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ABSTRACT

The relationship between human activity and the environment has created ecological, socio
eoonomic and cultural patterns and feedback mechanisms that govern the presence, distribution and
abundance oplantspecies assemblages. The trade in traditional medicinal plants in South Africa is
estimated to be worth approximately R2.9 billion per yeigin @7 million consumers throughout the
country. Bulbous species compose about 14% of the traded medicinal plant species in South Africa,
however thanajority of research at thepecies or generlevel has concentrated on a limited number

of life forms aml plant parts and the ecological consequences of harvest and use of commonly used
bulb species is poorly known. Et hnoboieathd c al
traditional name that a species may be known by. Spspasfic evidence fathe effects of trade

and harvest is needed to provide more clarity on the implications of trade, especially since increased
commercialisation of medicinal plants has often resulted inloaeresting and, in severe cases, near
extinction of valued indigeous plants. The overall aim of this study was to determine the ecological
consequences, as well as some of the economic implications of harvesting important bulb species for
the regional medicinal plant trade.

Traditional medicinal bulb species are sible to overexploitation because they are destructively
harvested in large quantitieg:our perennial bulbous genera were surveyed: two within the
Amaryllidaceae Boophoneand Crinum) and twoin the Hyacinthaceadpwieaand Drimia). Some
discrepanciesvere noted where traders and traditional healers recognised species that have been
synonymised by taxonomists. In order to understand the impacts of all recognised forms, original
nomenclature was used to describe different bulb fahashad been synomgised. The proposed
6functional t a x 0 n-exaryine thd x@roominrevisiona bymrevioos taxomomists

but rather provides a way to identify forrtisat have no accepted species name. In this way, the
impacts on harvesting of different bulbrfts can be quantifiedased on this functional taxonomy,

the genus nambrginea has been usedlthoughUrgineais currently synonymised und@rimia.
However,this is only to describe the different bulb form and is not meant to replace the current
taxononic nomenclatureSurveys were conducted two national level and two small regional level
markets to determine the impacts of traBlelb characteristics wemescribed and used together with
taxonomic literature to produce a key to bulbous species comrtraded in the markets of South
Africa. Distribution data and other important information were collected and combined to provide
speciesspecific information. Identification based on vegetative characteristics was possible, with
certain features being me useful than others for creating a key. The most useful identification
characteristic was the bulb scale type in the Hyacinthaceae together with bulb shape and colour,
while bulb size was least useful. For the Amaryllidaceae, bulb colour and chariastesisth as

tunics cannot always be used due to similarities between species. However, bulb size and shape are
helpful indicators and can group species into classes of similar species. Leaf characteristics are very
important and may be the only way to a@taly identify some species. The adaptation of taxonomic

St

information and previous keys into more O6vegeta

an identification tool not solely based on ethnospecies name. The ability to identify species will
allow ethnoecologists to provide more comprehensive assessments on the impact of the trade.

The diameter of bulbs sold at Faraday market (Johannesburg), Warwick market (Durban) and smaller
Free Sta markets were recorded for fogenera Bowiea, Boophwoe, Crinum,and Drimia i
including Urginea forms), and the data were used in a variety of ways to determine the effects of
trade.Populations of species of anthropogenic importance should show a corresponding decrease in
the frequency of individuals infige sizeclasses and a decreased number ofdeasses with time.
Sizeclass distributions obrimia delagoensisand Bowiea volubilisfollowed an inverse -§haped

curve, often indicative of a regenerating population (high frequency of small bulbs); mpinetés

case intense harvesting pressure has resulted in a highly skewed population structure. High rates of
harvesting will ultimately result in regeneration failure because smaller bulbs are unable to reach
maturity before harvest. All species studiedded towards smaller mean market bulb diameters over
time. These trends suggest that without appropriate mitigation, bulb populations will be further
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impacted in the futureBulb diameters in the market were also smaller than diameter records
collectedfrom herbarium material and literature recor8®wiea volubilisis the most severely
impacted by the medicinal plant trade, wipproximately 87% of bulbs <4cm in diameter, and
significantly smaller than both bulb diametersnredicinal plantmarkets in2001 (p<0.0001) and
pressed bulbs from several herbaria (p<0.0001). The large bulbed Amaryllidaceae Bpagfeme
distichaand Crinum speciesalso showed a decrease in bulb diameter between the 2001 and 2007
Faraday surveys (by 1.5cm and 2.7cm, respelgd, while Urginea epigegHyacinthaceae) showed

a 1.2cm decrease in mean size in 6 years.

Traditional healers, traders and harvesters can provide a wealth of information on species populations
in the wild. Trader and harvester preferences may affiecinipact of harvesting and trade on wild
populations. Information on trader/harvester preferences and perceptions was gathered from
Warwick and Free State markets. Overall, the average earnings per month per trader selling
medicinal plants were low (apptionately R833 in Warwick and R2,100 in Free State). Bulb species
contributed 1840% of the total earnings per trader at Warwick aneb% in the Free State
markets. The relatively large contributions of bulb species to trader incomes emphasise the
importance of popular bulb species economically and socially. The number of bulbs (equivalent in
size to the mean bulb diameter) harvested annually was large and provides an order of magnitude
estimate of harvesting impacts on medicinal plant species populdfiiomsiumber oDrimia elata
harvested was greatest in the Free State (between 600,000 and 1,400,000 dependent on estimation
method. In Warwick, species sold in the largest quantities wreobusta Crinum species B.

volubilis and U. epigea(approximatéy 400,0001 based on actual volume). The high variability of
number of bulbs harvested between traders suggests that these numbers should be treated with
caution.

The number of populations required and the rate of population regeneration neededino susta
harvesting for the traditional medicine trade is extremely high; and, without mitigating factors, the
increased commercialisation of the medicinal plant industry may have potentially dramatic, negative
implications on popular bulb populations. Socialveys and ethnobotanical work in local markets

are the first steps in understanding patterns of demand for particular plant species, and integrated
with population structure and sizdass distributions, it allows for an amalgamated and complex
awarenessfahe impacts of resource harvesting. With over 30,000 species of animals and plants that
are detrimentally affected by trade worldwide, market surveys are increasingly important to provide
information on the extent of trade. The varied data collectedhig tudy included: sizelass
distributions, temporal changes in bulb diameter, volume and number of bulbs harvested, economic
value and trader perceptions. Overall, the results suggested that all species studied were negatively
impacted by harvesting tearious degrees. In South Africa, harvest and trade is sometimes the only
form of income generation and harvest can threaten species populations. By quantifying the volume,
value and the number of individuals harvested for bulb species, together witivegxbxEarcity and
popularity and place of harvest, a better understanding of the state of the rsmerdeas been
provided. Continued use of market surveys as monitoring tools is important, because in the current
(2011) socieeconomic context of Southféca, trade and harvest is likely to increase.
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GLOSSARY OF TERMS AND ACRONYMS:

Acuminate: Part tapers graglly, often in a concave manner
Apex: The end of a leaf or growing tip of a shoot
Arcuate: shaped or bent like an arc or bow

Bulb: A large bud, with swollen, modified leaves or scales attached to a small, compressed stem that
bears adventitious roots@ food is stored in thickened scale leaves.

Bulb scales Thickened cataphylls or foliage leaf bases (not sheathing)

Bulb Tunics: Sheathindeaf bases

Canaliculate: longitudinally channelled or grooved, especially on leaf stalks and midribs
Cartilagin ous border. the border of the leaf that has tough, slightly whitened ddgesartilage.
Cernuous Drooping or nodding, somewhat inclined as opposed to erect

Ciliate: Marginally fringed with hairs

Clustering: A group of the same or similar elementg(dulbs) gathered or occurring closely together; a
bunch

Conical: Shape related to that of a cone

Conniving: Converging, coming into contact, not fused

Cylindrical : Shape related to that of a cylinder, longer than wide, not tapering inwards
CITES: The Convention on International Trade in Endangered Species of Wild Flora and Fauna
Declinate bending downwards

Dentate toothed with teeth directed outwards

Distichous Arranged in two vertical rows on opposite sides of an axis (e.g. Lealegiztcha)
Ensiform: shaped like a sword

False stem A false stem made of the sheathing bases of leaves

Flaccid: Without rigidity; lax and weak

Glaucous Bluish white;coveredor whitened with a very fine, powdery substance

Imbricate bulbs: bulb scales which are not concentric but loosely or tightly arranged like the petals of a
flower (like garlic).

Inflorescence Flowers borne on modifiedrminal or axillary shoots
Keel: Central ridge along the back of any organ of any plant

KZN : The abbreviation used throughout the dissertation for KwaXatal
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http://glossary.gardenweb.com/glossary/lax
http://glossary.gardenweb.com/glossary/cover

Lanceolate shapedike alancehead;narrowandtaperingto a pointedapex
Margin : An edgeof a flat structure, such adeaf

Midrib : Central, primary or main vein of a leaf

Nodding: Drooping, usually referring to the entirelovescence

NTFPs. Nontimber forest products

Oblong: shapehavinga somewhatlongatedorm with approximatelyparallelsides
Pedicels The stalk of an individual flower in an inflorescence

Peduncle A primaryflower stalk supporting either elusteror asolitaryflower

Perianth: The floral envelope consisting of two outermost whorls. Term usually used when these whorls
are indistinguishable. The parts are then known as tepals.

Pyriform : Having the form of a pear; peahaped

Revolute rolled backwards from mgins or apices

Rosulate: A clusterof leavesthat grows in a circular overlapping pattern

SCD: Sizeclass distributions

SegmentsDivision of perianth (i.e. 1 tepal)

Spreading having a horizontally branching habit (general appearance)
Suberect Ascending towards the edges

Subglobose not quite circular or globular, slightly flattened

Subspreading:less than horizontally branchilggneral appearance

Toothed: Having themarginshallowlydividedinto small,toothlike segments
Tunicate bulbs: numerous tunics which form concentric circles around the bulb (like an onion),
Umbel: An inflorescence with several stalked flowers arising from the sarek le

Umuthi: Herbal or Traditional medicine or plants with cultural or religious functions. These include
medicines, charms, species used for divination etc.

Umuthi markets: Commercial centres of trade in herbal or traditional medicines or plants witinat alr
religious functions

Undulate: With a wavy surface and slightly uneven margin
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CHAPTER 1

Introduction

1. GENERAL INTRODUCTION

1.1. CONSRVATION AND RESOURCE USE

Learning how to deal with uncertainty and adapting to changing conditions brought about by global
change is becoming essential in a world where humanity plays a major role in shaping biospheric
processes from genetic to global scales (Olsedal., 2004). However, successful adaptive responses for
ecosystem management need to be built upon an undéngfaof resource and ecosystem dynamics
(Olssonet al., 2004).The knowledge and values of local communities are now being acknowledged as
valuable in terms of biodiversity conservation (Pretty and Smith, 2004). Hence, there is a need to blend
the biologi@l and social elements of conservation (Pretty and Smith, 2004). Over 30,000 species of
animals and plants are thought to be detrimentally affected by trade worldwide (Abehsnarg2009),

with nonsustainable harvest of resources in many countriesatdming the survival of key species (van
Andel and Havinga, 2008).

