchym@uogtiaker& Lersten
1995.

Figure 5.8 Transverse section oE. woodii(Strey 976). Minor veins are visible in the
blade with the paraveinal mesophyll tissue linking them.

The first studies oilephantorrhizdeaflet anatomyveredone byCoester in 1894
(Brubaker & Lersten 1995). He reported orcsa | | e d 6 Min soedf thecspecieash t 6
he examinedrom eight genera of the subfamilMimosoideaeBrubaker& Lersten (1995)
note that the terrdMittelschichbtwas f i r st i ntroduced as OMi tt]l

Radlkofer in 1890 to describe this distinctive median mesophyll layer.
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The function of PVM is largely still unknown. It is possible that it may act as a
storage layer within the leafleas they haveary little photosynthetic capability (Dubbs &
Grimes 2000; Sinclair 2004lt is also analogous to Kranz anatadng morphological feature
of leaves that may or may not act as a specialised physiological compaifthreeRtVM cells

might also act as transpalis (Sinclair 2004).

PVM is common in the Papilionoideae, uncommon in the Mimosoideae and uncommon or

absent from the Caesalpinioideae (Brubaker & Lersten 1995).

5.4 Anther structure and gland investigation

5.4.1 Anther structure

Flowers ofElephantorrhizaare pentamerous with a single whorl of sepals and petals, two
whorls of stamens and a single carpel. According to Tucker (1996) the two whorls of stamens
are initiated successively, even though they may, at maturity, appear to be Engdé a

whorl of ten stamens.

The charactersf the stamens oElephantorrhizacan be summarised as follows using

Tuckerdés (1996) parameters of stamen diversi
1 Shape: distinct dorsifixed, tetrasporangiate anther with filaments.

1 Development: anthers aadways basifixed at first; later elongating basally as the
connective expands abaxially, the filament attachment thus becoming displaced

towards an adaxial position.
1 Dehiscence: stamens dehisce by means of introrse slits.

1 Filament features: unlike many plignoid and caesalpinioid taxa, hairs are absent
from thestamen filaments dElephantorrhiza There is no difference in the filament

length of the two whorls and the filament surfaces are smooth. In the bud the
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filaments are coiled to enable the packggihthe many, long filaments in a small
place (Endress 2008).

Connective features: terminal connective glands are found in ca. 25 mimosoid genera
in the tribes Adenanthereae, Mimoseae and Parkieae. The exact function is still, for
the most part, completelinknown (see section 5.4.Elephantorrhizaspecies have

terminal connective glands.

Size: relative to papilionoid and caesalpinioid taxa, the anthétkephantorrhiza

like all other taxa in the Mimosoideae, a@nsistently very small.

Fusion: andrecial fusion is exceptionally common in the Papilionoideae and to a
lesser extent so in the Caesalpinioideae. Some amount of basal fusion is found in the
Mimoseae and Acacieae of the Mimosoidd4@wever, this is absent in

Elephantorrhiza

Changes in organumber: in the Mimosoidedhe loss or suppression of anthesrs
somewhat rare. Instead it is far more common in many taxa to find a proliferation of
organs. Some researchers (Derstine & Tucker 1991) have noted that the
developmental processes by whicansen proliferation occurs in legumes vary
greatly, indicating an interesting occurrence of parallel evolution for this character.
Elephantorrhizashows a definite proliferation in stamens with two whorls of five

stamens each. The rest of the perianthdsced to a large extent.

Order of stamen initiation: iRlephantorrhizahe pattern of inception is known as

simultaneous whorled initiation.

Androecial heteromorphy: this characteristic, the differensize, filament length,
anther shape and time of dehiscence between members of the two stamen whorls, is
noted in several legume genera, but does not ap@iefthantorrhizeor any related

taxa.

Endothecial thickenig the endothecial thickening Elephaitorrhizais most

prominent at the baseplate (Manning 1996).
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5.4.2 Anther glands: observations and discussion

A noteworthyand somewhatnusualkharacte of Elephantorrhizestamenss the presence of
glands attached apically to the anthers. Apacdher appendages are relatively common in
other taxa e.g. in the Asteraceae (DO6Arcy
relics that are still morphologically essential for the rigid fixation of anthers on filaments so

that the anthers camite in a tube.

5.4.2.1 Evidence from the fossil record

Anther glands in the legumes are netent structuresManyAcaciaflowers posess anther
glands Tandonet al. 2002 Kenrick 2003. Luckow and Grimes (1998uggestedhat
perhaps the absenceglnds can be explained as a secondary loss rather thamctmstral
condition. Dilcheret al (1992), however, found evidence indicating otherwise in the fossil

record.

Dilcheret al (1992) investigated numerous fossil flowers, fruit, and leavesvirat
discovered as inclusions in amber mined in the Dominican Republic. Small,-sleaiged
flowers within the amber are conspicuous because of their large number of gtaimens
long, thin filaments of which terminain small anthers that bear stalkedremtglands. The
combination of characters observed is diagnostic of the gecaa The pollination

syndrome as indicated by the anther glands &idfty in some Caribbean specie\ocfcia

Many of these extant species with anther glands have ftagersely crowded white
flowers. The functionality of anther glandsshang been disputed and is still largely
unknown However, it seems plausible that they may act as food bodies which, in turn, might
suggest something about the type of pollinator visiting such flowers and their possible
presence today. The amber under investigation was obtained from sediments datgd as ear
Miocene, although the amber itself is probably older, even as old as late Eocene @ilcher
al. 1992). The fossil record of the legumes datick to the Upper Cretaceous (Wheeler &

Baas 1992) and the Mimosoideae in particular are documented in siiedosrd by the
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lower Eocene (Dilcheet al 1992). By the middle Eocene the subfamily was represented by
considerable diversity, particularly in Africand it is plausible to assurttee genesis of
Elephantorrhizaat or around this time. It is thouglmet genus might even have evolved as a
unique and clearly distinguishable identity at a much earlier time when considering the rich
extant diversity of legumes on thertinent as well as evidence ifinahe Cretaceous and
Palaeocene fossils (Herendextral 1992). Clearly, though, the anther glandsegolved

with the radiation and in response to insect pollination, specifically aimed at targeting bees
for better pollination of the floweyperhaps by imparting a scent

5.4.2.2 Types and structure of antheglands in Elephantorrhizaand Entada

Anther glands are present in the majority of genera in the basal tribes of mimosoids (Luckow
& Grimes 1997), but due to their caducous nature, they are often overlooked as taxonomic
characters. Luckow & Grimes (199dgntified four different kinds of anther glands namely
thePiptadeniatype glandPentaclethratype glandGagnebinatype gland andProsopis
africanatype gland. Two different subtypes of tRgtadeniatype gland were also

identified. It seems apparemiat characters of anther glands provide for clear taxonomically

significant markers, especially at higher taxonomic ranks.

Elephantorrhizaglands are classifiealsPiptadeniatype glands. This type of anther
gland is the most common in the lower mimosoids. The glanBiephantorrhizehave
stipitate stalks and the gland® &pheroid in shape (Figure b.%hey are 130188 pm in
size and the cells that make up the glandga2€ um indiameterfor the measured
specimens. These cells are relatively large and corresponthad ofother old world
genera investigated e gdenantheraCalpocalyxandTetrapleura(Luckow & Grimes 1997).
The cell sculpturing can be describedsesabrate (rough; covered with small projections) and
the cells only have a single plane. The glandsrmaddaappear similar in most aspects
although their stalks are sometimadsentand the cell sculpturing is rugulate (cell wall with
elongated elementenger than 1 um that are irregularly arranged) as opposed to the scabrate
cells ofElephantorrhiza(Hesseet al 2009). The glands aedso somewhat larger (up to

24 um) but the celtliametersare within the same range as thos€&lephantorrhizaEndress
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& Stumpf (1991) noted that most mimosoid anthers are introrse and dorsifixed meaning that
they are facing inward, turned toward the axis and attached at, or by their backs to the

filaments.

239;1 4 x118 188Mm WO1Z2

Figure 5.99 Scanning electron micrograph ofan anther from Elephantorrhiza

elephantina(Du Toit 5129 showing the manner of longitudinal dehiscence with some
pollen grains still wedged within the opened slits. The spheroid, concave, terminal

anther gland can also clearly be seen.

5.4.2.3 Histochemistry

Elephantorrhizeglands are grouped within tfptadeniasubtype which has isodiametric
cells, meaning the cells have equal diameters of axes, and are of nearly equal size throughout
the structure. They have neither large intercellular spaces, nor epidettmshat are well
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differentiated from those at the centre of the gland. The peripheral cells contain the largest

vacuoles.

Luckow & Grimes (1997) conducted some histochemical tests to obtain information
on the compounds produced by the glands and @ineitomy. It was found that ferric chloride
does not react with the glands. From this it may be deduced that tannins and other
polyphenols are absent. Likewise Sudan IV showed no reaction with the cells, indicating the
absence of lipids. A positive reamti with Nile blue, however, indicated that some lipids are
present within the cell walls. Coomassie blue also reacted positively, indicating the presence
of proteins within the cell walls. None of the abovementioned reagents or colourants reacted
with thevacuolar contents and it may be inferred that the vacuoles contain carbohydrates or
possibly terpenoids. Reactions of the cell walls of the anther glands paralleled those of the
connective, designating their derivation from the tissue of the connective.

5.4.2.4 Function of anther glands

Several hypotheses on the functionality of anther glands, specifically within the Mimosaceae,
have been contemplated. Since they are relatively rare, being only present in a few taxa other
than certain mimosoids such asmbers of Violaceae and Myrtaceae (Chaudhry &
Vijayaraghavan 1992), they must have a very specific function. Because of the manifestation
of such glands in very different families, this may also be an exceptional example of

convergent evolution if their ictions seem to correspond to each other.

Anther glands are particularly commonnmembers ofAcaciawhere they become
erect on their stalks as the anthers dehisce, apparently as part of the process of anther opening
(Stoneet al. 2003). In a study on the structure and function of anther glaRl®sopis
juliflora, Chaudhry & Vijayaraghavan (1992) proposed that the glands act as tewaathg
a food source for pollinator§heyfound that at the earliest stage of anthesisgliieds are a
homogenous mass of cells that contain only proteins. As they develop further, the glands
become differentiated into a multicellular, globose head, supported by a long, narrow,
multicellular stalk. Immature glands are devoid of polysaccharimgsas they mature the
cells become densely cytoplasmic containing proteins and polysaccharides. This happens
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through storage vesicles that accumulate upon the surfaqaotioplast of thesecretory cells

lyses and the exudate is released. When seprgiessure becomes maximal, the exudate is
forced through the cuticular openings which are present at the sites of common walls between
secretory cells. This proteitarbohydrate complex serves as a food source for pollinators and
ensures the visits ofwide range of insects, particularly Hemiptera. As insects feed on the
gland surface, they are dusted with a layer of poll&e secretion of exudates frahe

anther glands iProsopis juliflorabinds the pollen grains together, act@ésod source and
facilitates pollen dispersal by foraging insects (Chaudhry & Vijayaraghavan 1992).

Whether or nothe antheglands ofElephantorrhizehave the same function and
produce the same chemical constituentBrasopis juliflora remains to be tested, but ose i
able to speculate as to their function. Also, it is not mentioned in the literature whether the
anther glands dProsopis julifloraare also deciduous shortly after anthesis as this provides
for a major difference in the functionality of glands. Fromblaeium specimens ¢frosopis

juliflora, this does however seem to be the case.