Although there is a general expectation that human use of resources will invariably negatively affect
biodiversity (Robinson, 1993; Redford and Richter, 1999), this is not always tlity @fahow
communities harvest resources. Instead, there is a tendency for communities-baresst certain
resources and then shift to another method of momeking (Robinson, 2006). THEICN Sustainable

Use Policy (Resolution 2.29, adopted in 2006fognizes the need to understand the biological
characteristics of natural resources, but focuses more attention on thesmwonic context (Robinson,
2006). Human livelihoods are inextricably linked to the conservation of natural resources and thus
conservation is deemed critical for development. Natural resources are limited and thus development
should meet the needs of the present without compromising the ability of future generations (WCED,
1987; Sharma and Ruud, 2003). The use of wildlife and plzetties in developing countries is more of

an imperative than a choice (Abenspé&rgun, 2009). However, there is growing support for the idea that
humandriven impacts can induce sudden changes in ecosystems (Raalin2010), and understanding
theeffects of human use of resources is vital.

I n South Africa, devel opment has been prioriti:
(Coetzeret al., 2010). Landscape transformation is unavoidable with ongoing population growth and
sociceconomic development(Coetzer et al., 2010). Conservation, therefore, has to evolve to be
politically acceptable and conservation decisions cannot occur in isolation. In addition, humans alter
ecological processes directly and indirectly through land use, managentepolicy decisions regarding
natural resources (Dakt al., 2005). In the United States, food production uses about 50% of the total
land area, 80% of the fresh water and 17% of the fasdienergy used in the country. Land degradation

via removalof vegetation, soil erosion, salinization and soil compaction is also severes(2&l2005).

The promotion of harvesting of many nomber forest products (NTFPSs) is based on the argument that
conservation initiatives must be able to offer localgbeaconomic incentives in order counteract the
threat of more destructive land uses such as logging and cattle ranching or land use for food production
(Ticktin, 2004).

The conditions that are necessary for sustainable harvesting, however, have bbedebiakted (Ticktin,

2004). At the crux of the argument lies a fundamentally important question: what are the ecological
consequences of the harvesting of these resources? In addition, there needs to be an understanding of the
mechanisms underlying the atagical impacts of resource harvesting and an understanding of the
management practices that may mitigate these impacts (Ticktin, 2004). Trade may be an important
driving factor in overexploitation of common species; however, there are fundamental gamgr i
knowledge (Strandby and Olsen, 2008). Researchers need to know how market chains are structured and
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how they operate as well as the drivers of demand in order to understand the full pressures of traditional
medicinal harvesting (Strandby and Olseb0&).

The Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES) aims to
regulate trandboundary trade in species and their derivatives through a system of permits and certificates
as to ensure that trade conforms to phieciples of sustainabilityAbenspergTraun, 2009). However

recent evidence suggests that the legal attributes of CITES have limited capacities to prevent trade and
overharvest, but instead sustainable use of species is best achieved by gaining theosuppal
communities. In a 2008 study Abies guatemalensRedher{Guatemalan Fir), increasing legal supplies
through the decrease of production costs as well as the inclusion of the local community was useful for
in-situ management of the species ré8idby and Olsen, 2008). This once again emphasises the
importance of studying ecological and social systems together (Redrakr2004).

Commonpool resources such as forests, water resources, rangelands and medicinal plants provide a wide
variety of economic benefits to communities in southern Africa. However, there is a need for adaptive
local management systems that enhance the ecological knowledge of users and regulate market structures
to favour longterm livelihood securities (Mutenjet al., 2011). For longterm sustainable harvest to

occur , an under s-histanyddispegsal anfl requipements forssdrvivhl aré reeded so that
local communities can better manage their resources (Dzereébs2009). This is especially important
as |l and use is expanding in the unprotected ar e

Defries, 2007). Despite the high level of protection that fauna and flora receive in protected areas, critical
ecological processes such as fire, fimgdand climate regimes have been altérézhding to some native

species becoming extinct in these areas (Hansen and Defries, 2007). Protected areas do not occur in
isolation and all land areas need to be taken into account.

Human disturbances are vedli and occur at different spatial and temporal scales as well as at different
intensities, creating a network of interactions between resources and resource harvesters that shapes the
natural, cultural and economic mosaic in a heterogeneous landscapee@laniet al.,2007). Without
understanding this cultural and ecological landscape, it becomes increasingly difficult to determine
methods of sustainable harvesting, especially in developing countries. Studies must take into account
factors such as theofitical context as well as economic and ecological implications, in order to be of
value (Giannecchiret al.,2007).

1.2. TRADITIONAL MEDICINAL PLANT USE IN SOUTH AFRICA

Quantitative ethnobotany, (i.e. the enumeration, discovery and evaludtiplant uses by different
societies) (Schultes and Von Reis, 1995)risnaportantform of researchMedicinal plant harvesting is

not only an important activity in southern Africa, but in many areas around the world. The World Health
Organisation estimated thiite 2009 demand for traditional medicine was approximately US$14 million
per year and was estimated to grow to US$5 trillion by 2050 (Bhowtrak,2009). In addition, 25% of
prescription drugs are based on plant derived chemicals (8ahab2010), naking traditional medicinal

plants and the study of their use very important. In the Himalayan area of Sikkim, for example, the
number of wild collected individual plants is highbetween 800,000 and 7,700,000 (data collected for

six popular species froitme area) (Ragt al.,2000). It is therefore important to understand how different
communities influence the ecosystems that they rely on for medicinal plants. Recognising the value of
local knowledge and building on it to produce scientific collaboratiaith local communities is
important for many reasons. For example, it can lead to new insights in species identification, ecological
processes and rational resource management (Abtaig2008).

The commercial harvesting of resources to meet theiigg urban demand is often an environmentally
destructive activity. Norsustainable harvest threatens both the harvested species and the people that
depend on them (van Andel and Havinga, 2008). However, medicinal plants decline not only because of
colledaion, but also due to other factors such as agricultural and/or uncontrolled burning, forest clearing,
aforestation, livestock grazing, and commercial harvesting by large pharmaceutical companies
(Cunningham, 1993).
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Decline in commonly used species le&mlsin ever greater demand for increasingly dwindling resources,
and may lead to the disappearance of favoured and effective species (Cunningham, 1993). The trade in
traditional medicial plants plays an important role in South African communities anlgeietonomy of

the country (Williamset al.,in pres$. Natural resources such as medicinal plants are the most accessible
sources of products and income for economically marginalised people (Meteaje 2011), with
approximately 27 million consumersdaB3,000 traders of medicinal plants in South Africa (Maredex.,

2007). In a study of medicinal plants in the Eastern Cape Province of South Africa, it was found that a
minimum of 166 medicinal plant species were traded, providing approximately 52&stofrplant
material valued at R27 million annually (Dold and Cocks, 2002). Nithege percent of the species
documented were being harvested unsustainably and 34 species were prioritised for conservation
management (Dold and Cocks, 2002). With 80% ddioieal plants harvested leading to the death of the
individual (Manderet al.,2007), medicinal plant harvesting can have enormous negative impacts.

Umuthirefers to herbal or traditional medicioeplants used for cultural or religious purposesugtout

the dissertatiorfWilliams, 1992;Williams, 2003; Williamset al, 2011) whilst umuthimarketsrefers to
commercial centres of trade of herbal and traditional medi@ngdants used for cultural or religious
purposesMedicinal plant surveys can pride numerous insights, including information on the diversity,
prevalence and salience of these commonly traded medicinal plants (Mati and de Boer, 2010). While
surveys can estimate the total traded species richness, some biodiversity may be overlodkiedsand

been argued that species entering a medicinal market represent a shortlist of far greater diversity of
species used in rural areas with the total number of species used being far greater than a survey of a
commercial market will ever capture (Wdltnset al.,2005; Mati and de Boer, 2010).

Despite this, medicinal market surveys in South Africa have provided detailed information (Cunningham,
1988; Mander, 1997; Mander, 1998; Dold and Cocks, 2002; Bxth&, 2004a; Williams, 2003; 2004;
2007). Tkese broatbased surveys provide a starting point for new studies with some researchers now
focussing on species that were previously not identified, for example, the root holop&tgditera
abyssinicaA.Br. (Williams et al., 2011). Population studies oimportant species such as Baobabs
(Adansonia digitatal.) which provides food and medicine and are under increasing pressure due to
increased commercialisation have also been undertaken (Venter and Witkowski, 2010). There is also an
increased focus on getic, ecological and environmental differences of plants harvested from different
localities (Streett al.,2008). Plant age, seasonal variation and geographical deviation in harvest site are
all contributing factors to biological activity and studiesking at these factors have also been conducted
(Taylor and van Staden, 2001; Shalal.,2005; Buwa and van Staden, 2007).

Cultivation is often not a viable option for vulnerable medicinal plants as it is usually not profitable due to
the low market pces paid for species and the relatively slow growth rates of the plants (@o#ha

2007). In South Africa, medicinal plant nurseries have not eased the pressure on wild resources because
in most cases these outreach programmes have not met eithenvatioa or financial objectives (Botha

et al., 2007). Nurseries usually fail because of marketing difficulties, e.g. a lack of markets, nurseries
located far from markets, pricing difficulties, inadequate transport and limited marketing
communications. Inaddition, nurseries have had difficulties obtaining seedlings at prices that the
subsistence sector resource users can afford (Bathh, 2007). With the use of traditional medicines
expected to increase in the near future, the-exploitation of meitinal plant resources is also expected

to increase (Bhowmikt al.,2009).

Urbanisation does not decrease the use of traditional medicine, instead the demand for traditional
medicine is high in urban areas and the supply is met by a network of contrgatieerers who sell to

herb traders and traditional healers in the major cities (Williaingl., 1997; 2001). Commercial
harvesting is more destructive, partially because there often is a breakdown in customary harvesting
practices (Williams,et al., 1997), and the volumes harvested to sustain the demand are enormous.
Moreover, within urbanized areas there are high rates of unemployment, as the formal business sector and
the rural subsistence economy fail to provide jobs to the growing number of jolbss@ékéamset al.,

2000). This together with the fact that traditional medicine is more affordable, accessible and acceptable
than western medicine could have devastating effects on wild populations.
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One challenge facing conservation efforts of medicpiants is the need to reconcile the two previously
opposing and mutually exclusive activities of conservation and natural resource utilisation (Williams,
2003). However, despite the economic context, it must be remembered that the declining supply of
indigenous medicinal plants is likely to generate significant economic welfare losses in addition to a loss
in incomeearning opportunities (Mander, 1997; Mander, 1998; Williams, 2004). In other areas such as
the Himalayas, a decline in medicinal plants ltesuin a ban on the harvesting and trade of vulnerable
species; however, in South Africa, legislation has failed to curb the trade in vulnerable medicinal plants
(Bothaet al.,2004b).

A staggering 2062 plant taxsve been documented in the medicinahptrade in South Africa, with
656recorded in trademany of which are destructively harvested and likely to be threatened by medicinal
plant use \illiams et al, 2013. However, Red Data list assessments of commonly used species are not
easy becauseeticinal species are often widespread (Raimaetda.,2009).0f the 656 traded species,
18.9% are of conservation concern with 8.5% (56) listed as threatened (Critical (C ), Endangered (EN) or
Vulnerable(V)), 4.6% (30) listed as Near Threatened (NT)%=2% (43) listed as declining (Willianet

al., 2013).Raimondoet al. (2009) suggest that conservation policies that are currently used in South
Africa need to be adapted, so that trade in medicinal plants is not indiscriminately banned or limited by
congrvation agencies. Many medicinal species play such a vital role in supporting the livelihoods of
many South Africans that continued use is needed for livelihood protection (Rairabradlo 2009
Williams et al,, 2013.