Stoneet al. (2003) report that microscopic analyses of pollen loads collected in
Tanzania show that the pollen dusting the underside of syrphid hoverflies contains substantial
proportions of anther glands and also of entire anthers although this does not confirm that
these insects actually feed on these flower parts. Bee pollen loads generally contain very few
anther glands, suggesting that bee foraging behaviasndo harvet these bodies and
neither do they harvest them by default and then reject them when packaging pollen into their
corbicula. Stonet al (2003) also mention the possibility of the glands acting as
pseudopolled a mimetic device to attract pollinators taeptive stigmas beferand after
real pollen awards becosavailable. Since the anther glands are raised slightly above the
floral spikes as a particulate layer, they apparently resemble a powdery coating of pollen. If
this strategy is effective, they widypromote visitation by polleseeking (and pollen

carrying) insects in both protandrous and protogynous systems.
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5.4.2.5 Development of floral appendages such as anther glands

Generally, with the evolution of an elaborate perianth, the stamens begampt from

protective and attractive functions. However, conspicuous sterile appendages do occur in
more specialised plant groups. These are usually associated with very precise and specialised
functions e.g. in the Asclepiadaceae, Asteraceae and Orehg&lderom this one can see that

such structures may occasionally reappear given thatithareeed for such ppndages

(Endress 1994; Endress 1996). The other alternative is of course that these specific functions
never disappeared altogether, but thaytwere shaped during the evolution of the specific

taxon for its specific pollinator requirements and that pfetiinator ceevolution occurred.

Elephantorrhizaanthers do not supply pollinating bees withcatled feeder pollen.
Feeder pollen, of whh the development of the exine is arrested in the anther, is produced by
a second set of anthers and presented as a reward to bees foraging for their offspring. This
might explain the necessity of anther glands. Since taxa that produce dimorphic pelien ra

produce nectar, pollen is the only reward offered to pollinators (Bernhardt 1996).

Two modes of anther presentation exist, namely passive and active pollen collection
(Bernhardt 1996 )Elephantorrhizeemploys the active pollen collection mode whée t
pollen that pollinators receive as primary reward is found only on the anther and not on any

other floral parts.

The timing of anther dehiscence and floral aestivation is more than just a mechanism
to restrict seHpollination. Variation in the timingf anther dehiscence could protect pollen
from environment al damage (Bernhardt 1996) ,
lifespan. The anthers &lephantorrhizaspecies function as sources of both primary
attraction and primary reward. Pollinat@r® initially attracted by scents produced by the
anther glands but receive pollen as the only edible or otherwise usable (e.g. in the case of

honeybees) reward, since the glands are deciduous and fall off soon after anthesis.
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During field observations ohflorescences and flowers Bfephantorrhizaas well as
the insects that pollinate them, insect behaviour was observed for any possible patterns in

floral visitation. None were noticed.

Because these glands are very early deciduous, simply fallingeoéinthers soon
after anthesi$ rarely or never being present on herbarium specihene must conclude
that they have a very definitalbeitshortlived, role during the flowering time of
Elephantorrhiza Proximal flowers (those positioned nearest thetpafiattachment of the
floral stalk on the receptacle) open fiastd areghen followed, in sequence, by the distal
flowers. The glands are thus always situated more towards the distal end of the inflorescence
where new flowers are continually opening.mrthese facts one may reason that the purpose
of these glandss to produce scents that attract pollinators directly to newly opened flowers
and direct them purposely away from already spent flowers. Perhaps, within the microclimate
of the inflorescencehe anther glands function as guides and allow pollinators to move
towards the most recently opened flowers. This is similar in function to floral guides in other
taxa, particularly monocots, which can only be seen under ultraviolet light. These guides
direct the interest of the insect directly towards the source or focal point of the reward.

5.5 SEM investigation of pollen

Palynology is unique in that through no other study can one obtain as great an amount of
information from so little material in suaort a time (Erdtman 1943; Walker & Doyle
1975).

In order to investigate the pollen Bfephantorrhizaspecies, it was decided to do a
SEM study. This | ead to the discovery that
significant taxonomic valud.able5.1 summarises the results obtawét notesfrom the

SEM survey.
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5.5.1 Materials and methods

The SEM uses a focused beam of héglergy electrons to generate a variety of signals at the
surface of solid specimens. The signals that derive fteatrennsample interactions reveal
information about the sample which includes external morphology or texture. Preparation of
the samples startvith the collection of pollenMaterial for thescanning electron microscope
(SEM) study of pollen wasollected from specimens at the National Herbarium (PRE). For a
list of the specimens useske Table 3.2. in Chapter 3 dealing with the general materials and
methods

Specimensvith flowerswere investigated under a dissecting microscope to determine
if pollen could be obtained from them. Stamens were removed and added to labelled
Eppendorf tubes from where the collected pollen was placed onto metal plates which were
sputtercoatedwith a film of gold.No special treatment was given to the pollen. Caie wa
taken to handle the individual stamens as little as possible to avoid any indentation or
contamination of the plan that wouldbe clearly visible under SEM conditions. Photographs

were taken at different magnificatien

5.5.2 Results and discussion

Walker & Doyle (1975) grouped pollerharacters into seven categonmsnely aperture
type, pollen wall architecture, pollamit, polarity, symmetry, shapand grain size. The

pollen ofElephantorrhizavas examined ancbmparedaccording to theseharacters

5.5.2.1 Pollen apertures

Apertures are specially delimited areas which differ considerably in morphology and/or
anatomy from the rest of the pollen gramd aresituated in the outer pollen wall or exine.

When germination takes places, tludlgn tube usually emerges through one of the apertures.
Number, type and position of apertures are genetically determined and usually fixed within a
species (Walker & Doyle 1975; Hesseal. 2009).

89



Aperture terminology is determined by the pollen pojaitHessest al. 2009) or shape
(Walker & Doyle 1975). If situated globally or equatorially, such as in the case of
Elephantorrhizaan elongated aperture is called a colpus.

Aperture number is important in the terminology. All pollen grains of

Elephantorrhizeéhave threelongatedapertures per pollen grain and are therefore tricolpate.

5.5.2.2 Pollen wall architecture

The pollen wall (also known as the sporoderm) cosisistvo main parts namely the exine

and the intine. The exine is primarihade up of sporopollenins which are acetolysis and
decayresistant biopolymers. The intine is mainly composed of pectin and cellulose. In the
aperture regions of pollen grains, the pollen wall is often devoid of an exine or has a greatly
reduced exine @hoften a thicker double intine layer. Within the exine, two layers can be

distinguishedthe inner endexine and outetedne.

Pollen wallstructurecan only be determined through transmission electron

microscopic investigatiarHowever, this was not peof the present study

5.5.2.3 Pollerunit

Mature pollen is shed in dispersal units. The {posiotic products either remain permanently
united (resulting in dyads, tetrads or polyads) or become compéejadyatedresulting in
monads). Unlike several other Mimosoideae taxa, suéttasia(Bernhardtet al 1984)and
DesmanthusalsensigLuckow 1993) Elephantorrhizadoes not display pollen arranged in
polyads composed of tetrahedral tetrads. Pollen grains gersks individuall{monads)

through the aid of pollinators.
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5.5.2.4 Pollen grain polarity

The shape and aperture location of pollen grains directly sétapmllen grain polarity. This
is determined by the spatial orientation of the microsporesimgiotic tetrad and can only
be examined in the tetrad stage (He=ts&l 2009). Because pollen was not investigated at
the precise posnheiotic stage, the polarity &lephantorrhizgpollen grainsould notbe

accurately determined, although it has bagsumed that the colpi are equatorially placed.

5.5.2.5 Pollen grain symmetry

The symmetry of pollen grains is related to the polarity. When the pollen grain polarity is
determined through investigating the po®iotic products, the symmetry may beabtished
(Hesseet al.2009). Since thentogenyof Elephantorrhizgpollen grains was natudied the

symmetryhas been inferred

5.5.2.6 Pollen grain shape

The shape of pollen is determined by the ratio of the length of the polar axis (P) to the
equatorial diameter (E), or P/E. Pollen grains with the polar axis + equal to the equatorial
diameter are called spheroidal or isodiametric (Hessé 2009). Examies of these in

ElephantorrhizancludeE. goetzeiE. woodiiand to a lesser exteBt praetermissa

Where pollen grains have polar axes longer than equatorial diameters, pollen grains
are referred to as prolate in shape. Most speciBtephantorrhizehave prolate pollen,

includingE. burkej E. schinzianaE. suffruticosak. obliquaandE. elephantina

5.5.2.7 Pollen grain size

To indicate pollen size, the largest diameter is used. However, due to different methods of

preparation and degree of hgtlon, which influence the size measured a bandwidth is
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recommended. In generalephantorrhizgp o | | e n

vary

bet ween

17 and 38

|l engt hs

Em.

Table 5.1 summarises the main results obtam#dnotesfrom the SEM survey.

vary

Table 5.10 Scanning electron micrographs showing the different types of pollen within

Elephantorrhizawith a summary of the main characters noted

Species and _ Notes on
_ SEM image .
specimen characteristics
E. goetzei 1 Length:293 3 ¢ |
(Story 3967 1 Width:2713 1 € n
1 Shape: spheroidal
1 Surface detail:
rugulate
6KV  X1,680 18em WD12
E. woodi 1 Length:212 6 ¢ |
(Wood 7958 1 Width:192 3 € n
type specimen) 1 Shape: spheroidal
1 Surface detail:
= rugulate
6KU  X2,280 18vm WD12
E. praetermissa 1 Length:313 7 ¢ |
(Burgoyne 1 Width:232 9 ¢ n
6619 1 Shape: oblate
1 Surface detail:
rugulate
6KU  X2,380 18vm WD12
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Species and _ Notes on
) SEM image o
specimen characteristics
E. obliqua 1 Length: 4752 ¢ |
(Pole Evans 1 Width:333 8 ¢ n
13189 1 Shape: oblate
1 Surface detail:
rugulate
E. burkei 1 Length:323 8 ¢ |
(Van Wyk T Width:192 4 ¢ n
2962 1 Shape: prolate,
lobate
1 Surface detail:
consistently
perforatethroughout
E. schinziana 1 Length:384 4 ¢ |
(Giess 14791 1 Width: 172 2 ¢ n
1 Shape: prolate,
lobate
7 Surface detail:

6KU  K1,6688 16pem WD12

rugulate and
somewhat perforate
towards polar

regions
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Species and

specimen

SEM image

Notes on

characteristics

E. suffruticosa

(Van Wyk BSA
1262

Length: 384 4 ¢
Width: 182 3 ¢

Shape: prolate,

lobate

1 Surface detail:
rugulate becoming

perforate towards

1369 6KV  %1,980 1@vm WD12 ,
polar regions

E. elephantina 1 Length: 414 7 ¢ |

(Du Toit 5129 1 Width:1925 ¢ n

1 Shape: prolate,
lobate

1 Surface detail:
rugulate becoming
perforate towards

2394 6KV  X2,208 1@pm WD12

polar regions
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5.5.3 Classification ofElephantorrhizapollen

Table 5.2 summarises the classificatiofict@phantorrhizgpollen as discussed in the

previous section.

Table 5. Summary of the classification of differentElephantorrhizaspecies according
to the observed pollen characters as pposed by Walker & Doyle (1975)Geoxylic
suffrutescent species are shaded

Pollen grain characters
Taxa i i i
Aperture Unit Shape Surface detall Size
E. elephantina | Tricolpate | Dispersed Prolate, lobate | Rugulate becoming| 41i 47 em x
individually perforate towards | 19 25em
polar regions
E. obliqua Tricolpate| Dispersed Oblate Rugulate 471 52em x
individually 33i38em
E. woodii Tricolpate | Dispersed Spheroidal or | Rugulate 21i26em %
individually isodiametric 19123em
E. burkei Tricolpate | Dispersed Prolate, lobate | Consistently 32i38em x
individually perforate 19124em
throughout
E. goetzei Tricolpate | Dispersed Spheroidal or | Rugulate 291 33em x
individually isodiametric 27131lem
E. praetermissa Tricolpate | Dispersed Oblate Rugulate 31i37em x
individually 23i29em
E. schinziana | Tricolpate| Dispersed Prolate, lobate | Rugulate and 38i44em x
individually somewhat perforatq 171 22em
towards polar
regions
E. suffruticosa | Tricolpate | Dispersed Prolate, lobate | Rugulate becoming| 38i 44em x
individually perforate towards | 18'23em
polar regions
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CHAPTER 6
BIOGEOGRAPHY AND ECOLOGY

The associatechabitat and vegetation typesf Elephantorrhiza taxa are investigated and
treated as charactersElephantorrhiza taxa are mapped to reveal phytogeographical
patterns of the genus. Taxa are mostly confined to the Grassland and Savanna Biomes in
southern Africa. Ecological aspects are considered and some dptons are made about

preference

6.1 Introduction

Habitat and itessociated vegetation also regarded as characters, althoingly areoften

more useful alowertaxonomic levels. When considering a landscape, certain vegetation
types can be distinguished within the broader matrix of plants, since some species, for
whatever reasons, grow in identifiable units together within certain areas. When mapping the
naturaldistribution of a species, one may be able to draw conclusions as to their relative
evolutionary successes, centres of origin and endemism and their climatic adaptability by
overlaying ecology and geology over the distribution. Biogeography, or the rgagfpire
distributionsof speciesdeals specifically with these aspects. Ecology focuses on the
relationship of plants and how they relate to other living andlinomg entities within a

specified area, in this case, within the natural distributiongleran each species.

6.2 Biogeography

All species ofElephantorrhizehave a sutbsaharan, and more specifically a southern African
distribution with the exception &. burkej E. goetzeiE. elephantinandE. suffruticosa

which also occur in more tropicaegions (Kloppeet al 2006). The genus occurs in 11
countries but is not recorded further north than Tanzania and the genus is thus essentially
restricted to Africa south of the equator. The countries in which the genus apzurs

summarised in Table. .
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Table 6.10 Distribution of Elephantorrhizataxa in terms of countries Geoxylic

suffrutescent species are shaded

Elephantorrhizaspecies Distribution by country

_ Botswana, Lesotho, Mozambique, Namibia, South
E. elephantina : . :
Africa, Swaziland, Zimbabwe

E. obliqua South Africa

E. woodii Lesotho, South Africa

E. burkei Botswana, Mozambique, South Africa, Zimbabwe

. goetzei Angola, Botswfama, Maléwi, Mozambique, South
Africa, Tanzania, Zambia, Zimbabwe

E. praetermissa South Africa

E. schinziana Namibia

E. suffruticosa Angola, Mozambique, Namibia, Zimbabwe

The foremost student of African floeand vegetation was Frank WhiteOR A 1994
who produced a remarkably detailed map of African vegetation. By overlaying the entire
distribution ofElephantorrhiao n ~ Wh i t of ghwochuorgapll thefloristic units the
genus occupies can be determined. The diffdternstic units can often be linked to

prevailing geological or climatic (e.g. Petlal.2007) conditions.

According to thdloristic classification of White (1983), as refined by Van Wyk &
Smith (2001), species &lephantorrhizaare distributed in sixainphytochorianamelythe
Karoo-Namib, KalaharHighveld, Afromontane and Afroalpine, MaputalaRdndoland,
Zambezian and Swahiliagiaputalandohytogeographical region$akhtajan (1986) lists
these regions as Karddamib, Uzambar&ululand and the Sudasi@ambezian regions
which make up part of the Palaeotropical Floristic Kingddhe majority of species occur
the KalaharHighveldand Zambezian phytogeographical regidrtee genus and individual
species are distributed throughout the major southern African biomes and bioregions as

summarised in Table 6.2.
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The genus is fairly common throughout its range; however the majority aésgae
restricted to South Africal'his country hathe highest diversjtof species of the genus with
six species occurring there. One might propose that this be the origin of the genus and
subsequent populations established themselves further north into more tropical regions of the
continent as the genus evolvétbwever, the area witthe highest concentriin of species is
not necessarily the origin of the genus (Good 198dfterns of endemism and distribution

cannot be correlated to any historic environmental event.

Local centres of endemism are also important aspects to coasitlerse often
indicate very specific specialisation by plants to local environmental of geological conditions
Only E. praetermissaeems to be restricted to the Sekhukhuneland centre of endamdsm
is a recognised endemic spedi¢an Wyk & Smith 2001 pdapted to the unusual soils
associated with this arealthoughE. woodiiis restricted to a very small area within the

MaputalandPondoland region, it is not restricted to any specific centre of plant endemism.
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Table 6.2 Distribution of Elephantorrhizawithin biomes (all species) and associated

bioregions (Mucina & Rutherford 2006) (species occurring in South Africa, Lesotho

and Swaziland) Geoxylic suffrutescent species are shaded

Elephantorrhiza

species

Associated biomes

Associatedbioregions

E. elephantina

NamaKaroo, Savanna and

Grassland Biomes

Namaqualand Hardeveld, Bushmanlar,
Upper Karoo, Drakensberg Grassland
Dry Highveld Grassland, Mesic
Highveld Grassland, SulBscarpment
Grassland, Central Bushveld, Mopane
Lowveld, SubEscarpment Savanna,
Eastern Kalahari Bushveld Bioregions
and Indian Ocean Coastal Belt

Bioregions
E. obliqua Grassland and possibly | Mesic Highveld Grassland ampassibly
Savanna Biomes Central Bushveld Bioregions
E. woodii Grassland Biome SubEscarpment Grassland Bioregion
E. burkei Grassland and Savanna | Dry Highveld Grassland, Mesic
Biomes Highveld Grassland, SulBscarpment
Grassland, Central Bushveld, Mopane
Lowveld and Eastern Kalahari Bushve
Bioregions
E. goetzei Savanna Biome Central Bushveld, Mopane and Lowve

Bioregions

E. praetermissa

Savanna Biome

Central Bushveld Bioregion

E. schinziana

Savanna Biome

Not applicable

E. suffruticosa

NamaKaroo and Savanna

Biomes

Bushmanland Bioregion
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6.3 Ecology

Ecology is the studgf living organisms and how they relate with other living organisms and

no-living entities within a defined geographical area.

An example of how different speciesBlephantorrhizaare affected by their
immediate environs can be seen when examining leaflelssages are often subject to
phenotypic plasticity which means that, depending on various external factors, leahgize
vary considerably within a species. This phenomesdiustrated inElephantorrhizavhen
considering thgeoxylic suffrutexvs. shrub habits. In the suffrutescent species the size of
leaflets valesimmensely whereas the shrubby species show smaller and more insignificant
variation. This relates to ecolp@s follows: suffrutescent speadegspeciallyE. elephantina
which is widely dstributed throughout thengeof the genud need to compete for light as
energy resource with other legrowing plantymainly grassesand therefore often have
larger leafletdo maintain a competitive advantage. Thiaasalways the case and depends
on the extent to which fire plays a role in the ecosystem. When a fire has cleared much of the
previous growi ng Elephantormidashoots startaat respratkeen a n d
leaflets are typically small. It should be rememberedEhaiephantinas one of the first
species to resprout in late winter/early spring. It is proposed that the smaller leaflet size is due
to the lack of other vegetation surrounding individuanohes and there is thus no need to

produce larger leaflets since there is no restraint on sunlight as energy resource.

Further conclusions can be drawn from ecology as driving force behind the
manifestation of plants, i.e. their morphology. Plants grgvumrharsher and drier

envronments are typically smalléeaved thartheir contemporary species in wetter areas.
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6.4 Geology

Elephantorrhizaspecies occur gregariously on several different substrates and are in no way
limited or confined to one specific type of geology. Several species occur on all three types
(sedimentary, metamorphic and igneoaisjocks. The only species showing some fafm
geological preference is the southern Afriarpraetermissavhich occurs exclusively on

the heavy metal soils of the Steelpoort valley, Sekhukhuné&atertet al 2001).

6.5 Rainfall

According to the 2008 Precipitation map of Afri&tock Map Agency)Elephantorrhiza
species occur in areas with rainfalllween 1001250 mm per year. bktof thespecies

occur in areas where rainfall averages between 500 and 1250 mm per year.
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CHAPTER 7
TAXONOMIC REVISION

This chapter provides @axonomic treatment and nomenclatural overview of the genus,
species and infraspecific taxa. A key to species is also provided. Descriptions are provided
for the genus as well as all infrageneric taxa. Some representative specimens seen and

authorities ofnames are indicated

7.1 Introduction

Below follows the generic description to the geRlephantorrhizaa key to the species and
descriptions for all species. All specimens exameedistedat the end of the chaptesith
only a few representative specimens noted below each species description.

7.2 Generic description

ElephantorrhizaBenth. in Hook., J. Bot. 4: 344(1841); Harv. in F.C. 2: 277(1862); Benth. &
Hook.f., Gen. PI. 1: 590 (1865); Harv., Gen. Pl., ed.12(1868); Benth. in Tran&inn. Soc.
Lond. 30: 365 (1875); Taub. in Pflanzenfam. 3,3: 122 (1892); Sim, For. Fl. Cape Col. 209
(1907); Harms in Engl., Pflanzenw. Afr. 3,1: 398 (1915); Phillips in Bothalia 1: 187 (1923);
Bak.f., Leg. Trop. Afr. 3: 800 (1930Burtt Davy, Fl. Transv. 2: 331 (1932); Phill., Gen. 392
(1951); Torre in C.F.A. 2: 263 (1956); Brenan in F.T.E.A. Legiimos.: 19 (1959);

Hutch., Gen. Fl. PIl. 1: 288 (1964); Schreiber in F.S.W.A. 58: 16 (1967); Brenan & Brummitt
in F.Z. 3,1: 23 (1970Palmer & Pitman: 825 (1972Ross in Bothalia 11: 247 (1974)yer:

235 (1975); Ross: 138 (197%)0ck: 90 (1989)Coates Palgrave: 308 (2002); Schnatal.:

174 (2002)Leistner: 192 (2005Boon: 196 (2010)
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Type speciesE. elephantingBurch.) Skeels (E. burchelliiBenth.).

T Prosopissensu E. Mey., Comm. 1: 165 (1836); Eé&klzeyh., Enum. 259 (1836), non
ProsopisL., Mant. 1: 10(1767).