1.3. ECONOMC IMPLICATIONS OF MEOCINAL PLANT USE

The understanding of the dependence and value of natural resources in the lives of rural communities
throughout the world (Shackleton and Shackleton, 2006) has developed, in part, from the antagonistic
views of development economics anmshservation. Both of these views have guided and enhanced the
use of natural resources as a possible approach to increasing livelihood security and poverty reduction,
thus providing viable incentives for conservation and sustainable use (Shackleton cdet&nha2006).
Attaching market values on natural resources is one means of conserving biodiversity and has become
more popular in the last decade: the proponents of this philosophy encapsulate this in the catch phrase
Ause it or los®H ito (Shackleton, 200

Although resource harvesting is potentially damaging, the alterriatiieich is converting communal

lands to some other land usas potentially even more damaging. Furthermore, if land is changed to
another land use then local households will Havsource these resources elsewhere (Shackleton, 2001).
People in rural households whose income falls below the poverty line are often forced to seek
employment in towns and cities, which then creates strong-uthiah linkages and dependencies
(Williams, 2004). One of the forces driving the expansion of the medicinal plant trade is poverty in rural
households. Harvesting is often a last resort activity, sometimes characterized by local capital or skills
thresholds and participants are often in esaurded markets that offer very low returns for labour
(Williams, 2004).

In South Africa, the use of indigenous medicine is widespread, with value of traded material equivalent to
statesubsidized health programmes (Shackleton, 2001). The annual values dfathé was ca. R2.7
billion per annum in 2007 (Mandet al.,2007), and if the value of traditional medicinal resources was to

be lost to oveexploitation, land transformation or state regulation, then the state would have to allocate
additional resoues to the state health care system. The value attached to direct provisioning is therefore,
in effect, an opportunity cost that should be factored into thebewsdfit analysis of alternative land uses
(Shackleton, 2001) and thus needs to be understopariasf the economic context under which resource
harvestingoccur€ ont ri buti ons of natur al resources to a
over 50% in some settings to less than 20% in others. Thus, understanding the factors tha¢ influenc
resource use can help provide information on economic as well as conservation issues (Shackleton and
Shackleton, 2006).

Traditional conceptualisation of value incorporati® idea of supply and demand, with the value of
resources thought to be detenend by the market place (Straton, 2006). In the Mediterranean region,
however, noftimber forest products (NTFPs) are a source of livelihood and sustainable development.
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Studies showed that NTFPs provide annual benef it
fourth of the total economic value of the forests studied (Croitoru, 2007). In northern Morocco, one
ethnobotanical survey showed that of the 102 speciesdiutis% were widely commercialised and the
income derived from these plants was about US$ 1,826,900 per year and thus an important economic
resource for the region (Hilaly et al., 2003). By explicitly incorporating environmental products in
household inome, studies have determined that in Ethiopia, products from environmental sources
represent a large component of rural livelihoods (second only to crop income) (Bahlja009).

To a certain extent, however, the medicinal plant trade is driverustpmer demand (Williams, 2004).
However, customer demand may change and consequently opportunities become limited and these
activities are likely to be abandoned if options that are more attractive become available. Although
demand related plant scareiidrive up market prices, higher prices paid for certain species encourages
depletion of the resource because of the potentially higher income generated (Williams, 2004). In addition
to this, lower prices act as a stimulus for egellection, as traderfeel the need to ovdrarvest in order

to obtain a reasonable income. Market conditions therefore work againstvinenerent (Williams,

2004). Theruralurban dependency seldom favours the rural centres and it is estimated that much of the
income from Feadayumuthi market, Johannesburg (one of the largest informal medicinal markets in
South Africa), does not reach the rural areas and is instead spent in the city. This leads to increased
reliance on the resources and a continuation of household povéltgr(\s, 2004).

Commercialisation of resources is a growing trend in southern Africa (Shackleton and Shackleton, 2006).
Resource commercialisation presents both opportunities and constraints to poorer households. In most
cases, poor households tend tmdfé more from the commercialisation of NTFPs; however, there is
always a danger that the local elite or external agents may capture the benefits at the expense of the
subsistence users or household level traders (Shackleton and Shackleton, 2006 hdesetends are

often involved in more opportunistic, low skilled and low return activities, with fewer barriers to entry.
Women with fewer sources of income become increasingly reliant on resource harvesting as a method of
income generation, primarily bacse they have no means to leave their family to seek employment
(Shackleton and Shackleton, 2006). Providing economic incentives in terms of income generation from
natural resources may encourage forms of conservation and prevent land use changesitifiattirevul

impact plant populations and communities (Alcorn, 1995).

1.4. ECOLOGICAL IMPLICATIONS OF MEDICINAL PLANT USE

One method for determining the implications of harvest and trade is to look at the market, the harvesters
and the posharvest surviviaof species. In one study in Suriname, of the 249 commercial species, less
than half were harvested exclusively from the wild and increased commercialisation due to urbanisation
did not invariably lead to declining resources (van Andel and Havinga, 20068)kver, the impact of
increased commercialisation on resources is dependent on a number of factors, includiagosmeiuc

factors such as: Jemography of human populatior®y;technological change) economic growth4)

political and social institiions; 5) culture andé) knowledge and information exchange (Redreaml.,

2004). There are also a number of ecological factors that are important.

Plant populations can be driven to extinction if harvesting increases to chase -diménishing yield
(Begonet al., 1986). However, the impacts of harvesting depend on factors such as plant part removed,
the level of harvesting and the efficiency of the gatherers (Williainal,,2007a). For bulbous plants or
smaller herbs and shrubs where the rootsutios are entirely removed, often little sign remains of their
former presence in a locality (Cunningham, 1988; Williashal., in press) and field observations are
usually undesestimates. There is a relationship between the species population sizelameé wf
material available to harvest (Wild and Mutebi, 1996). This relationship is modified by a number of
factors, including species ecology and life history, as well as the growth and reproductive capacity and
how this capacity responds to harvestihpreover, for any one species the range of harvestable
quantities will vary with location, season and plant part harvested. This range can be considered the
margin of vulnerability (Wild and Mutebi, 1996).

Very few (if any) habitats are still pristineh& structure and composition of habitats is altered by a
number of abiotic and biotic factors, of which humans are a key fAteether or not local, national or
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international markets for any particular natural resource will exacerbate or detract fracising

di fficult to predict. However, the assumption t
function is untouched by humans and therefore the idea that we must seek to limit its use is erroneous.
Disturbances like harvesting for the dignal trade often have the effect of altering or determining the
plant population structure. However, the effect of a single disturbance depends on the intensity,
frequency, duration, timing and nature of the disturbance as well as the characterigtespécies

being disturbed (Bothat al., 2004a).Therefore, the relative impacts of each and every resource that is
harvested needs to be considered (Shackleton, 2001).

Ecological sustainability may be assessed by directly measuring the rate of@xtadtcomparing it to

the rate of natural replacement (Bo#taal.,2004b). This may prove to be time consuming and expensive

for species with high longevities. Demographic studies are a cost effective means of providing useful data
on the impact of haesting and other disturbances, contributing to the development of effective
management strategies as well as providing quantitative data to ascertain whether fiotph in
research or monitoring is required (Botbaal., 2004b). Sizeclass distributias allow identification of

poorly represented life history stages and also the stages that are affected by variations in harvesting
intensity (Williams et al., in press). Changes in population structure may also indicate declining
recruitment (Bothaet al, 2004a). However, there are only a few studies in southern Africa that record
assessments of harvesting impacts based oitlsige distributions and plant population sizes.

Medicinal plants are used in a multitude of ways, and this suggests thatmakegieaints should be
evaluated on a case specific basis (Dzerefos and Witkowski, 2001); studies at such a scale give a more
composite understanding of harvesting and resource use in general. It is also important to appreciate the
scale of cultivation requéd to replace harvested stocks as well as to understand the extent of damage to
wild populations (Williams, 2004). While data on the estimated mass of plants harvested annually
informs the magnitude of resource depletion, these data would be of mofehaseviere translated into

the number of individual plants harvested annually (Williams, 2004). In addition, it is still important to
consider the impacts of harvesting on populations as well as landscape levels (Cunningham, 2001).

The paucity of inforration on plant population sizes makes it difficult to judge the annual rate of decline
for a species based on -a#ike for the medicinal trade (Willianet al.,2007a). To deal with such issues,
Williamsetal.( 2007 a) devi siddidual baggvalant®i a contepiowherefyolume traded

(in terms of number of sacks of medicinal bulbs) is equated to an actual humber of bulbs harvested,
equivalent to a certain siZz€he concept of individual equivalextan provide a nuanced understanding of
resouce depletion as it determines an estimate of rthmber of bulbs harvested and traded. The
individual equivalent method provides a starting point for quantifying the annual extent of resource
depletion (Williamset al.,2007a).

2. RATIONALE

Medicinal iumuthd mar ket s are i mportant centres for the
diversity of species on sale is a product of the medley of ethnic groups using traditional medicines from
southern Africa and the customary botanical knowledgeéhefrésource users (Willianet al., 2005).
Examining traditional medicinal markets as centres for the trade in traditional medicinal plants is useful in
that they provide varied and layered information, e.g. the extent, volume and value of trade in certain
common species. This information, taken into context, can provide valuable insight into the impacts and
effects of medicinal plant use on wild populations (Cunningham, 1988; Williams; ¥0iliams and

Wong, 2006 Williams et al,, 2013).

Management andharvesting practices may have positive or negative effects on certain populations.
Therefore, understanding these practices is essential. The effect is mitigated by factors such as intensity
and frequency of harvest and therefore studies that quantifiypsactices may be useful in determining

the full ecological consequences of harvest (Ticktin, 2004). Ethnobotanical information is paramount in
providing an understanding of harvesting impacts of commonly used species; however, studies rarely
combine ethabotanical data with population assessments (Ticktin, 2004). In addition, ecological studies
seldom use ethnobotanical information and studies that combine both provide a more integrated and
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complete assessment of anthropogenic impacts on plant populdtensocial survey method is the first
step in understanding patterns of demand for a particular species (Cunningham, 2001).

Economic alternatives are central aspects for managing many human inhabited ecosystemsefBegossi
al., 2002). The collection aofmany NTFPs can be destructive and understanding the relationship between
the ecological impacts of harvest and the economic contribution of harvested species therefore, becomes
crucial; however, collection of NTERcan stimulate management schemes thatige both ecological

and economic benefits for both the ecosystem and the communities that rely on them (@eglossi

2002). It is widely accepted that natural resources contribute to many livelihoods, however there are
relatively few case studies frosouthern Africa that attempt to determine the value of resources and their
contributions to household livelihood (Shackletord Shackleton, 20p6In many ways, the harvest and
trade of natur al resources, i nelcwohiomy dmd chiadi fali |
uncovered (IIED, 1997). Studies that determine the value of the trade of certain valuable species help
uncover this hidden economy, which can then later indirectly assist the creation of management systems
that protect the gamulations of commonly used species (Campbell and Luckert, 2002).