Small trees, shrubs geoxylicsuffrutices, unarmed, deciduous; suffrutices with greatly
enlarged underground taproot. Roots with nitrefjeimg bacterial nodules. Leaves

bipinnate; petioles eglandular; pinndel3 pairs; pinnae each with many pairs of leaflets.
Inflorescences of spiorm racemes which are axillary, solitary or fascicled, often
aggregated. Flowers normally hermagptite, 5merous, pale yellowisWwhite to bright

yellow, on pedicelsil2 mm long glands at base of pedicet3alyx somewhat gamosepalous,
small, I 2.5 mmlong, 5toothed. Petals 5, free or shortly united basally. Stamens 10, fertile;
filaments 47.5 mm long, free among themselves, slightly adnate to the corolla basally;
anthers with a rapidly deciduous apical gland. Ovary usually sessile, glabrous]iftyte; fi
stigma terminal. Pods straight or somewhat curved, never spirally twisted, often large and up
to 450 mm long, somewhat compressed, without transverse septa within; at maturity the
valves separating from the persistent margins, but not splittingvigesely into segments; the
outer layer (exocarp) of the pod wall often peeling offrttesocarpthe layers remaining

intact or breaking up irregularly. Seeds usualgompressed.

Eight species are formally recognised in this geBlephantorrhizas characterised by
unarmed branches, bipinnate, often bluish green leaves and ten fertile stamens. Pods are often
large and with, at maturity, the valves separating from the persistent margins.

Distribution: the genus is distributed throughout a wide range of vegetation types and
phytochoriaElephantorrhizas restricted to southern Africa; AngoBgotswana, Lesotho,
Malawi, Mozambique, Namibia, South Africa, Swazilafiénzania, Zambia ardimbabwe
(Figure7.1).

NotesThe generic name is a Greek compound mean

roots ofE. elephantina
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Figure 7.10 Distribution map of Elephantorrhizain southern Africa. The genus is

restricted to southernand south-central Africa occurring in Angola, Botswana, Lesotho,
Malawi, Mozambique, Namibia, South Africa, Swaziland, Tanzania, Zambia and

Zimbabwe. The highest number of species occurs in South Africa.

7.3 Keys to the species dlephantorrhiza

7.3.1 Comprehensive key to species Bfephantorrhizaincorporating vegetative and

reproductive characters

Below follows acomprehensiv&ey to the genuElephantorrhizeébased orvegetative and
reproductive characters. For an inclusive summary representing all proposed species of the
genus as investigated witiotes orthe quantitative and/or qualitativearacters, see Table
7.1and 7.2
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laGeoxylic suffrutex with unbranched (@sls damaged) annual aerial stems up to 0.75(1) m

0] o o OSSPSR 2
1b Shrub or small tree with woody branched aerial stems up to 7 m high, very rarely a
suffrutex with branched procumbent STEMS............eeiiiiiiiiiccci e 4
2aAerial stems branched, procumbent..............cviiiiiccceeiiiiiiiieneenn 8. E. woodii
2b Aerial stemaunNbranChed.......... ..o 3

3a Pinnae (1)26 pairs per leaf; leaflets 43(21) pairs per pinnaj 8.5 mm wide, ovate to
ovateoblong, very oblique basally, midrib starting in the distal corner of the ldzdka and
gradually becoming * central in the leaflet, lateraives and veins usually prominent; South
Africa: North West, Limpopo and Mpumalanga....................cccceeeee.... . 4. E. Obliqua

3b Pinnae (2)B17 pairs per leaf; leaflets (7)1&5(55) pair per pinna, 0.2(2.5) mm wide,
linear to linearoblong, rarely narrowly oblanceolate, asymmaebasally; venation not
prominent; Botswana, Lesotho, Mozambique, Namibia, Swaziland, Zimbabwe, South Africa:

Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West, KwaZulu

Natal and LIMPOPO......coooiiiiiiiiiiteeee e 2.E. elephantina
4a Leaflets with the midrib marginal throughout............................ 7. E. suffruticosa
4b Leaflets with the midrib central or nearly so, at least towards the.apex.......... 5

5a Geoxylic suffrutex; branched aerial stems procumbent, longitudinally striate, glabrous to

densely pUBErUIOUS............coooiiiiii e 8. E. woodii
5b Shrub or small tree; branched aerial stems erects, glabrous................cccccc..... 6

6a Leaflets only slightly asymmetric basally, with the proximal side cuneate to slightly
rounded, 1.63.5(4.5) mm wide; leaves with (1)&(9) pairs of pinnae....... 1. E. burkei

6b Leaflets strongly asymmetric basally, with the proximal side broadly routrdadate to

almost auriculate and the distal side cuneate; leaves wth j2airs of pinnae...........7

7a Leaves with (9)1230(41) pinnae pairs; leaflets 025 mm wide, usually on very short
petiolules; pods 122 mm wide, very narrow in proportion to their length, when mature the

position of the seeds usually marked by distinct raised bumps........... 3.E. goetzei

7b Leaves with 212(14) pinnae pairs; leaflets 025 mm wide, sessile; podsiZ® mm

wide, + compressed, position of seeds not marked by distinct raised.bumps......8
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8a Leaflets 0.91.5 mm wide; racemes short,ih mm long, usually aggregated on short
lateral branchlets, less frequently solitary or fascicled; pods1BB0x 20 32 mm; South

Africa: Limpopo and MpumalangaL...........cooeeeeniniiiiccceeeeeeeeeed 5. E. praetermissa

8b Leaflets (1)1.53.5 mm wideracemes 585 mm long, axillary, solitary or paired; pods
(150)185 405 x 20 39 mm; NamibiaGrootfontein and Otavi areas..6. E. schinziana

7.3.2 Key to species dilephantorrhizabased on vegetative characters

Below follows acomprehensiv&ey to the genuklephantorrhizébased orvegetative
characters. For an inclusive summary representing all proposed species of the genus as
investigated with @omparisorof the quantitative and/or qualitativearacters, see Table 7.1
and 7.2

la Suffrutex with annual aerial stems OTTB9 MIONG ......veiieeeeiieeiiiiiiieeee e 2

1b Shrub or small tree with branched aerial stems up to 7 m high, or if a suffrutex (rarely)

with branched procumbent StEMIS.........oooiiii i 4
2aAerial stems branched, procumbent............cccevviiiieeciiiiiiiii, 8. E. woodi
2b Aerial stems UNBbranChed............ooo e 3
3aPinnae (1)B6 pairs per leaf; leaflets 43 (21) pairs per pinna........... 4. E. obliqua

3b Pinnae (2)B17 pairs per leaf; leaflets (7)1£5(55) pairs per pinNa.........ccccceeeeeeen...

....................................................................................................... 2.E. elephantina

4a Suffrutex, stems procumbent, longitudinally striate.......................c.. 8. E. woodii
4b Shrub or smaltree, stems erect, not longitudinally striate.............cccceeeeieeeeeee. 5
5a Leaflets with midrib marginal throughout..................................7. E. suffruticosa
5b Leaflets with midrib central or nearly so, at least towards the.apex................. 6

6a Leaflets only slightly asymmetric basally, proximal side cuneaséigbtly rounded;

leaves with (1)#8(9) pairs of PINNAE........ccvvviiieiiiiii e, 1. E. burkei

6b Leaflets strongly asymmetric basally, proximal side broadly routideatate to almost
auriculate; leaves withiZ1 pairs Of PINNAE..........couiiiiiiiiiiiiieeiii e 7
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7aLeaves with (9)1230(41) pinnae pairs; leaflets 0Z.5 mm wide, usually on very short

PEUOIUIES ... —————- 3. E. goetzei
7b Leaves with 212(14) pinnae pairs; leaflets 025 mm wide, sessile.................. 8

8aLeaflets 0.91.5 mm wideSouth Africa:Limpopo and Mpumalanga......................

..................................................................................................... 5. E. praetermissa

8b Leaflets (1)1.53.5 mm wide; Namibia: Grootfontein and Otavi areas..................

........................................................................................................ 6. E. schinziana

7.3.3 Key to species dElephantorrhizabased on vegetative and floral characters

Below follows acomprehensivi&ey to the genuklephantorrhizébased orvegetative and

floral characters. For an inclusive summary representing all proposed species of the genus as
investigated with @omparisorof the quantitative and/or qualitativearacters, see Table 7.1

and 7.2

laFlowers usually produced before any leaves appear.............ccccccvveevvvvevininnnnn. 2
1b Flowers usually produced together with new flush of leaves........................... 4
2aPlants SUMTUIEXES.......uuuiiiiiiiiiiiiiiet ettt 2.E. elephantina
2D Plants trees Or SNIUDS.........oooiiii e e 3
3aPlants from central to western Namibia or Angola.................... 7. E. suffruticosa

3b Plants from extreme eastern part of Caprivi strip in Namibia, Zambia, Zimbabwe,

Botswana and South AfFiCa.........cooooviiiiiiii e 3. E. goetzei

107



A PIANIS SUMTULEXES. . .o eeeee e et eem e 5

4b Plants trees Or SNIUDS.........ooiiiii e 7
5a Aerial stems branched, procumbent.............ccoooeevieeeiiiiiiie e 8. E. woodii
5b Aerial stems unbranChed. ... 6
6aPinnae (1)B6 pairs per leaf; leaflets 43 (21) pairs per pinna........... 4. E. obliqua
6b Pinnae (2)B17 pairs per leaf; leaflets (7)125(55) pairs per pinna.........ccccc.uvvveee.
....................................................................................................... 2.E. elephantina

7aLeaflets only slightly asymmetric basally with the proximal side cuneate to slightly
(10 T T [T o PSP 1. E. burkei

7b Leaflets strongly asymmetric basally with the proximal side broadly rouindedate to

e L[ [o I dE= 10 £ (o1 U] = 1 (= TR 8

8a Racemes short, 465 mm long, usudl aggregated on short lateral branches, less
frequently solitary or fascicled; South Africa: Limpopo and Mpumalanga................

..................................................................................................... 5.E. praetermissa

8b Racemes 585 mm long, axillary, solitary or paired; Namibia: Grootfontaml Otavi

A B e 6. E. schinziana

The following comprehensive summary represents all proposed species of the genus
investigated and the quantitative and/or qualitatmmparison®f charactersTable 7.1
represents aummary of character featurdslephantorrhiza burk&i. obliquavar. obliqua.