Although there is enormous variation in plant species harvested, as well as variation in the studies
(worldwide) that look at harvesting impacts on these species, the majority of resetirelpecies or
genericlevel has concentrated on a limited number of life forms and plant parts. It is because of this that
the ecological consequences of lain the broad sensebark, roots, gum and resin extraction is poorly
known (Ticktin, 2004)and studies on the specific impacts of harvesting on these plant parts are vitally
important. Relatively few studies have been conducted on underground storaggltiE<orms and
tubers) however developing sustainable harvest rates for a large aroyghant species of great
importance for food or medicine is a high priority as bulb species are commonly used but are generally
destructively harvested (Cunningham, 20 bulb is a large bud, with swollen, modified leaves or
scales attached to a smalbmpressed stem that bears adventitious roots and food is stored in thickened
scale leaves (Galil, 1980)

The removal of whole plants, roots and bulbs for medicinal purposes totalled 57% of the total plant
material traded on the Witwatersrand ca. 1994¥®8liams et al.,2000)andbulbs made up 14% of the

R2.7 billion trade in South Africa ca. 2007 (Mandral., 2007). Although not explicitly stated, this

refers to bulbsenso strictpas corms and tubers were dealt with separately (Williams,; 208&der et

al., 2007. Harvesting these plant parts may signify the loss of an individual plant, which will then
negatively impact an entire population. Previous studies have found that many bulb species are used
medicinally (Williams, 2007). This together Withe fact that the harvesting of bulbs is often destructive

and there is a dearth of information on the impacts of trade on bulb species sold for medicine, makes the
study of commonly used bulbs of paramount importance.

Variousb ul b 6 et h n erenp speciesekacdvn Ky dhie Baime traditional name) (Hanatraki,

2000) may be impacted differently due wistinct use patterns, volumes harvested, popularity and
population responses to harvestangl therefore the study of the economic and ecologigaications of

their trade is essential. There have been no previous studies of the demand and trade, together with
population structure dynamics undertaken for the medicinal bulb species selected for thik ghidy.
dissertation, all species studiace bulbssenso strictoUnderstanding the effects of the trade in important
medicinal species is the first step to uncovering methods to mitigate and prevent negative ecological
impacts in the future.

3. AIMS AND OBJECTIVES

The overall aim of this stly was to determine ecological consequences, as well as some of the economic
implications of harvesting important bulb species for the regional medicinal plant trade. This was
achieved by acquiring an understanding of the numbers andlasze distributios of harvested and
traded bulb populations in the key medicinal markets of South Africa. In market situations, species
identification is based on the plant part on sale or the traditional name (Hagiaakl2000), In order for

the most detailed inforation possible to be collected at a species level, a species identification key based
on vegetative parts was created. In addition, the volume, value and extent of trade were quantified.
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Adding qualitative indigenous knowledge about the scarcity and hemyessk to populations allowed
for an integrated assessment of the economic and ecological consequences associated with the trade of
key species.

There were three main aims, which are dealt with in separate chapters. Each main aim has a number of
objedives that are listed below.

Chapter 2. An identification key for medicinal market assessments of commonly traded Hyacinthaceae
and Amaryllidaceae bulb species

The main aim of the initial part of the study was to determine the number of species
occurrirg within the ethnospecies groupings studied. Ethnospecies groupings included
species from two genera of the Amaryllidaceae &l from the Hyacinthaceae. Bulb
characteristics were described and used together with taxonomic literature to produce a key
to bulbous species fronfour genera sold in the traditional medicine markets of eastern
South Africa. Taxonomic information and previous kéfrem the literature)were also
adapted to allow for easier identification of commonly used medicinal species. Wistrib

data and other important information are also presented.

Objectives:

1. To produce aidentification key to some commonly used medicinal bulbs from the
Hyacinthaceae and Amaryllidaceae

2. To provide species summaries that include a variety of inform#tiat can be used
in further studies

3. To use herbarium resources to determine pertinent information, e.g. flowering and
fruiting season and geographic range.

Chapter 3:  Size structure of commonly traded bulbs in South African traditional medicine starket
ecological implications

The aim of this part of the study was to establish the ecological consequences of the
harvesting and trade of commonly used bulb species in medicinal plant markets in eastern
parts of South Africa using sizdass distributionfSCD). Additional factors that also
result in variability in bulb size, such as drying over time, different sources of supply and
season of collection were also investigated in order to better understand the ecological
implications.

Objectives:

1. To recad bulb diameters from South African markets to determine bulbctass
distributions for all species studied

2.  To compare bulb sizelass distributions between markets to determine miirkesd
differences between bulb diameters

3. To compare bulb sizelas distributions with data collected in 1995 and 2001 to
ascertain the effects of harvesting over time

4. To compare bulb sizelass structure between bulbs collected from markets and those
collected and pressed as herbarium voucher specimens

5. To use herbariundata to determine the relationship between bulb diameters and the
reproductive status of wild populations

6. To determine the effects of seasonality on bulb diameters traded in South African
medicinal plant markets

7. To determine the relationship between masbsdiameter for bulb species studied

8. To determine the effect of drying on bulb diameter and mass.

Chapter 4:  Volume, economic value and trader perceptions of the trade in commonly traded bulb
species in Warwick market, KwaZuNatal and smaller Free Statarkets, South Africa
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The main aim of this part of the study was to establish the ecological consequences of the
harvest and trade of commonly used bulb species by quantifying the volume and value of
trade in commonly used bulbous species in WarwickkataDurban, and smaller informal

mar kets in the Free State. The number of ¢
bulb species and trader perceptions were also determined.

Objectives:

1. To quantify the volume of trade of each bulbous species th e Warwick
(KwaZulu-Natal) and smaller markets in the Free State

2. To determine the number of individual equivalents of each species to better
understand the effects of trade on harvested populations

3. To quantify the economic value of the trade of commarded bulbous species in
Warwick and smaller markets in the Free State and the proportion that each species
contributes to the total income

4. To determine the relationship between mass and value (R/kg) for commonly used
medicinal bulbs in both Warwick andhaller markets in the Free State.

5.  To determine trader demographics and perceptions of the harvest of trade of
commonly used bulbous species.

6. To establish the ecological implications of harvest and trade by combining trader
information of habitat and gersdrtrader perceptions, geographical distribution of
commonly used species, and the volume, value and number of individual equivalents.

4. MEDICINAL MARKET STUDIES IN SOUTH AFRICA

Cunningham (1988) was one of the first South African scientists to whiomal medicinal markets to
understand the effects of the harvest and trade of medicinal plants. His work in \amwittk market

was reported ifAn investigation of the herbal medicine trade in Natal/Kwadw@lod provided much of

the common methodssad today in medicinal market surveys. Mareteal. (1998) continued to work on

the effects of trade in KwaZulNatal and later Mpumalanga while Botégal. (2000; 2004) also studied

trade in Mpumalanga. In the Eastern Cape region, Dold and Cocks (ga€@g2)inroads on the effects of

trade in medicinal plants in the area. Williagtsal. (1992,1997; 2000; 20072011 has provided the most
comprehensive studies of medicinal plants in the Gauteng area. This dissertation has relied heavily on the
published eports and papers by these authors as they have all contributed to the current knowledge base
of the effects of medicinal plant use on wild populations. While working closely with V.L. Williams, this
study was planned to continue the work on bulbs, orfigiheay col | ect ed for Wil |l i am
2007) . As such, a brief account of Wil liams©éd S
provided below.

In 19, Williams commenced a study omuthishops in the Witwatersrand region, thisdstiwontinued

in 199 and focused on the more formal sector traders operating from shops from around the
Witwatersrand area because the informal market was small and devdMfiilims 1992; 2007)Data
collected from this study wagsed in Williams Honas Dissertation and later PhD ThedResults
indicated that Faradaymuthimarket represented approximately 31% ofuhwuthishop suppliers at that

time. Although a brief investigation of Faraday umuthi market did occur in 1995 (Williams, 2003), the
increasing number of species threatened justified a more comprehensive study of the market. In 2001,
Williams commenced with the Faradaynuthimarket study which was originally published aseport

for the Gauteng Directorate of Nature Conservation (WilliaB@03) although data was used in later
papers €.g. Williams et al., 2007). Data collected for this dissertation occurred in 2007 and was
compared taumuthi shop 1995 andumuthi market 1995 and2001 data collected by Williamst al.

(1997, 2000, 2001; 209. Results from the 1998muthimarket survey are called Faraday 1995 while
results from 2001 Faradaymuthimarketsurvey are called Farad@&p01. Data collected frommmuthi

shops is calledmuthishops 1995.
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5. ETHICS CLEARANCE

Ethics clearance wadtained from the University of the Witwatersrand for all surveys (Ethics clearance
number: HO71116). In all cases, participation was voluntary and verbal consent was obtained once details
of the study had been fully explained.

6. DISSERTATION STRUCTURE

There are five chapters in this dissertation. A synthesis of literature, the rationale for the study and the
aims and objectives for the study are presented in Chapter 1. Chapter 2 presents an identification key and
a detailed summary of the species encenadt during the study, while Chapter 3 focuses ondass
distribution of commonly used bulb species. Change in diameter over time, differences between diameters
in different markets, differences between market diameters and diameters reported ferdahadl]
information of area of harvest together with the effects of drying on bulb diameter and mass are also
reported on in Chapter 3. Data collected from trader interviews were used to determine trader perceptions,
economic implications, volume of tradand estimations of the number of bulbs harvested a year in
Chapter 4, and the ecological impact of trade was discussed. An overall discussion and recommendations
are provided in Chapter 5. This discussion focuses primarily on the ecological implicdttbesmarket

data collected.

Chapters 2, 3 and 4 all present results for this study and have been written separately for intended
submission to peaeviewed journals. Although none of these chapters have been submitted at this point,
it was felt that pesenting the data as freanding chapters would allow for detailed discussion of the
main results. This format, however, has led to some repetition, especially concerning the description of
species and markets. The references have been provided atitbEeach chapter to make them easily
accessible. Appendixes are provided at theddrttie dissertation. Wherever possible, there has been an
attempt to keep repetition to a minimum. Some information from Chapter 2 was used in a recent analysis
of the gegraphical range and identification Birimia cooperi published inBothalia (Crouchet al.,

2010) The publication is provided in Appendix 1.
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CHAPTER 2

An identification key for medicinal market
assessments of commonly traded Hyacinthaceae
and Amaryllidaceae bulb species

ABSTRACT:

Studies on the trade and harvest of medicinal species provide important information on the effects and
implicati ons of resource use. Many ethnobotanical :
one species known by one traditional name or more than one species known by the same traditional
name) because of the absence of reproductive material dwaitalnarket settings for species level
identification. Although necessary in broad scale studies, the use of ethnospecies nomenclature can be
problematic and more clarity on the spegepscific effects of trade and harvest is needed. Although
bulbs makeup a large proportion of the plant material traded in South Africa, there have only been a few
studies on the effects of trade on bulbous species. The identification to species level of sterile bulb
material purchased in the markets can be difficult becafishe paucity of data on vegetative features

that can be used for identification. Furthermore, taxonomic uncertainties concerning some commonly
used species also makes identification difficult. Various species may have different distributions,
population structures and may respond differently to harvesting. Ethnospecies from two genera of the
Amaryllidaceae Boophoneand Crinum) and two from the HyacinthaceaBofvieaand Drimia) were

studied. Some discrepancies were noted where traders and traditaleas hecognised species that have

been synonymised by taxonomists. In order to understand the impacts of all recognised forms, original
nomenclature was used to describe different bulb faitmas had been synonymised. The proposed

6f unct i on ales notamoorexamirde thd axonomic revisions by previous taxonomists but
rather provides a way to identify fornisathave no accepted species name. In this way, the impacts on
harvesting of different bulb forms can be quantified. Bulb characterisges also described and used
together with taxonomic literature to produce a key to bulbous species commonly traded in the markets of
South Africa. Distribution data and other important information were collected and combined to provide
speciesspecific irfformation. Identification based on vegetative characteristics was possible, with certain
features being more useful than others for creating a key. The most useful identification characteristic was
the bulb scale type in the Hyacinthaceae together with hpe and colour, while bulb size was least
useful. For the Amaryllidaceae, bulb colour and characteristics such as tunics cannot always be used due
to similarities between species. However, bulb size and shape are helpful indicators and can greup specie
into classes of similar species. Leaf characteristics are very important and may be the only way to
accurately identify some species. The adaptation of taxonomic information and previous keys into more
6vegetatived friendly tkwith an idersificatign toolwnot dadely based oo e ¢ o
ethnospecies name. The ability to identify species will allow ethnoecologists to provide more
comprehensive assessments on the impact of the trade.