Table 7.2 continues the summary freephantorrhiza praetermiss&. sp.
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Table 7.10 Summary of character features:Elephanthorrhiza burkej E. elephanting E. goetzeiand E. obliqua

E. goetzebubsp.

E. obliquavar.

E. obliquavar.

Character E. burkei E. elephantina goetzei E. goetzebubsp.lata | glabra obliqua
Growth form shrub/small tree suffrutex shrub/small tree shrub/small tree suffrutex suffrutex
unbranched, unbranched, unbranched,
Aerial stems branched, ascending | ascending branched, ascending | branched, ascending | ascending ascending
Height of stems 1i 3(6) m 0.209m Li4(7) m 1i4(7) m 0.3m 0.3m
glabrous (rarely
Stem pubescence glabrous pubescent) glabrous glabrous glabrous pubescent
grey-brown to dark
brown or reddish
brown to purplish,
often becoming
Branchlet colour darkgrey toreddish blackish
glabrous/sparingly
Leaf pubescence glabrous or almost so| pubescent glabrous or almost so| glabrous or almost so| glabrous pubescent
Petiole length 2.6/6.5cm 1.3/3.6(8) cm 1i5(7.5) cm 216 cm 216 cm
Rachislength 3.6/14.5cm 3.5113.5(17.5) cm 6i 20(45.5) cm (0)1.59 cm (0)1.59 cm
Rachis
characteristics sulcate above sulcate above
21 4 increasing to17
Pinna pairs (1)41 8(9) 17 (3)14i130(41) 4i 15 (126 (126
Rhachillae length 3.5112.5cm 31 9(10.5) cm (1.8)3.59(9.5) cm 6.5/ 15 cm 2i11lcm 2i11lcm
Leaflet pairs per
pinna (9)121 23(32) (7)121 45(55) (9)20r 40(48) 9i 28 4113(21) 4113(21)
(4)5i 10(15) x 3.5112 x 0.7 2.75(3)
Leaflet size 7117 x 1.5 3.5(5) mm| (0.3)0.5 2(2.5)mm mm 12122 x 48 mm 5515 % 26.5 mm 5515 % 26.5 mm

Leaflet shape

narrowly oblanceolatg
to narrowly elliptic, or
linearoblong

linear to linear
oblong, rarely
narrowly oblanceolatg

linearoblong to
narrowly oblong

linearoblongto
narrowly oblong

oblique, ovate to
ovateoblong

oblique, ovate to
ovateoblong
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Character

E. burkei

E. elephantina

E. goetzebubsp.
goetzei

E. goetzebubsp.lata

E. obliquavar.
glabra

E. obliquavar.
obliqua

Leaflet symmetry

slightly asymmetric

asymmetric

asymmetric

asymmetric

asymmetric

asymmetric

distal corner of leaflet
base becoming almosg

distal corner ofeaflet
base becoming almog

distal corner of
leafletbase becoming

distal corner of
leafletbase becoming

Midrib central central central central
Proximal side of rounded and almost | rounded and almost
leaflet base rounded to cuneate | rounded to cuneate | auriculate auriculate

Leaflet venation

prominent or not

prominent or not

inconspicuous or not
visible

inconspicuous or not
visible

prominent above and
below

prominent above and
below

Glands

Raceme position

axillary, solitary or
fascicled, often on
lateral shoots

lower part of stem,
axillary, solitary or
clustered

solitary, fascicled or
borne on short lateral
shoots

solitary, fascicled or
borne on short lateral
shoots

axillary, often
solitary, on lower or
apical part of stem

axillary, often
solitary,on lower or
apical part of stem

Raceme length (incl.

peduncle) 5110(12.5) cm (2)3.58(12) cm (2)51 20 cm (2)51 20 cm 3.5/6 cm 3.5/6cm
glabrous, very rarely glabrous/very glabrous/very
Raceme pubescence| glabrous pubescent glabrous glabrous sparingly pubescent | sparingly pubescent

Flower colour

yellowish-white

yellowish-white

yellowish-white,
sometimes tinged
with pink or purple

yellowish-white,
sometimes tinged
with pink or purple

yellowish-white

yellowish-white

Pedicel length

2 mm

1.5 mm

1 mm

1mm

1.5 mm

1.5 mm

Pedicel articulation

near the middle

near the middle

near the middle

near the middle

reddish, at base of

reddish or reddish
brown at base of

pale, yellowishwhite,

pale, yellowishwhite,

reddish, at base of

reddish, at base of

Glands pedicels pedicels at base of pedicels at base of pedicels pedicel pedicel
campanulate,5
toothed, teeth up to | campanulate, shortly campanulate, shortly | campanulateshortly
Calyx shape 0.75 mm long 5-toothed acutely 5toothed acutely 5toothed 5-toothed 5-toothed
Calyx length 2.5 mm 1.75 mm 1.51.75 mm 1.51.75 mm 2 mm 2 mm
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E. goetzebubsp.

E. obliquavar.

E. obliquavar.

Character E. burkei E. elephantina goetzei E. goetzebubsp.lata | glabra obliqua
Calyx pubescence glabrous glabrous glabrous glabrous glabrous glabrous
Petal size 4.5x1 mm 2.753.75x1 mm 2.5'3 mm long 2.53 mm long 4.5 x 1 mm 4.5 x 1 mm
Petal shape linearoblong linearoblong linearoblong linearoblong linearoblong linearoblong
Petal pubescence glabrous glabrous glabrous glabrous glabrous glabrous

Petal bases & apices

shortly united basally,
inflexed apically

free or slightly
connate basally,
inflexed apically

shortly united below,
becoming almost free
in open flowers,
inflexed apically

shortly united below,
becoming almost free
in open flowers,
inflexed apically

shortly united below,
inflexed apically

shortly united below,
inflexed apically

Stamen free, slightly adnate tq free, slightly adnate tq free, slightly adnate tq free, slightly adnate tq free, slightly adnate tq free, slightly adnatéo
characteristics corolla basally corolla basally the corolla basally the corolla basally corolla basally corolla basally
Filament length 5 mm 6.5 mm 4.5 mm 4.5 mm 7.5 mm 7.5 mm

Anther length 0.75 mm 1 mm 1 mm 1 mm 0.8 mm 0.8 mm

Glands deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical
Ovary length 2mm 1.75 mm 2mm 2mm 2 mm 2 mm
Ovary shape linear linear linear
Ovary pubescence glabrous glabrous glabrous glabrous glabrous glabrous
Ovary
characteristics shortly stipitate sessile sessile
dark brown or dark brown or

dark brown to dark brown or reddish or purplish reddish or purplish

Pod colour reddishbrown reddishbrown brown brown dark purplishkbrown | dark purplishbrown
(5)9.515(21) x 35.7 | 15i30(44) x 1.32.2 | 15/30(44) x 1.32.2

Pod size 10i119(28) x 2.54 cm | cm cm cm 11 x4 cm 11 x4 cm

Pod venation

transversely venose

transve rsely venose

transversely venose

transversely venose

Pod characteristics

straight or slightly
curved, oblong,

compressed

straight or slightly
curved, compressed,

umbonate over seeds

straight orcurved,
umbonate over the

seeds

straight or curved,
umbonate over the

seeds

straight, compressed

straight, compressed
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E. goetzebubsp. E. obliquavar. E. obliquavar.
Character E. burkei E. elephantina goetzei E. goetzebubsp.lata | glabra obliqua
separating from separating from separating from the | separating fromhe
Pod valves persistent margins persistent margins persistent margins persistent margins
18126 x 1318 x 613 | 11120x918x 712 | 11i20x 918 x 712
Seed size 9113 x 812 mm mm mm mm
Seed shape ellipsoid ellipsoid to lenticular | ellipsoid to lenticular
Table 7.20 Summary of character features:Elephanthorrhiza praetermisseE. rangei E. schinziang E. suffruticosg E. woodiiand E. sp.
E. woodiivar. E. woodiivar.
Character E. praetermissa E. rangei E. schinziana E. suffruticosa pubescens woodii E. sp.
shrub/(? or small | shrub/(? or small
Growth form shrub tree) tree) shrub/small tree suffrutex suffrutex suffrutex
branched, branched, branched, branched, branched, branched,

Aerial stems ascending ascending ascending ascending procumbent procumbent unbranched
Height of stems 1i2m 4m 25m 1i5m 0.6m 0.6m 0.6/0.8 m

glabrous or

sometimes

puberulous to glabrous or almost
Stem pubescence | glabrous glabrous glabrous shortly pubescent | pubescent SO glabrous

grey-brown to

grey or reddish reddishbrown to | grey or reddishto | dark or reddish

Branchlet colour | brown purplish purplishbrown brown

glabrous to

puberulous or glabrous or almost
Leaf pubescence | glabrous glabrous glabrous shortly pubescent | pubescent o) glabrous
Petiole length 2.214 cm 214.5cm 2.213.5(5.2) cm (0.6)1.53.5cm 0.81.6 0.8/1.6 cm 3i4.5cm

(4.5)7.5 (0.5)1017(25.4)

Rachislength 419 cm (1.5)37.5cm 14.5(20.5) cm cm (1)3.58.5(13) cm | (1)3.58.5(13)cm | 7.5/18 cm

Rachis
characteristics

sulcate above

sulcate above

sulcate above
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E. woodiivar. E. woodiivar.
Character E. praetermissa E. rangei E. schinziana E. suffruticosa pubescens woodii E. sp.
Pinna pairs (3)5110(12) (1)317(9) (2)6111(14) (2)1527(42) (2)510 (2)5 10 3i8
Rhachillae length | (2.8)3.56(7) cm 51 8.5(9)cm 5.5110(14) cm (1.4)23.5(6.8) cm| 1.816 cm 1.8/6 cm 7.5110 cm
Leaflet pairs per
pinna 20i 40 241 36 (14)21 40 (17)27 40(50) 12 28 12128 13/ 22
5/10x0.915 61 9(12) x 1 (5)7114x1535 |3i7.5x051.2 25609 x I 25609 x I
Leaflet size mm 2.75@) mm mm mm 1.8(2.25) mm 1.8(2.25) mm 9111 x35mm
linearoblong to very oblique,

linear or linear

oblong, sometimes

linearoblong to

linearoblong to

linear to linear

linear to linear

broadly truncate

Leaflet shape oblong slightly falcate oblong linear oblong oblong basally
Leaflet symmetry | asymmetric asymmetric asymmetric asymmetric asymmetric asymmetric asymmetric
distal corner of distal corner of the distal cormer of the
distal corner of leafletbase, leafletbase, distal corner of distal corner of leafletbase
leafletbase becoming almost | becoming almost | marginal leafletbase leafletbase becoming almost
Midrib becoming central | central central throughout becoming central | becoming central | central
Proximal side of rounded to almost
leaflet base rounded auriculate rounded rounded rounded rounded slightly auricled

Leaflet venation

inconspicuous

inconspicuous

inconspicuous

inconspicuous

inconspicuous

inconspicuous

Glands

sometimes minute
dark purplish
glands at base of
leaflets

solitary, fascicled
or aggregated on
abbreviated lateral

axillary, solitary or

axillary, solitary or

axillary, solitaryor
21 3 together, or
borne on lateral

axillary, often

axillary, often

Raceme position | branchlets paired paired shoots solitary solitary

Raceme length

(incl. peduncle) 4i5.5cm 5.58 cm 719.5cm (4)6114(18) cm 4.5/9.5cm 4.59.5cm
pubescent or

Raceme sometimes

pubescence glabrous glabrous glabrous glabrous pubescent glabrous
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E. woodiivar. E. woodiivar.
Character E. praetermissa E. rangei E. schinziana E. suffruticosa pubescens woodii E. sp.
Flower colour yellowish-white greenishyellow yellowish-white yellowish-white yellowish-white yellowish-white
Pedicel length 1.52mm 1i1.75 mm 0.75 mm 1 mm 1.25 mm 1.25 mm

Pedicel

near or belovthe

just below the

articulation middle middle towards the apex | near the middle near the middle near the middle

reddish or reddish
dark reddish, at yellowish, at base | yellowish, at base | brown at base of
Glands base of pedicels | of pedicel of pedicels pedicels at basef pedicels | at base of pedicels
campanulate,5 cupular, shortly 5 | cupular, shortly 5

Calyx shape 5-toothed toothed toothed toothed shortly 5toothed | shortly 5toothed

Calyx length 0.751.25 mm 212.25 mm 1.5 mm 1 mm 1.5 mm 1.5 mm
glabrous or
sometimes
sparingly