Keywords: Amaryllidaceae; Bulbs; Ethnospecies; Hyacaubae; Key; South Africa; Species
Identification; Traditional Medicine; Vegetative Parts
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1. INTRODUCTION

1.1. IMPORTANCE OF SPECIESPECIFIC IDENTIFICATION IN MEDICINAL
MARKET SURVEYS

It is widely accepted that any study of plants that aims to draw ent#ig literature and/or place new
information into the public domain must use botanical names (the Latin genus and species hame) (Nesbitt
et al., 2010). By using the botanical name, one enables movement of data across languages, scientific
disciplines ad electronic retrieval systems. However, in some disciplines, plants may present challenges
in identification and naming. Firstly, the species may look very similar to other more well known species;
secondly, ethnoecologists in market situations may ndtameed botanists and thirdly, the plant part
available in the market setting may not facilitate easy identification. However, medicinal market studies
can provide detailed information and in order to be accessible to other disciplines, identification and
correct nomenclature is of the utmost importance.

Large surveys of medicinal plant markets in South Africa have provided much information on the volume
and effects of trade of numerous species (Cunningham, 1988; Mander, 1997; Dold and Cocks, 2002;
Bothaet al.,2004; Williams, 2003). In broad scale studies, identification to species level at the market is
often difficult due to the lack of reproductive material available. Ethnobotanists and ethnoecologists,
therefore, have to collect material for idemt#iion purposeswhich can be onerous. The concept of

6et hnospeciesd is sometimes used as a proxy whe
(ReyesGarciaet al.,2006). This can be problematic as in most cases, two or more speciesknidivine

by the same ethnospecies name, which can lead to confusion; in addition, one species may be known by
more than one traditional name (Hanaztkal.,2000; Reyessarciaet al.,2006).

Species making up an ethnospecies grouping may vary greatillgein geographical distribution,
population density, growth rate and population biology (Cunningham, 1988). For example, the Zulu
ethnospecies name f@livia species isiMayimeand applies t€livia caulescen®.A. Dyer,C. gardenia
Hook.,C. miniata(Lindl.) Bosse, an€. nobilisLindl. These species have different distributions and may
respond differently to harvesting (Williams, 2007). The study of differing volumes, economic value and
trader perceptions of individual species is, therefore, very impoitaorder to make these data available

to other researchers, naming each species of the ethnospecies correctly is also extremely important.

The use of traditional or common names is no substitute for botanical identification (Reabj2010).

For examplethe book,The Traditional Food Plants of Keny®aunduet al.,1999), gives approximately

3800 common names, of which 10% are used for two or more species, and 2% for species in different
genera (Nesbitet al, 2010). Although ethnospecigsasel research is invaluable, information of the
speciesspecific effects of trade is still required and thus correct use of botanical homenclature is
necessary. Providing ethnoecologists with tdabkt allow them to identify medicinal plants and obtain
detaled information on the taxonomy together with ethnobotanical information can be very useful.

1.2. FUNCTIONAL TAXONOMY

The characteristics of vegetative plant parts can provide a wealth of infornfaiocean be used by
taxonomists to better understain tsystematics of different taxa. Although bulb characteristics in some
taxa can be variable (Jessop 1977), they can provide very important features for identification. For
example the recognition of the tribe Amaryllideaéofmally Crinae) as a naturalrgup within the
Amaryllidaceaewas first advanced by Traub (1957). One of the key characteristics of the group is the
fibres that appear when bulb tunics are torn and pulled apart (Meerow and Snijman, 2001). Other
morphological features used for identifion and cladistic analysis inclugléhe type of bulb tunics
(fibrous or brittle) as well as information on leaves (Meerow and Snijman, 2001). However, important to
note is that in an ethnobotanical context, the characteristics used by traditional secleodlectors to
differentiate between species are of the utmost importance and these characteristics may differ from those
used by taxonomists.
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For the most part, it appears that traditional healers and medicinal harvesters do not use the same
characeristics as taxonomists. Distinction based on detailed study oetdmle features is not always
practical for traditional harvesters. Firstly, these features are not always available (as harvesting may take
place in winter months where reproductive plpatts are not available). More importantly, there is an
intrinsic difference in objectives of classification. Traditional medicinal harvesters and healers classify
species based on their needs and species are often lumped together if they have siiitel ek,

thus, fine scale identification is not necessary. Taxonomy is a field of science (and major component of
systematics) that encompasses description, identification, nomenclature, and classification (Simpson,
2010). Identification means recogoit of material as the same as or different to another known entity;
nomenclature involves attributing a name to the material and classification involves the proper placement
of the material within the taxonomic system (Sivarajan, 1991). One of the masnoaitaxonomy is to

provide a classification system based on the natural relationships between taxa. Modern taxonomy is
entrusted with the task of 0detection of evol ut
phenomena that allows one to reswuact phylogeny and make important conceptual contributions to
biology (Sivarajan, 1991). This can have implications for the evolutionary history of the species and thus
accuracy is a key objective. Characteristics used for identification by taxonondstaditional healers

and harvesters, therefore, may differ.

To deal with this, ethnobotanists and ethnoecologists often use the concept of ethnospecies where more
than one species can be known by one traditional name or sometimes more than onearane ref
varieties of a single recognised species. 't is
together under the same traditional name, traditional healers and harvesters have sometimes separated one
species into different traditionalkmes, based on factors such as the area it has been collected from and
bulb characteristics. Thi®iowever, can lead to some confusigincethere may be no accepted species

name to refer to these forms. However, if various forms of the same specidsndifeed as different by
traditional healers and harvesters, then they may be subject to dissimilar harvesting pressure and may
react differently to harvesting. Thus from an ethnoecology view it is vital to study the size structure,
volume and value of ea form in order to understand the impacts of trade.

The difference between identification by taxonomists and that by traditional harvesters and healers is
highlighted in the following example. Jessop (1977) synonymigeginea epigeaR.A. Dyer. under

Drimia altissima(L.f.) Ker Gawl. Although, he made mention of the epigeal form of the species which
was known adJ. epigeain the past, he attributed this differences in the bulb structure betiveen
altissimaand the epigeal form to environmental factossitawas not possible to link the difference in

bulbs to morphological characteristics or geographical distribution (Jessop, 1977). The one form of
altissima (U. epiged is epigeal (i . e. found ¢ aoaltissimagis ound:¢
hypogeal (bulbs occurring below ground) (Jackson, 1900). The epigeal form has gregarious bulbs with
loose scales; while the. altissimaform is less prone to clustering and has tight white scales (Obermeyer,
1980). Traders in Warwick (Durban) and Faradah&hnesburg) markets will typically call the epigeal

t y pmHlabeld a nM. altissineaf o rumMahlokolozd or skemaméf eal t hough som
can occur (V.J. Brueton, pers. obs.). These forms also occur in various quantities in assortecnuhrkets

the question arises, how do ethnoecologists quantify the disparate trade if the traditional healers and
harvesters recognise more than one type within a delineated species? In this dissertation, various forms
are defined by visibly contrasting bultisatare known by different traditional names but are classified as
one species and the notion of 6functional taxo
harvesting on thesmontrastingorms.

The concept of 60f unct i aionaid based on ahe ddeey that thenimpactsioks  d
medicinal plant harvesting on different forms of a species need to be understood and thus different forms
need to be 6énamedd to facilitate discussioms. I n
that had been synonymised. This only occurred in the getmia (accepted in the broad sense
discussed by Jessop (1977)). Species with different bulb forms indudsgtissima(L.f.) Ker Gawl.;D.

elata Jacq, andD. delagoensigBaker) Jessaprheseforms were described using their original species
names inUrginea although the genudgrginea has been synonymised wirimia. Table 1 provides
information on ethnospeciesd current nameslttoget
is important to note that the functional taxonomy described here does not attempt to replace the currently
accepted identification of the species. Its purpose is to provide a means to discuss disparate trade (and
associated impacts) eariousbulb fomsthatare recognized as different in medicinal market settings.
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In Chinese Medicine Material (CMM), a focus on quality and efficacy of medicinal material has resulted
in the need fom simple, accurate and convenient method to facilitate farmers, phistsrand the public

in identifying and evaluating CMMs (Zhaa al, 2011). The use of macroscopic identification methods
has been proposed and invohe@samining the gross morphological features of CMMs by observing,
touching, smelling, tasting, and/testing with water or fire. Although, this method does not necessarily
link with taxonomic nomenclature it provides an example of differing methods of identification for
different purposes. Using all available tools at the market, including informatidime oéthnospecies
name, area of collection and evsnw the material is packaged or sold, can provide evidence that will aid
identification. In this study, species summaries aim to aid identification by providing information on how
the species is sold inehmarket, prices, how common it is together with information on its distribution
and traditional name.

1.3. BULB DEFINITIONS

Bulbs seem to have evolved along several lines of evolution (Datdgan 1985). Studies on the core
Liliales (includingCalochortus, Fritillaria, Lilium and Tulina) show evidence of concerted convergence

and phylogenetic niche conservatism, with invasion of open, seasonal habitats accompanied by showy
flowers and winedispersed seeds (Patterson and Givnish, 2002). There lisason to regard bulb
morphology or even the presence of bulbs as being static (Dahdgrah, 1985). Moreover, any
characteristic that provides useful information is important for identification (Stace, 1989).

Bulbs, however, can vary according tal ®onditions and differences in the looseness of the bulb scales
may be related to the extent of walegging of the soil (Jessop, 1977). It was for this reason that
qualitative differences in bulbs used in some taxonomic literature were not includeddop (1977) in

his taxonomic description ddrimia. It is, nevertheless, very important to understand the structure of a
bulb and how that may differ between families. A bulb is defined as a short, often plate like stem bearing
a number of thick, fleshieaves or leaf bases that store water and nutrients (Daldgedn1985). In the
Hyacinthaceae, Speta (1998a) defines bulbs as formed by thickened cataphylls and/or foliage leaf bases.
The scales in adult bulbs are basally vaginate, imbricate or motessrconnate. Bulbs in the
Amaryllidaceae to the contrary are tunicate with numerous sheathing leaf bases or tunics formed in a
concentric circle (Meerow and Snijman, 1998).