Calyx pubescence| glabrous glabrous glabrous pubescent glabrous glabrous

Petal size 213 mm 3i4x1mm 3I3.75x1 mm 313.75x1 mm 3.25 x 1.25 mm 3.25 x 1.25 mm

Petal shape linearoblong oblong linearoblong linearoblong lanceolate lanceolate

Petal pubescence | glabrous glabrous glabrous glabrous glabrous glabrous

Petal bases &

shortly united

shortly united
basally, inflexed

shortly united
basally, inflexed

shortly united
basally, inflexed

free or slightly
connate basally,

free or slightly
connate basally,

apices basally apically apically apically inflexed apically inflexed apically
free, slightly free, slightly free, slightly free, slightly free, slightly free, slightly

Stamen adnate to corolla | adnate to the adnate to the adnate to the adnate to corolla | adnate to corolla

characteristics basally corolla basally corolla basally corolla basally basally basally

Filament length 4i5 mm 5.5 mm 5 mm 5 mm 6 mm 6 mm

Anther length 0.9 mm 0.8 mm 0.8 mm 1Imm 1 mm

Glands deciduous, apical | deciduous, apical | deciduous, apical | deciduous, apical | deciduous, apical | deciduous, apical

Ovary length 2mm 4 mm 2.25 mm 2mm 2 mm 2mm

Ovary shape linear linear linear linear linear

Ovary

pubescence glabrous glabrous glabrous glabrous glabrous glabrous

Ovary

characteristics shortly stipitate subsessile subsessile
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E. woodiivar. E. woodiivar.
Character E. praetermissa E. rangei E. schinziana E. suffruticosa pubescens woodii E. sp.
dark brown or dark brown or dark brown or dark brown or dark reddish darkreddish
Pod colour reddishbrown reddishbrown reddishbrown reddishbrown brown brown
18.52022) x 2i (15)1930(40.5) x | 8.5'30.5x1.8
Pod size 12118 x23.2cm | 2.5cm 313.9cm 2.25cm 9x3.2cm 9x3.2cm
obscurely or transverse venatiol prominently prominently
prominently relatively transversely transversely transversely transversely
Pod venation venose inconspicuous venose venose venose venose
straight or slightly
straight or slightly | curved, linear
straight or almost | curved, oblong, oblong to oblong, | falcate, falcate,
straight or slightly | so, oblong, slightly| compressed, compressed, compressed, compressed,

Pod
characteristics

curved,
compressed

umbonate over the
seeds

umbonate over the
seeds

umbonate over the
seeds

umbonate over
seeds

umbonate over
seeds

separating from the¢

separating from the¢

separating from the

separating from thg¢

Pod valves persistent margins| persistent margins| persistent margins| persistent margins
Seed size 15x13 x3.5mm 13115 x 912 mm
Seed shape roughly ellipsoid
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7.4 Speciesreatment

1. Elephantorrhiza burkeiBenth. in Hook., Lond. J. Bot. 5: 81 (1846); Harv. in F.C. 2: 278
(1862); Benth. in Trans. Linn. Soc. Lond. 30: 365 (1875); Phillips in Bothalia 1: 192, t.5 fig.
4 (1923); Bak.f., Leg. Trop. Afr. 3: 801 (1930); Bubtavy, Fl. Transv. 2: 332 (1932);

O.B.Miller in J. S. Afr. Bot. 18: 31 (1952); Wild, Guide Fl. Vict. Falls 149 (1952 der

Schijff: 51 (1969)Brenan & Brummitt in F.Z. 3,1: 27 (1970); Palmer & Pitman, Trees S.

Afr. 2: 825 (1973); Ross in Bothalia 1152(1974) Ross: 143 (1975); Tree Society of

southern Africa: 264 (1974); Ross: 1859 (1982); Germishuizen & Fabian: 168 (1997); Retief
& Herman: 432 (1997); Van Wyk & Malan: 164 (1997); Van Wyk & Van Wyk: 512 (1997);
Coates Palgrave: 308 (2002); Schnathl.: 176 (2002); Boon: 196 (2010)

Type: Transvaal, Magaliesbefurke & Zeyhe(K, holo.e!; BM e!, TCD e!, Z e!,iso).

E. elephantingBurch.) Skeels vaburkei(Benth.) Merr. in Contr. Gray Herb. 59: 18 (1919).

Type as above.

A branched shrub or small treé3(6) m high, occasionally as small as 0.3 m, but then the
aerial stems distinctly woody and branched and the inflorescences normally borne on lateral
shoots of the current seasono0 gandgpletoglabréus. b ar k
Leaves glabrous or almost so: petiolé @ mm longyrachis36i 145 mm long; pinnae (1)4

8(9) pairs; rhachillae 3326 mm long; leaflets (9)123(32) pairs per pinnaj 173 1.5

3.5(5) mm, narrowly oblanceolate to very narrowly elligtidinearoblong, usually

glaucous, glabrous, base slightly asymmetric (less so&halephanting with the proximal

side rounded to cuneate, apex symmetric, obtuse to rounded, generally mucronate, lateral
nerves and veins prominent or not. Racemesaayjlsolitary or fascicled, often on lateral

shoots, 50100(125) mm long (including the peduncle), glabrous. Flowers yellewiste,

on pedicels up to 2 mm long, pedicels articulated near the middle, with minute reddish glands
at the base of the pedicetSalyx campanulate, up to 2.5 mm longpbthed, the teeth up to

0.75 mm long, glabrous. Petals shortly united basally, up to 4.5 mm long, 1 mm wide, linear
oblong, inflexed apically, glabrous. Stamens free among themselves, slightly adnate to the

corolla basally; filaments up to 5 mm long, anthers up to 0.75 mm long, with a deciduous
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apical gland. Ovary up to 2 mm long, glabs. Pods dark brown to reddisfown, 100

190(280) 25 40 mm, straight or slightly curved, oblong, compressed, sometimes
prominertly transversely venose, at maturity the valves separating from the persistent
margins, the outer layer of the pod wall peeling off the inner layer, the layers remaining intact

or breaking up irregularly. Seeti®i 133 8i 12 mm.

Representative specimens

De Winter417 (PRE);Louw597 (PRE);Schlieberll0528(PRE);Story1411(PRE); Theron
1561(PRE) see also Figure 7.3 and 7.4

Distribution: in rocky places in savanna, scrub and grassland; Botswana, Mozambique,
Zimbabwe, South Africa: Northern Cape, Nowlest, Gauteng, Free State, Eastern Cape,
Limpopo and Mpumalangéigure 7.2.

Notes This species differs fror. elephantingrimarily in being a shrub or tree with
branched perennial aerial stems and not a geoxylic suffrutex with annual aerial stems.
Elephantorrhiza burkegenerally has smaller seed$132 8/ 12 mm)and less asymmetric
leaflet bases thalB. elephantinaThe tree is therincipal host plant for the larvae of the
majestic wattle or speckled emperor md@ynanisa majgPinhey 1972 Watt & Breyer
Brandwijk (1962),Tshikalangeet al. (2005)andMathabeet al (2006)reported on its
medicinal value and it has been recorded as a natural remedy for diarrhoea, sexually
transmitted diseases and is used as an astringent and for tanning &atimaon names for
this species includdrasboontjiebasbosbreépeulbasboontjjéooibos skroefboontjie
(Afrikaans);broadpod elephantroot, elephantroot, surbaeh sumach elephantroot
(English);GerbhulsenstraucfiGerman)jlilamba, intolwane(Northern Ndebele); e gi t gan e
(Northern Sothjy mositsanemosidi mosidigodimg mosidimogolo(Tswang; tshisese
thavha gumululq tshisesevhuf@/enda)(Smith 1966; Van Wylet al.2011).
Elephantorrhiza burkes Red Listed as LC (Least Concern) (Raimoetial. 2009).
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Elephantorrhiza burkei

Zimbabwe
Namibia

Botswana

Mozambique

South Africa
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Geographic Kiiomicters [ Distribution Area

Figure 7.20 Distribution map of E. burkeiin southern Africa. This species occurs in

Botswana, Mozambique, Zimbabwe, South Africa: Northern Cape, North West,

Gauteng, Free State, Eastern Cape, Limpopo and Mpumalanga.
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Figure 7.3 Holotype of Elephantorrhiza burkeiBenth. (Burke & Zeyher s.n, K).
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. burkeion the Silverton Ridge, Pretoria

Figure 7.40 Profusely flowering specimen oE

, but also attracting insects that

especially bees

This species is a hub for pollinators

forage for pollen such afPachnoda sinuata
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2. Elephantorrhiza elephantingBurch.) Skeelsin U.S. Dept. Agric. Bur. Pl. Ind. Bull. 176:

29 (1910); Bak.f., Leglrop. Afr. 3: 800 (1930); Burtt Davy, Fl. Transv. 2: 332 (1932); O.B.
Miller in J. S. Afr. Bot. 18: 31 (1952 ompton: 117 (1966);eistner, Mem. Bot. Surv. S.

Afr. 38: 123, t.141967); Schreiber in F.S.W.A. 58: 16 (196Van der Schijff: 51 (1969);

Van der Schijff & Snyman in J. Arn. Arb. 51: 114 (1970); Brenan & Brummitt in F.Z. 3,1: 27
(1970); Ross, FINatal 194 (1973); in Bothalia 11: 249 (197R)pss: 140 (1975); Compton:
239 (1976); Plowes & Drummond: 53 (1976); Onderstall: 87 (1996); Germishuizen &
Fabian: 164 (1997Retief & Herman: 432 (1997)/an Wyk & Malan: 164 (1997); Pooley:

150 (1998); Schmidtt al: 176 (2002); Germishuizen & Clarke: 101 (2003); Curtis &
Mannhemer: 190 (2005)

Type: Cape Province, Kuruman Distr., between Matlowing [Mashowing] River and Kuru,
Burchell2410(K, holo.e!; Pe!).

Acacia elephantin®urch., Trav. 2: 236 (1824). Type as abokeelephantorhiz®C.,
Prodr. 2: 457 (1825) nonilegit. Type as above.

Prosopis elephantorrhiz€DC.) Spreng., Syst. Cur. Post. iv: 165 (1827); Eckl. & Zeyh.,
Enum. 259 (1836). Type as abotk.elephantingBurch.) E.Mey., Comm. 165 (1836). Type
as above.

Elephantorrhiza burchelliBenth. in Hook.,J. Bot. 4: 344 (1841) nom. illegit.; Harv. In F.C.

2: 277 (1862); Benth. in Trans. Linn. Soc. Lond. 30: 365 (1875); MacOwan in Agric. J. Cape
G.H. 10: 29(1897); Schinz in Mém. Herb. Boiss. 1: 116 (1900); Sim., Faapk Col. 209,

t.16, viii (1907); Dirter, DeutsckSudwestAfrika Fl. Forst und landwirtschaft. Frag. 78

(1909); Harms in Engl., Pflanzenw. Afr. 3,1: 400, t.229 (1915); Dinter in Feddes Rigpert.
190 (1921); Hofmeyer in S. Afr. J. Nat. Hist. 3: 215 (1921); Phillips in Bothalia 1: 189, t.5
fig. 2 (1923); Marloth, Fl. S. Afr. 2: fig. 26 (1925). Type as above.
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E. rangei @rangerid sensu Phillips in Bothalia 1: 192, t.5 fig. 5 (1923) pro parte quoad
specimDinter 2264 etHerb. Mus. AustréAfr. 4485, non Harms sensu stricko.dinteri
Phillips ined.

Geoxylic suffrutex producing annual stems 2@8@0 mm high from the woody end of a
elongate rhizome at ground level; aerial stems unbranched except for inflorescences (rarely
branched after damage to the main apex); young stems glalnauslg pubescent. Leaves
glabrous or sparingly pubescent: petiolé 3(80) mm longrachis35i 135 (175) mm long;
pinnae 24 pairs in lower leaves increasing fidl7 opposite or subopposite pairs in upper
leaves; rhachillae 3@0(105) mm long; leaflet§12 45(55) pairs per pinna, (4)50(15)3
(0.3)0.5 2(2.5) mm, linear to lineasblong, rarely narrowly oblanceolate, glabrous or almost
so, base nearly always asymmetric, with the proximal side rounded to cuneate, apex
symmetric to asymmetric, acute, ubpanucronate or rarely obtuse, lateral nerves and veins
prominent or not. Racemes usually confined to the lower part of the stem, axillary, solitary or
fascicled, (20)3680(120) mm long (including the peduncle), glabrous or very rarely
pubescent. Flowengellowishrwhite, on pedicels up to 1.5 mm long, pedicels articulated near
the middle, with minute reddish or reddisfown glands at the base of the pedicels. Calyx
shortly campanulate, up to 1.75 mm longpbthed, glabrous. Petals free or slightly caena
basally, 2.763.75 mm long, up to 1 mm wide, lineablong, inflexed apically, glabrous.
Stamens free among themselves, slightly adnate to the corolla basally, filaments up to 6.5
mm long, anther up to 1 mm long, with a deciduous apical gland. Ovaoylup5 mm long,
linear, shortly stipitate, glabrous. Pods dark brown or reddigivn, (50)95150(210) 30i

57 mm, straight or slightly curved, oblong, compressed, usually prominently transversely
venose, often umbonate over the seeds, at maturity thesvedparating from the persistant
margins, the outer layer of the paall peeling off the inner layer, the layers usually

breaking up irregularly. Seedsiz®b? 13i 183 6i 13 mm,° ellipsoid.

Representative specimens

Huntley1492(PRE);Marloth 852 (PRE);Marsh58 (PRE); Repton66 (PRE); Sutton604
(PRE) see alsd-igure 76 and 7.7
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Distribution: occurs in large colonigglones)in open grassland and scridound in
Namibia, Botswana, Zimbabwe, Mozambique, Lesp8wazilandand South Africa:
Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West, KwaZulu

Natal and LimpopoKigure 75).
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Figure 750 Distribution map of E. elephantinain southern Africa. This species occurs

in Namibia, Botswana, Zimbabwe Mozambique, Lesotho, Swaziland and South Africa:
Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West,

KwaZulu -Natal and Limpopo.

Notes Ross (1975) noted thalthoughE. elephantinas typically suffrutescent in habit with
unbranched aerial stems, exceptions do occur when the growing apex of biadaehesged
resulting in the development of lateral brancAdss is the most common and widespread of
all species oElephantorrhizaElephantorrhiza elephantinshows considerable variation in

leaf characteristicéiHo we v er , this variation is continuou
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infraspecific taxa cannot be delimitgdermination of seeds is interesting: the cotyledon tube
elongates not only to carry the radicle out, but also to implant the plumule into the ground
(Van der Schijff & Snyman 1970}t is thought that this may be an adaptation to its
suffrutescent habit and its associated difiies inproducing offspringThe gecies is a

known ethnomedicinal and ethnoveterinary plant; the bark was traditionally alstouaad
leather.The bright red colour of the rhizome indicates the presence of tannins known to have
antidiarrhoeal, antiseptic, antibagtl and antifungalnepertieWatt & BreyerBrandwijk

1962; Van Wyket al 1997; Victoret al 2005) Common names fdE. elephantinanclude:
basworte] elandsboontjieelandswortelleerbossielooiersboontjie looiersbhossie

looiersworte| olifantswortel(Afrikaans); dwarf elephant o ot , el anddés wattl e,
(English);gerbwurze(German)n/oan( J u | o#mumib(Khoekhoegowab)nositsane
(Sotho);intolwane(XhosaandZulu); ugweje umdabuZulu); mupangaraomundjozéother
indigenous southern African languageSinjth 1966 Curtis & Mannheimer 2005)
Elephantorrhiza elephantinia Red Listed as LC (Least Concern) (Raimoetlal. 2009).
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Figure 7.60 Type of Elephantorrhiza elephantingBurch.) Skeels (Burchell 241Q P).
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Figure 7.70 After a veld fire, E. elephantinais often one of the first rsprouters in

Highveld grasslands during late winter or early spring. Here a plant is resprouting in
the Pretoria National Botanical Garden after a controlled burn on the estate. Note that

leaves and flowers appear simultaneougl
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3. Elephantorrhiza goetzejHarms) Harms in Engl., Pflanzenw. Afr. 3,1: 400 (1915);

Bak.f., Leg. Trop. Afr. 3: 802 (1930); Brenan, Checklist Tang. Terr. 344 (1949); Wild, Guide
Fl. Vict. Falls 149 (1953); Williamson, Useful Pl. Nyasal. 52 (1955); Brenan in F.T.E.A.
Legum:-Mimos.: 19, fig. 4 (1959); White, For. Fl. N. Rhod. 91 (19@&knan & Brummitt:

189 (1965); Van der Schijff: 51 (196Brenan & Brummitt in F.Z. 3,1: 24, t.4 (1970);

Palmer & Pitman, Trees S. Afr. 2: 827 (1973); Ross in Bothalia 11: 253 (1R@43: 145
(1975); Retief & Herman: 432 (1997); Coates Palgrave: 309 (2002); Sobinaildt176

(2002); Curtis & Mannheimer: 192 (2005)

Type: Tanzania, Rufiji DistrictGoetze82 (B, holo.A BM, drawinge!, K, e!, iso.)

Piptadenia goetzdilarms in Engl., Bot. Jahrb. 28: 397 (1900). Type as above.

E. goetzesubspgoetzeiBrenan & Brummitt in Bol. Sodrot., Sér. 2,39189 (1965); in
F.Z. 3,1: 24 (1970); Ross in Bothalia 11: 253 (1974). Type as above.

E. rubescen&ibbs in J. Linn. Soc. Bot. 37: 441 (1906); Eyles in Trans. Roy. Soc. S. Afr. 5:
364 (1916). Type: Rhodesia, Matopo Hilzipbbs184 (BM, holo.) E. cf. petersianasensu
Gomes e Sousa, Pl. Menyharth. 70 (1986%f. goetze(Harms) Harms, Torre in C.F.A. 2:
263 (1956)E. sp. sensu Torre |.c.: 264.

Acacia rehmannianaensu M. A. Exell in Bol. Soc. Brot. Sér. 2,12: 16 (1937), non Schinz.

E. goetzesub$. lata Brenan & Brummittin Bol. Soc. Brot., Sér. 2, 39: 189 (1965). Type:
Zambia, Katombordylorze55 (FHO, holo.e!).

E.sp. 1White in F.F.N.R.: 91 (1962).

Shrub or small treei®(7) m high; bark greyprown to dark brown or reddigbrown to

purplish, often becoming blackish; young branchlets glabrous. Leaves glabrous or nearly so;

127



petiole 1050(75) mm longrachis60i 200(455) mm long, sulcate above; pinna8&g41)
opposite or subopposite pairs; rhachillaed@mm long; leafletsi310(48) pairs, 3612 (22)

3 0.712.75(8) mm (in the FSA area leaflets are short whereas specimens from Zambia and
Zimbabwe have much longer leaflets), lineftong to narrowly oblong; midrib starting in

the distal corner of the leaflelase, gradually becoming almost central inléadlet, proximal
side of the base rounded and almost auriculate, apex acute to rounded, mucronate, nearly
symmetric, glabrous, lateral nerves and veins not or scarcely visible. Racemes solitary,
fascicled or borne on short lateral shoots, (20280(230)mm long (including the

peduncle), glabrous. Flowers yellowistite, sometimes tinged with pink or purple, on
pedicels up to 1 mm long; pedicels articulated near the middle, with minute pale yellowish
white glands at the base. Calyxi115/5 mm long, wittb acute teeth, glabrous. Corolla with
petals shortly united below, becoming almost free in open floweiis3 2atn long, linear
oblong, inflexed apically, glabrous. Stamens free among themselves, slightly adnate to the
corolla basally, filaments up to 4.5¢nmlong; anthers up to 1 mm long, with a deciduous
apical gland. Ovary up to 2 mm long, linear, glabrous. Pods dark brown or reatdish
purplishbrown, 150 300(440) 13/ 22(30) mm, linear, straight or curved, raised over the
seeds, at maturity the valvespairating from the persistent margins, the outer layer of the
podwall peeling off the inner layer, the layers remaining intact or breaking up irregularly.
Seeds 111203 9i 183 7i 12 mm, ellipsoid to lenticular.

Representative specimens

Biegel, Pope &Russeld114 (PRE)Co0dd10393 (PRE)LangTRV32109 (PRE)Leach
10598 (PRE)Vorster & CoetzeP099 (PRE)see also Figure 7&nd 710.

Distribution: occurs in rocky places in woodland, scrub and savdfmand in Botswana,
Zimbabwe, Mozambige, Angola, Tanzania, MalawZambiaand South AfricaLimpopo
and MpumalangaRjgure 78).
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Figure 7.80 Distribution map of E. goetzein southern Africa. This species occurs in

South Africa, Botswana, Zimbabwe, Mozambique, Angola, Tanzania, Malawi, Zambia

and South Africa: Limpopo and Mpumalanga

Notes Ross (1975) mentioned a single isotyBeétze 8Rin his FSA contribution of
Elephantorrhiza The holotype was destroyed in World WarGbetze 82n K was therefore
chosen as the lectotype. A possible earlier name for this taxon nkaypk&rsiandolle in
Peters, Rasie Mossamb. Bot. 1: 9 (186However, with the holotype destroyed and the
description too imperfect to positively identify the species, the issue remains unresolved and
the current name is upheld. Previous subspecific ranks were designated based on leaf
characters (pinna pairs and leaflet sizes). These claimed differenceshiddnehen
comparing material and the variation is continuous, therefore subspecific ranks cannot be
upheld.Elephantorrhiza goetzés a known ethnomedicinal plant with recorded uses for the
treatment of sexually transmitted diseases and for a cledd®me( & Pitman 1972Van

Wyk & Gericke 2000. Several compounds have been isolated from various plant pé&rts of
goetzei(Moyo et al. 1999;Majindaet al 2001 Wanjala & Majinda2001;Boyeret al 2005;
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Boyeret al 2009. Mglgaardet al (2001) investigated the potential anthelmintic activity of
E. goetzebark extracts which proved to be effecti@ehmidtet al. (2002) reports that roots
are traditionally mixed with those #nonna stenophyllto treat syphilis in Zimbabwe.
Common namefor this species includéasterbasboontjiesmalpeulbasboontjiéAfrikaans);
narrowpod elephantroot, bastard sunieean, false sumachbedarge elephantroot, longpod
elephantroo{English);kakolamvulaLozi); ililamba, intolwane(Northern Ndebele);
mugudzurymuzezepagiShona)mositsanéTswana (Smith 1966 Van Wyket al.2017).