Further, the outer bulb scales may be membranous or fleshy with adventititaigoften contractile)
developing from the basal part of the stem or stem plate (Bell and Bryan, 2008). Bulbs occur in most taxa
of the Hyacinthaceae, Alliaceae and Amaryllidaceae and in the LilisesseDahlgren, Calochortaceae

and a few genera of thedaceae. There are two types of bulbs: tunicate bulbs and imbricatefroate

bulbs. A tunicate bulb has numerous tunics which form concentric circles around the bulb (like an onion),
while an imbricate bulb, has bulb scales which are not concentriodsely or tightly arranged like the

petals of a flower (like garlic). The bulb scales can overlap each other either to a small degree or to a
large degree (Sadhu, 1989).

The removal of whole plants, roots and bulbs for medicinal purposes accourb@ddof the total plant
material traded in the Witwatersramonuthi shops ca. 1994/1995 (Williamet al., 2000) and bulbs
contributed approximately 14% of traded medicinal plants in 2007 (Maridar, 2007). Species from

the Amaryllidaceae and Hyacintteae compose a high proportion of the bulbous species on sale in the
medicinal plant markets (Cunningham, 1988; Williamhsl.,2001). The identification of sterile bulbous
material (i.e. without flowers) purchased from the markets is often difficultadtiee paucity of literature

on vegetative features that can assist with identifying plants to species level (Rejmanek and Brewer,
2001), the lack of diagnostic features on the bulbous material (Arroyo and Cutler, 1984; Jessop, 1977)
and taxonomic uncertaly with some of the traded bulb species (Fangan and Nordal, 1993; Jessop, 1975;
Jessop, 1977; Manning and Goldblatt, 2003; Meearbal. 1999; Stedje, 2001; Pfosser and Speta, 1999).

Two genera in the Amaryllidaceae and two in the Hyacinthaceae famit/ athosen for this study (Table

1D.AI I of the species studied had bul bs. Previous
genera fall in the medium or higher conservation priority lists and are therefore at risk due to factors such
as habit specificity, endemism or plant part used (Williams, 2007). However, the sppeigéc effects
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of the harvest and trade of most bulbs for medicinal purposes are not known. In addition, bulb
characteristics within these ethnospecies groups differ madkgior to a large degree and the
construction of an identification key for these bulbs will improve species identification in medicinal
market assessments. It is important to note thiginea has been synonymised und&rimia. Although

the genus namidrgineahas been used, this is only to describe the different bulb form and is not meant to
replace the current taxonomic nomenclature.

Table 1: Ethnospecies, taxonomic and functional nomenclature of species studied (note in sesnfimetional and official
nomenclature do not differ) (SourckCunningham, 19882 Hutchingset al., 1996; % Mander, 1997# Diederichs, 20015
Williams et al.,2001;® Germishuizen and Meyer, 2003Williams, 2007;8 V.J. Brueton, pers. obs)ote: ethnospecies names

that are underlined were most often used by tradéasnes highlighted in grey are no longer accepted but have been used in this
dissertation to describe different bulb forms.

Nomenclature Consavation
— .
Family Genus Functional Curre_nt Ethnospecies nomenclature priority
Botanical
iNcothg Incoto, Ngoto;
Boophone  B. disticha(L.f.) Herb. Ngubozohlonya, incotho,
incwadi (Zulu)* 25
C. acauleBaker;C. bulbispermunfBurm.f.)
. Milne-Redh. and Schweélic, C. buphanoides .
Amaryllidaceae Welw. ex BakerC. campanulaturkierb; Mduze Umduze, umNduze, Medium
Crinum C. graminicolal.Verd.; C. lineareL.f,; umbDuzi
C. lugardiaeN.E. Br;; C. macowaniBaker, (Zuluy*2®
C. mooreiHook.f.; C. paludosuni.Verd.;
C. stuhlmanniBaker
. o iGibisila, iguleni, ugibisisila
Bowiea B. volubilisHarv. ex. Hook. f. Zuly) 235
isiKlenama,Mahlokoloza
- sekanama, skanama,
D. altissima(L.f) Ker Gawl uMahlogolosi, umHlabelo,
White skenam& ®
D. cooperi(Baker)Baker uMahlogolos?
) D. delagoensi¢Baker) Jessop isiklenama, ndongwana )
Hyacinthaceae o zimbomvanaindongana High
Drimia D. elataJacq. : zibomvanaumgumba
D. robustaBaker  D. elataJacq. sekanamaskanama
: unDongananzibomvana, (Zulu
D. sanguinegSchire.) Jessop 1235

U. epigeaR.A. D. altissima(L.f.) Ker umHlabelg umahlokolozi,
T . Gawl. umgulube, inguduza

U. lydenburgensis D. delagoensi¢Baker) . . ! ’ 5.8
RA. Dyer | Jessop isiklenama uMahlogolosi

The creation of identification keys for bullssnot common and the use of these keys may require more
training as the terminology for some vegetative characters can be vast and unfamiliar to people who are
not taxonomists (Rejmanek and Brewer, 2001). Species or genus level identification of mptiintisa
based on vegetative characters may only be feasible for families where the species have been well
described and for plant groups in which the taxonomy is well understood (Rejmanek and Brewer, 2001).
However, although the taxonomy of some specigsinvthe Hyacinthaceae and Amaryllidaceae may be

debated, a key to medicinal bulbous species (which are sold in the markets) based on vegetative
characters is useful in terms of understanding impacts of trade at species level.

The overall aim of this ady was to produce a key to commonly used bulb species in traditional
medicinal markets in eastern South Africa. Bulbous characteristics and taxonomic literature were used to
describe five genera from the Hyacinthaceae and Amaryllidaceae. Distributioandatdher important
information are also presented, and the number of different types of species occurring within ethnospecies
groupings was determined.

Objectives:

1. To construct an identification key to some commonly used medicinal bulbs from the
Hyacinhaceae and Amaryllidaceae
2. To provide species summaries that include a variety of information that can be used in further

studies
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3. To use herbarium data to determine flowering and fruiting season and geographic range of
commonly used medicinal bulbs.

2. METHODS
2.1. STUDY SITE DESCRIPTIONS

Two national level and three regional markets were visited in four provinces in South Africa (Map 1).
Warwick is the largest traditional medicine market in southern Africa and is located at Warwick Junction
in Durban KwaZuluw-Natal (Chazan 2005). The Faraday market is second in size and is located in central
Johannesburg, Gauteng (Williares al., 2005). In Nelspruit, Mpumalanga (Botle al., 2004), and
Bloemfontein and Phutaditjhaba, Free State, (P. Zietsman,qoensn.) there are no dedicated full time
herbal medicine markets. In the latter, operators trade on pavements while in Nelspruit traders are found
at pension payput points as well as on pavements (Mander, 1997; Batak, 2004).

,Phthaditihaba

L]
Bloemfontein

Map 1: Map of South Africa showing regional and national level traditional markets visited between April 2007 and March 2008

The ethnicity and gender of the traders are different in the five markets (Table 2). Detailed demographics
for Nelspruit marketsra not available; however the majority of traders in 1997 were men (Bbtilg
2004). The area is known to be culturally diverse and traders are likely to be Tsonga, Pedi or Swazi
(Mander, 1997; Bothat al., 2004). Use patterns in the different parfstiee country may vary (V.L.

Williams, pers. comm.), and may be related to differing distributions of species making up an
ethnospecies (Map 1).

Table 2: Differences in ethnicity, age, gender and healer status of traders inyFaMatavick and selected Free State markets,
South Africa (SourcesWilliams et al.,2006;?Williams, 2003;*Williams and Wong, 2006%.J. Brueton, pers. abs.).

Faraday, 200% 2 Faraday, 2006 Warwick, 2006" 3 Warwick, 2008" Free State2008*
(N=26) (%) (N=30) (%) (N=46) (%) (N=31) (%) (N=14) (%)
Ethnicity
Xhosa 7 16
Zulu 96 100 89 84 9
Sotho 82
Swazi 4 2 9
Mozambican 2
Age profile
<25 years 17
26-30 years 17 27 3 26
31-40 years 34 30 27 42 27
41-50 years 15 40 37 13 9
51-60 years 10 3 13 10 55
>60 years 6 20 10 9
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Faraday, 2001 2 Faraday, 2006 Warwick, 2006" 3 Warwick, 2008* Free State2008*

(N=26) (%) (N=30) (%) (N=46) (%) (N=31) (%) (N=14) (%)
Gender
Male 57 28 43 13 45
Female 43 72 57 87 55
Healer Status
Not healer 54 97 d.n.a 90 27
Traditional Healer 46 3% d.n.a 10 73

2.2. BULB SAMPLES

Medicinal plant markets in four provinces were viditeetween April 2007 and March 2008 and, where
possible, at least ten samples of each species were purchased. All bulb samples were labelled and
diameter and mass was determined using a pair of electronic digital callipEs®n{dn, accurate to
0.01mm) anda BEL engineeringhalance (accurate to 0.01g) respectively. All bulbs were photographed
with a Fugifilm 5500 digital camera with a 55mm lens. Bulbs were then placed into one of two growing
treatments to aid in later identification: (1) bulbs planted éngleenhouse, or (2) planted in an outside
garden (Table 3). Bulb characteristics were noted and photographs were taken.

Table 3: Description of the soil used, light exposure and watering regime for the two bulb growing treatments.

Treatment Treatment Soil mixture Exposure Watering
number description

1 Greenhouse 1:1 potting soil and coarse grained sand Full sun 1 x week
2 Outside garden 1:1 Garden soil and perlite Partial sun 1 x week

Bulb specimens were planted between Julp72@nd April 2008 and left to grow until leaf or
reproductive material was available. The time taken for bulbs to produce leaves or become reproductive
differed. Specimens remained planted for a minimum of 2 months and maximum of 18 months so that all
spedmens had the necessary time to produce material that could be used for identification. During this
period, the bulbs were observed once a week and any new growth was noted and photographed.
Reproductive parts together with bulbous material pressed arahemspecimens were lodged at the

C.E. Moss Herbarium (J) at the University of the Witwatersrand.

The species names, coll ectord6s names, dates of
voucher specimens collected are provided in Table 4 below.