Only the taxon previously known &s goetzesubspgoetzeihas been Red Listed as LC
(Least Concern) (Raimonda al. 2009). The taxon previously known Bsgoetzesubsp.

lata occurs in Zimbabwe and has never been Red Listed. With the subspecies now being
disregarded the distribution of the species is, in a sense, extended and the Red List status will
remain unchanged as LC (Least Concern). Loots (2005) kstgdetzeisubspgoetzeias

being Data Deficient.

130



Emarnsy o
TYPE SPECIMEN
i

pfaa@; _};&9:“ Fromd
in Bt Gk 25377 (1100).

HERS. BREOL. 1990

Figure 790 Drawing of type of Elephantorrhiza goetzefHarms) Harms (BM).
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Figure 7.100 lllustration of Elephantorrhiza goetzejHarms) Harms from Flora

zambesiaca.
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4. Elephantorrhiza obliquaBurtt Davy in Kew Bull. 1921: 191 (1921); Phillips in Bothalia
1: 189 (1923); Burtt Davy, Fl. Transv. 2: 332 (1932) pro parte excl. spRagers22011;
Ross in Bothalia 11: 248 (1974 0ss: 139 (1975Retief & Herman: 433 (1997) Schmielt
al.: 178 (2002)

Type: Transvaal, between Carolina and Oshoek, atanotftspgagn6 km fr om Robi ns
Burtt Davy2976(BM, holo.e!; FHOe!, K el).

E. obliquavar.obliqua Phillips in Bothalia 1: 189 (1923); Burtt Davy, Fl. Transv. 2: 332
(1932) pro parte excl. specifRogers22011; Ross in Bothalia 1.c.:248. Type as above.

E. obliquavar. glabraPhillips in Bothalia 1: 189, t.5 fig. 1 (1923); Burtt Davy, Fl. Transv. 2:
332 (1932); Ross in Bothalia 1.c.: 249. Syntypes: Transvaal, Middelburg Distr., Botsabelo,
Eiselensub PREL229(GRA, K e! PRE); Middelburg,Jenkins sub TRY128(PRE).

Geoxylic suffrutex producing at ground level annual herbaceous stems up to 0.3 m high from
a number of underground rhizomes; aerial stems unbranchelg remeched after damage to
main apex), longitudinally striate, pubescent or glabrous. Leaves pubescent or glabrous:
petiole 2060 mm longyachis15 90 mm long; pinnae (1j& pairs; rhachillae 210 mm

long; leaflets #13(21) pairs per pinna, 5.55 x 2 6.5 mm, very oblique, ovate ovate

oblong, broadly truncate basally, asymmetric and attached by one corner, midrib starting in
the distal corner of the leaflet base and gradually becoming almost central in the leaflet,
usually with 2 3 other prominent veins arising from the leallase, midrib and lateral nerves
prominent and above and below, acute or distinctly mucronate apically, glabrous or sparingly
pubescent on the margins. Racemes axillary, often solitary, on the lower or the apical part of
the stem, 3660 mm long (includinghe peduncle), glabrous or very spatlyngubescent.

Flowers yellowishwhite, on pedicels up to 1.5 mm long, with minute reddish glands at the
base of the pedicel. Calyx campanulate, up to 2 mm long, shelytled, glabrous. Petals
shortly united belowup to 4.5 mm long, 1 mm wide, lineablong, inflexed apically,

glabrous. Stamens free among themselves, slightly adnate to the corolla basally; filaments up

to 7.5 mm long; anthers up to 0.8 mm long, with a deciduous apical gland. Ovary up to 2 mm
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long, glabrous, sessile. Pod (only one collected) dark purplgtvn, 110 x 40 mm, straight,
compressed, prominently transversely venose.

Representative specimens

Codd10119(PRE);Du Plessisl074(PRE);Dyer 3934(PRE); GowerPRE5361{PRE);
Pole Evand113185(PRE) see also Figure 7.12

Distribution: occurs in grasslan@ound inSouth Africa:North West, Mpumalarayand
Limpopo (Figure 711).
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Figure 7.110 Distribution map of E. obliquain South Africa. This species occurs in
South Africa: North West, Mpumalanga and Limpopo.
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Notes Elephantorrhiza obliqualiffers fromE. elephantinan that ithasfewer pairs of

pinnae per leaf, fewer pairs of leaflets per pinna and in its oblique, rather large leaflets.
Previous subspecific ranks were designaiéese claimed differences do atid when
comparing materiatherefore subspecific ranks cannot be uphBheére are no recorded
common names for this species, although it might share sotheafmmon namesf E.
elephantinadue to their superficiadimilarity in appearancd&oth subspecies &. obliqua

have been Red Listed aid obliquasubspglabrais categorised as LC (Least Concern),
wherea<. obliquasubspobliquais categorised as DDT (Data Defici@ntaxonomically
Problematic)With subspeific ranks not recognisedhe species could possibly fall into the
category of Declining due to the impact coal mining and forestatiemdrathe habitat and
natural distribution of this specids. 2010 a search was conducted to try and locate the plant
and collect pods from its type locality. None were found as the whole area had been
converted to accommodate silviculture. Few open spaces were left between the plantations

and it is considered unlikely to rediscoerobliquain that area.
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Figure 7.1 Type specimerof Elephantorrhiza obliquaBurtt Davy (Burtt Davy 2976
PRE).
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5. Elephantorrhiza praetermissd.H.Rossn Bothalia 11: 252 (1974)Ross: 144 (1975);
Retief & Herman: 433 (1997); Schmietal: 178 (2002)

Type: Transvaal, Lydenburg Distr., Steelpoort valley, near SaraltGbdéi9830(PRE,
holo!; BM e!,K e!).

Shrub 12 m high; young branchlets greyr reddishbrown, glabrous. Leaves glabrous:

petiole 22 40 mm longyrachis40i 90 mm long, sulcate above; pinnae {3)6(12) opposite

or subopposite pairs; rhachillae (28)85(70) mm long; leaflets 2@0 pairs, 510 x 0.91.5

mm, linear or lineapblong, sessile, glabrous, asymmetric basally, midrib starting in the
distal cornepf the leafletbase and gradually becoming almost central in the leaflet, proximal
side of the base rounded, apex rounded or acute, nearly symmetric, lateral nerves not visible
or inconspicuous beneatsometimes with minute glands at base of leafleforescence
racemose, racemes solitary, fascicled or aggregated on abbreviated lateral branthkets, 40
mm long (including the peduncle), glabrous. Flowers yellowibite, pedicellate, pedicels
1.5'2 mm long, articulated near or below the middle, withute dark reddish glands at the
base of the pedicels. Calyx 0i2525 mm long, Soothed, glabrous. Petals shortly united
basally, 23 mm long, lineaoblong, glabrous. Stamens free among themselves, slightly
adnate to the corolla basally; filamenib4nmlong; anthers with a deciduous apical gland.
Ovary £ 2 mm long, linear, glabrous. Pods dark brown or redutisivn, 120180 x 20 32

mm, oblong, straight or slightly curved, compressed, obscurely or prominently venose, at

maturity the valves separating ifinahe persistent margins. Seeds £+ 15 x 13 x 3.5 mm.

Representative specimens

Acocks20969(PRE);Burgoyne6618 7647 (PRE);Vorster2128 2129(PRE) see also
Figure 7.14 and 7.15

Distribution: occurs on rocky, dry, wooded hillsidéund inSouth Africa:Mpumalanga

andLimpopo Figure 713).
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Elephantorrhiza praetermissa
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Figure 7.138 Distribution map of E. praetermissan South Africa. This species occurs in

South Africa: Mpumalanga and Limpopo.

Notes This species is sometimes confused \Ethburkeiwhich occurs sympatrically with it

in Sekhukhuneland local centre of floristic endemisim Mpumalangand Limpopowhich

is becoming increasingly threatened by mining activities. The area and ultramafic nature of
the geology is particularly rich in heametals and many plants show adaptations to the soils.
There are no recorded common names for this species, although it might share tb@me of
common namesf E. burkeidue to their superficial similarity in appearanEéephantorrhiza
praetermissas Red Listed as LC (Least Concern) (Raimoetial.2009)
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Figure 7.1 Fruiting specimens ofE. praetermissagrowing in bushvdd areas around

the Steelpoort \alley.
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6. Elephantorrhiza schinziandinter in Feddes Repert. 17: 190 (1921); Bak.f., Leg. Trop.
Afr. 3: 802 (1930); Schreiber in F.S.W.A. 58: 17 (1967); Ross in Bothalia 11: 255 {(1974)
Ross: 148 (1975); Curtis & Mannheimer: 193 (2008annheimer & Curtis (2009

Type: South West Africa, Grootfontein Distr., OtaDinter 745(SAM e, lecto.).

A branched shrulof small tree) up to 2.5 m high; bark gréy dark or reddishbrown;

young branchlets greyr reddish to purplishbrown, glabrous. Leaves glabrous: petiolé 22
35(52) mm longrachis(45)75 145(205) mm long; pinnae (2)61(14) opposite or
subopposite pairs; rhachillaei@®0(140) mm long; leaflets 14(2140 pairs pepinna, (5)7

14 x 1.5 3.5 mm, lineatoblong to oblong, midrib starting in the distal corner of the leaflet
base, gradually becoming almost central in the leaflet, proximal side of the base rounded,
apex rounded and sometimes distinctly mucronate, neariyngtric, lateral nerves scarcely
visible, glabrous, somewhat glaucous. Racemes axillary, solitary or pait&d i7dn long
(including the peduncle), glabrous. Flowers yellowidhte, on pedicels up to 0.75 mm long,
pedicels articulated towards the ap&kh minute yellowish glands at the base of the
pedicels. Calyx cupular, up to 1.5 mm long, glabrous, shottihpthed. Petals shortly united
basally, 33.75 mm long, 1 mm wide, line@blong, inflexed apically, glabrous. Stamens
free among themselvesigiitly adnate to the corolla basally; filaments up to 5 mm long;
anthers up to 0.8 mm long, with a deciduous apical gland. Ovary up to 2.25 mm long,
glabrous. Pods dark brown or reddisiown (150)190300(405) x 3039 mm, straight or
slightly curved, oblog, compressed, umbonate over the seeds, prominently transversely
venose, at maturity the valves separating from the persistent margins, the outer layer of the
podwall peeling off the inner layer, the layers tending to break up irregularly. Seeds

immature mature seeds unknown
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Representative specimens

Dinter 5300(PRE);Giess14791 15158(PRE);Giess & Loutitl4209(PRE) see also Figure
7.17.

Distribution: occurs on dolomitelerived soils in northern Namibi&rootfontein and Otavi

area (Figure 7.5).
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Figure 7.166 Distribution map of E. schinzianain Namibia. This species occurs in

northern Namibia: Grootfontein and Otavi areas.
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Notes This species shasconsiderable leaf variatioifhe only recorded common nagae
otavibasboontji€Afrikaans) andOtavi elephantroot (Curtis & Mannheimer 200z&an Wyk

et al 2011). No Red List assessment for this species has been done. It is a locally common
species although it has a rather restricted distribution in Namibia and it would be expected
be classified in the Least Concern category. Loots (2005Histichinzianas being Data

Deficient.
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Figure 7.170 Type specimenof Elephantorrhiza schinzianainter (Dinter 745 PRE).
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