Table 4: Collection details for Voucher Specimens

Herbarium Date of
Family Genus Species Names Collectors Names Accession Collection
numbers

Boophone  Boophone disticha V Brueton 22 - 7 Nov 2008

Amaryllidacea Crinum bulbspermum V Brueton, V Williams, N Crouch 23 095894 7 Nov 2008
e Crinum C. buphanoides V Brueton, V Williams, N Crouch 3 095886 7 Nov 2008
C. delagoense V Brueton, V Williams, N Crouch 15 095892 7 Nov 2008

Bowiea Bowiea volubilis V Brueton 27 095905 7 Nov 2008

Drimia. elata V Brueton 18 - 7 Nov 2008

Hyacinthaceae . D. robustg V Brueton 9 _ - 7 Nov 2008
Drimia D. sanguinea V Brueton, V Williams, N Crouch 5 095888 7 Nov 2008

Urginea delagoense V Brueton 14 - 7 Nov 2008

D. altissima (U. epigeform) V Brueon, V Williams, N Crouch 1 095884 7 Nov 2008

2.3. HABITAT PREFERENCE AND DISTRIBUTIONS

Data on habitat, flowering and fruiting season, distribution, species descriptions and bulb dimensions
were obtained from thirteen herbaria from around Gauteng, Mponge Limpopo, KwaZuhNatal,

Eastern Cape and the Free State, between March and September 2008 (Table 5). Pressed bulb material
was used t o di fferentdédfadremshbet avrece n s yen dimymipeed e s
nomenclature was used for specthat had been recently sunk into broader new delimitations. Data were
sometimes sent electronically by herbaria, and hence pressed herbarium specimens were not always
directly accessed. The current identification of the pressed herbarium sample wesethen
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Table 5: Herbarium name and location

Herbarium

Abbreviations Herbarium Name Herbarium Location

BNRHS Herbarium, Buffelskloof Nature Reserve Buffelskloof Nature Reserve, Mpumalanga

CPF Donald Killick Herbarium KZN Nature @nservation Service, Pietermaritzburg, KwazNatal
GLOW Herbarium, Lowveld Botanical Garden  Lowveld Botanical Garden, Nelspruit, Mpumalanga

GRA Selmar Schonland Herbarium Albany Museum, Grahamstown, Eastern Cape

J C.E. Moss Herbarium University of tre Witwatersrand, Johannesburg, Gauteng

KEI Herbarium, Walter Sisulu University Walter Sisulu University, Umtata, Eastern Cape

KNP Skukuza Herbarium Skukuza, Kruger National Park, Mpumalanga

LYD Herbarium, Mpumalanga Parks Board Mpumalanga Tourism andafks Agency (MPTA), Lydenburg, Mpumalanga
NH KwaZulu-Natal Herbarium, SANBI SANBI, Durban, KwaZuleNatal

NMB Herbarium, National Museum National Museum, Bloemfontein, Free State

PRE National Herbarium SANBI, Pretoria, Gauteng

PRU H.G.W.J Schweickerd#erbarium University of Pretoria, Pretoria, Gauteng

ZPB Herbarium Zoutpansbergensis Louis Trichardt, Limpopo

2.4. KEY TO SPECIES

Data collected on internal and external macroscopic bulb characters, traditional names and species
appearance in the markets used to create a key to the bulb species studied. However, in some species,
bulb characteristics can only assist with identification to a certain level. Taxonomic retsitinslude

details on both leaf and reproductive part characters were tileseduin order to assist with these
identi fications so that in all cases, species an
species) identifications were possible. Various keys were reviewed in order to obtain the best possible
format (von Breitenbach, 1967; Bruce, 1979; Low, 1983; Beyers, 2001). In order to support the use of the
key, a glossary of terms is provided in ChapteStearn (1980) was consulted to obtain the correct
botanical terminologyin addition, for simplicity andlarity, the simplest possible descriptions and terms

are used and data such as the traditional name and market occurrence are used to describe species. Bull
photos are included in Plates 1 and 2.

2.5. SPECIES OVERVIEW

Internal and external macroscopiesgdriptions, geographical distribution, flowering season and market
descriptions of all the species encountered in the medicinal markets are summarised to aitbgplecies
assessments. Due to taxonomic uncertainty, infraspecific taxa (including subspéities provided
although not all subspecies have been noted in the markets. Data was collected from published literature,
herbarium specimen sheets and markets. Statistica 6 was used for data analysis (Stats2ii2)984
Although bulbs are not oftgoressed, a wealth of information can be obtained from herbarium specimens
(Hildreth et al.,2007). Synonyms are taken from Germishuizen and Meyer (2003) as well as The Plant
List Databasewhich combines multiple checklist datasets from the Royal BotanideBs, Kew and
Missouri Botanical Gardenwfvw.theplantlist.oryy and medicinal uses of all species encountered are
provided in the Appendix 1.

3. ABULB IDENTIFICATION KEY AND SPECIES DESCRIPTIONS

3.1. KEY TO BJLB IDENTIFICATION

Key 1. Dichotomous key to the families of commonly traded bulb species in South African medicinal
plant markets

a.) Bulb tunics absent or when present do not produce extensible threi Hyacinthaceaé Key 2
fibres when pulled apart, membranous

b.) Bulb tunics with extensible fibres or threads present when the tunic Amaryllidaceag Key 3
broken and pulled apart, bulb tunics fibrous. and Key 4
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Key 2: Dichotomous key to some of the commonly traded bulb species of the Hyacintha&agh
African medicinal plant markets

1) Bulb tunics present B. volubilis pg:38
Bulb tunics absent >
2.) Bulb scales tightly imbricate, difficult to pull apart, bulbs not often
clustering or if clustering with only two daughter bulbs 3.
Bulb scalesdosely imbricate, easy to pull apart, bulbs often cluster
with more than two daughter bulbs 4,
3) Bulb scales red to pink, or 5

Bulb scales cream D. altissima pg#3

4.) Bulb scales thick and rough; basal stem long U. epigea pgd4

Bulb scales fleshgnd smooth; basal stem absent D. delagoensis pai8

5) Bulb, red to red green and fleshy

Bulb, peach to pink and compact D. cooperi pgi9

6.) Bulb ovoid

D. robustapg 46
Bulb pyriform 7
7) Bulb scales about half the length of the bulb, encirclindthie U. lydenburgensis pg9
Bulb scales as long as the bulb 8.
8.) Bulb neck narrow, widest diameter of the bulb is about 5cm
D. elata pg46
Bulb neck broad, widest diametarbulb up to 10 cm D. sanguinegg40

Key 3: Dichotomous key to some of tlttemmonly traded bulb species of the Amaryllidaceae in South
African medicinal plant markets

1) Bulb globose to subglobose; neck varying in length 2.
Bulb ovoid, without distinct neck region Boophone distichpg.51
2) Leaf tips exit bulb in concentricrcles, except itCrinum buphanoides Key 4. Crinumspecies)
Leaf tips exit bulb in two opposite rows Brunsvigiaspecies

Scm
Bowiea volubiligpg. 38
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Sem Scm

Drimia elatapg. 46 Drimia robustapg 46

5cm

5cm

Drimia delagoensipg. 48

5cm
Drimia cooperipg. 49 Drimia sanguinegg. 40

Scm

Urginea epigegg.44 Drimia altissimapg.43
Plate 1: Bowieg Drimia, andUrgineabulbs (page numbers of species descriptions are also included)
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3.2.CRINUMBULB DIAGNOSTIC CHARACTERS

Similarities between species make vegetative identification difficult within the genmusm Bulb neck
characters, however, are helpful diagnostic characters withi@rthem species traded in the market and

can be used to group ses into clusters (Table 6). Traders and harvesters do not discriminate between
Crinumspp. and instead the species occurring in the markets are a product of opportunistic harvesting of
populationghatoccur in close proximity to settlements. TherefaleCrinumspp. can potentially occur

in market settings and the cluster of species in Table 6 does not only focus on known meédiaimal
species. I'n addit i awkduzét hree f eetr GZimwonsopd Bciosvégla Howaviere 6
only five speaes ofCrinumwere positively identified from market samples, so Key 4 only includes these
species.

Table 6: Clusters of species within the genu€rinum, based on bulb characters (Adapted from Verdoon, 1973).

Group 1 Group 2 Group3 Group 4

Small bulbs (up to 10cm ir Bulb varying in size (up to 15cn Bulbs varying in size (up tc Bulbs large (up to 22cm ir
diameter), narrowed intc in diameter), narrowed graduall 25cm in diamedr), subglobose, diameter) and globose, abrupt

relatively long neck (#l4cm towards apex (not produced into narrowing into a long neck narrowing into a thick neck o
long) distinct neck) varying length

C. campanulatum C. variabile C. paludosum C. buphanoides

C. acaule C. bulbispermum C. moorei C. crassicaule

C. lineare C. macowanii C. graminicola

C. lugardiae C. stuhlmannii

C. minimum

Key 4: Key to species of Crinum encountered in markets based on leaf and bulb characters (Adapted
from Verdoorn, 1973)

1) Leaves distichous Crinum buphanoidepg.53
Leaws rosulate 2.
2) False stem present, formed by leaves sheathing at base 3.

False stem absent
4.
3) Leaf margins cartilaginous; leaves flaccid and arcuate; new leaves w Crinum bulbispermurpg. 58
in centre, without obvious parallel venation
Leaf margins non cartilaginous and smooth;f Jemsiform, with obvious Crinum moorepg.55
parallel venation

4) Leaf margins cartilaginous; leaves canaliculate and slightly to strc Crinum macowanipg. 3
undulate
Leaf margins ciliate; leaves broad andesgling, not undulate Crinum stuhlmannisubsp.

delagoens@g.56

Boophone distichag. 51 Crinum buphanoidepg.53
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Crinum bulbispermumg. 58

Sem

Crinum macowanipg.50 Crinum stuhlmannisubspdelagoens@g 56

Plate 2: BoophoneandCrinumbulbs (page numbers of species descriptions are also included)

3.3.SPECIES SUMMARIES: HYACINTHACEAE
3.3.1.Bowiea volubilisHarv. ex Hook. f. subswolubilis

Bowiea volubilisHarv. ex Hook.fis a membr of the Hyacinthaceae (Hooker; 1867). It is closely related

to the Urginea, Drimia, Rhadamanthus, Litanthus, Thuranthos, Urgineopsis Schizobasiggenera
(Jessop, 1975) and is defined by long lived flowers, free tepals, persistent perianth and batiaimg,
branched and fleshy inflorescence (Manning and Goldblatt, 2003). Batieaand Schizobasigiffer

from any other South African members of the Hyacinthaceae in that they lack foliage leaves in the mature
plant and have a branched aerial stem (Je48x%b).

Synonym Vernacular names:

BowieakilimandscharicaMildbr Zulu: Gibisile, uGibisila (Williams et al., 2001) uguleni,
Red list status ugibisisila (Hutchingset al., 1996) iGibisila (Botha et al.,
VU A2ad 2004)

Macroscopic description

External:

The species is recognizable by its fleshy, green, much branched and climbing peduncles that can reach
0.5'2m in length. The mature plant does not have leaves and instead photosynthegitatakasthe
inflorescence (Jessop, 1975). Bracts are spurred and the pedicels are solitary and up to 100mm long.
Flowers are white, green or yellowish green, with fleshy, spreading or reflexed, mostly free, narrowly
lanceolate perianth segments (Jes&8@h).

Bulb: internal and external

Bulbs can reach up to 15cm in diameter (Jessop, 1975); however, in South African markets they are
generally very small (ca. 2cm in diameter). Bulbs are subglobose or depressed globose with fleshy cream
to sometimes greebulb tunics (Speta, 1998). Often the outer edge of the bulb tunic is truncated, forming
terraces around the bulb. There is no bulb neck, however, occasionally the base plate is slightly projected
out of the base of the bulb. The roontractile roots arattached to this plate. Internally, bulbs have an
6oniondé | ike appearance and are wuswually cream wi
is small and extends less than one third into the bulb.
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Occurrence at medicinal narkets
Bulbs werecommonly traded in the KZN (Cunningham, 1988) and Faraday (Willi@mng)., 2001)

markets; however, in Warwick in 2008 there were only a few traders selling this species. The bulbs are
infrequently traded in the Free State markets and have been recordBdshbuckridge area,
Mpumalanga (Mander, 1997). No bulbs were observed in Nelspruit. Small bulbs are commonly traded in
6oniondé sachets with approximately 50 bulbs per
however, these are not in satshend instead are found drgion sacks in front of stalls.

Geographical distribution and flowering and fruiting season

Bowiea volubilisflowers all year round, however the highest flowering frequency occurs in the hot
summer months (December, Januangl &ebruary) (Figure 1). Fruiting occurs over the same period,
although at lower frequencies. No inflorescences have been observed in the market so flowering time may
not be useful in market settings alone. However, market samples flower prolificaliynieéglsoon after
purchase (independent of planting time); therefore, the ability to flower year round can aid identification

of market specimens.
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Figure 1: Flowering and fruiting frequency (number) recorded from herbarium collections for Bowiea volubilis

Map 2: Distribution data foBowiea volubilisn South Africa (note that only the distribution within South Africa was mapped)

The species has a relatively large distribufigiap 2); however, the concentration of localities around the
highly populated KZN and Gauteng regions may have negative impacts for this species. The species is
known to be locally extinct in some areas of KZN already (Cunningham, 1988).

3.3.2. TheDrimia Jacq ex Willd. UrgineaSteinh. Complex
The genusDrimia belongs to the Hyacinthaceae family, which currently comprises ca. 1,000 species
distributed roughly into 70 genera (Speta 1998a, 1998b). Jacquin recognised thergarauand placed
four speies within it based on the presence of conspicuously reflexed perianth segments (Jessop, 1977);
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however, the name was only validated in 1799 (Willdenow, 1799; Jessop, 1977). In 1808, problems were
encountered in separating species with spreading pesagtents from those with reflexed perianth
segments when Thunberg transferfedhericum(with spreading segments) Brimia (reflexed perianth
segments) (Jessop, 1977), this later led to the creatidhigiiea Steinh., which was used for species

with spreading perianth segments and included species from Europe and South Africa (Jessop, 1977).
Baker (1897) placed 22 species witlidnimia Jacq. and 27 species withirginea Steinh. (13 and 25
respectively, which he had described himself) (Jesk®{y).

More recent work, however, has not found justification for such splitting with Jessop (1977) reducing
Urgineato synonymy undebrimia. The principal differences between the genera: the degree of fusion
of the perianth; the tendency for the stamens to lmigent in Drimia and the reflexed perianth in
Drimia showed considerable overlap. Stedje (1987; 1996; 1998) and Manning and Goldblatt (2003) have
also taken this conservative approach and the broad circumscription of the Q@mig,seems to be
favoured

In this broad sens&rimia is well defined bya shortlived flowers with the tepals approximately united

at the base. Each flower lasts a single day or less and the perianth is caducous, abscising at the base tc
wither as a cap on the developing capsDrimia in this sense is a sister cladeBowieg the remaining

genus in the subfamily, Urgineoideae (Manning and Goldblatt, 2003). The broad deline&romiafis
acceptable, however species descriptions within the genera have often not takecconiat a&ulb
morphology and formation and in order to discriminate between bulb forms, original nomenclature has
been used (often within the gerusyinea).

3.3.3.Drimia sanguinedSchinz) Jessop

Drimia sanguineais well accepted and recognised by itse&rlanceolate leaves, cylindric raceme
(approximately 17cm long) with numerous white (with brown keel) flowers and a globose, scaly wine red
bulb (Dyer, 1942b; Jessop, 1977)

Synonyms Vernacular names:

Sekanama burkei(Baker) Speta Sekanama sanguine isiKlenama uMahlogolosi(Zulu); sekanamaskanamgSotho)
(Schinz) SpetaUrginea burkeiBaker, Urginea rautanenii (Diederichs, 2001; Williamst al.,2001)

Baker, Urginea sanguine&chinz

Red list status

NT A2d

Macroscopic description

External:

D. sarguineais a bulbous herb with hysteranthous leaves which are ca. 25cm long and 1cm broad, and
linearlanceolate in shape (Dyer, 1977). Numerous white flowers are borne on a cylindrical raceme. The
perianth is ca. 1cm long, oblot@nceolate and white wita brown dorsal stripe or keel (Dyer, 1942b).
Additionally the stamens are white and the anthers yellow (Dyer, 1977).

Bulb: internal and external

Bulbs are betweeni@cm long and ca. 7cm in diameter (Philips, 1924; Jessop, 1977). The average
diameter in lhe market is between 7 and 8cm (V.J. Brueton, pers). diiee bulb has tightly imbricated

bulb scales which are distinctly wine red and wk
a woody base plate, often with fleshy roots attachedbBuabn cause great irritation and a burning
sensation when rubbed on skin. Internally, bulbs are wine red; however, the innermost and new bulb
scales are cream and gradually become darker with age.

Occurrence at medicinal markets

Bulbs are very common iRaraday, occasional in some of the Free State informal stalls and infrequent in
Warwick. No bulbs were seen in Nelspruit; however, bulbs have been recorded in the Bushbuckridge area
(Mander, 1997). In Faraday (where common), the bulbs are found in laois sind approximatelyi 8

bulbs are purchased at one time. In Warwick and the Free State markets, howevVerpatbslare sold

at a time and the volume on sale is small.
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Geographical distribution and flowering and fruiting season

The flowering seasonf D. sanguineaappears to be narrow, occurring mainly between September and
November (Figure 2). This species is known to be highly poisonous and prolific (Bullock, 1952). Due to
the fact that the species rislatively common, collection intensity may lokecreased as collectors were
able to identify the species and foother specimengere required.
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Figure 2: Flowering and fruiting frequency (number of records) recorded from Herbarium colldctid$mia sanguinea

Map 3: Distribution data foDrimia sanguinea

The species is distributed across the northern reaches of the country and is quite common in the Gauteng
region (Map 3). This distribution likely contributes to thigh volume of bulbs found at Faraday market,
Johannesburg.

3.3.4.Drimia altissima(L.f.) Ker Gawl. andUrginea epigeaR.A. Dyer

The current accepted nomenclature for both the epigeal and hypogeal bulb Brimigsaltissima (L.f)

Ker Gawl. In orderto ensure the etevant taxonomic informatioms provided, all synonyms and
vernacular names related to the current accepted name is provided below. Separate sections are then
provided for the hypogeal typ® (altissima)and the epigeal formUgginea epges).

Synonyms Vernacular names:

Drimia barteri Baker; Drimia paolii Chiov.; Drimia isiKlenama Mahlokoloza sekanama skanama
uitenhagensisEckl.; Idothea altissima(L.f.) Kuntze; Idothea uMahlogolosj umHIlabelg White skenamd.ukhovo (Swati),
barteri (Baker) Kuntze; Ornithogalum altissimum L.f.; UmHIabelg umahlokolozi, umgulube, inguduzajKlenama
Ornithogalum giganteumJacq.; Scilla micrantha A.Rich.; uMahlogolosi(Zulu)

Urginavia altissma (L.f.) Speta;Urginavia epigea(R.A.Dyer) (Cunningham, 1988; Williamet al.,2001;)
Speta;Urginavia micrantha(A.Rich.) SpetalUrginea altissima

(L.f) Baker; Urginea brevipes Baker; Urginea epigea

R.A.Dyer;Urginea micranthgA.Rich.) Solms*

Red list status

LC-Declining

*Please note that all known synonyfmsm The Plant ListWww.theplantlist.ory are provided even in the case where the synonym it is referring

to the epigeal form.
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Flowering frequency in herbarium records

At the species level, there is much taxonomic confusion bet®deria altissima(L.f.) Ker Gawl. and

the species described by Dyer ldiginea epigeaR.A. Dyer, as some considér. epigea(reduced to
synonymy undeb. altissimg to be a separate species (Dyer, 1947; Obermeyer, 1980; Koortetradlly

2005a). Initially, it was separatdrom Drimia altissima[then Urginea altissima(L.f) Baker)] by Dyer

(1947) based on its less dense inflorescence and epigeal, large and fleshy bulbs. When Jessop (1977)
synonymisedJrginea underDrimia, special mention was made Df altissimaand the ejgeal form of

the species which was known dgginea epigedn the past: specifically, differences in the bulb structure
betweerD. altissimaand the epigeal form wesdtributed to environmental factors as it was not possible

to link the difference in bbk to morphological characteristics or geographical distribution (Jessop, 1977).

Factors suggested as contributing to the misunderstanding regBrdittigssimaand the epigeal formy.
epigeainclude, the absence of leaves at flowering time and tlieuwi§ in preserving large bulbs in
herbarium records (Dyer, 194A)rginea epigeainhabits semarid, rocky grasslands in a number of
southern African countries, particularly along the eastern coast, which differs from the widespread
hypogealD. altissima (Koorbanallyet al.,2004). In addition, traders, harvesters and traditional healers
recognisethe differences between tax®.J. Brueton, pers. obs.). Recent phytochemical studies have
discovered the presence of Bufatetraenolide (a novel bufadienplidsessing a 3.&njugated diene
system) (Koorbanallet al.,2004) as well as sesquiterpenes, which have only been isolatidimea
epigeaand not inD. altissima(Koorbanallyet al.,2005a).

In this study,D. altissima(hypogeal form) refers onlyotthe species with hypogeal bulbs with tightly
imbricated scalethatare whitish cream to light browin addition, the species is thought to have shorter
pedicelsand a very dense inflorescenadiile U. epigealepigeal formhas dess dense inflorescea and
epigeal, large ahloosely imbricate bulb scales awdl be treated separately.

Geographical distribution and flowering and fruiting season

Flowering season il. altissimaand U. epigeafollows a similar pattern, with the highest flowering
frequency in herbarium records occurring in summer (FigureD3)altissimahas the highest flowering

frequency between October and January whbileepigeaflowers slightly earlier: from September to
December. In addition, it appears tliat altissimahas a broder flowering season and may flower in
winter months (July) while no flowering was recorded in wintelfoepigea The same pattern is noted
in regards to fruiting season (Figure 3).
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Map 4: Distribution data for a.Primia altissimaard b.)Urginea epigea

The distribution of the functional species (Map 4a and b) differs ithitissimabeing more widespread
in the northern parts of the country and along the Eastern Cape. In cdutraptgeais mainly found
along the border with M@nbique and is less widespread. Some overlap does occur.

3.3.4.1.Drimia altissima(L.f) Ker Gawl. (hypogeal form)

Synonyms Vernacular names:

Urginea altissimgL.f.) Baker isiKlenama Mahlokoloza sekanama skanama
Red list status uMabhloglosi, umHIabelg White skenama(Cunningham,
LC-Declining 1988; Williamset al.,2001;)

Macroscopic description

External:

D. altissimais a bulbous herb with hysteranthous leaves that are glabrous, lanceolate and approximately
30i 45cm long and 5cm broad (Baker, 189¥he species has a stout peduncle and a cylindrical raceme
that is moderately dense. In terms of the reproductive parts, the species does not differ greatly from
epigeaother than in its very dense inflorescence and generally smaller pedicels. Ad. wipigea the

perianth is white or cream with a green dorsal stripe and reflexed petals (Dyer, 1977). The stamens are
white with yellow anthers, the ovary is green and the stigma and style both white (Dyer, 1947). Between
100 and 300 flowers are spiraliyranged and spurred bracts are present.

Bulb: internal and external

The bulb is large, ovoid and hypogeal. The light brown to cream outer scales are membranous and cover
more tightly packed inner fleshy scales that are cream coloured (Baker, 189p, J&5&). In South

African markets, the average bulb diameter is ca. 9cm. The bulb scales diffdd.fiepigeain that they

are thinner and very tough. They also often cause irritation as smdllhak e &6 spl i nter sé a-
when the bulb is hadled. The species is not prone to clustering; and,Uikepigea the bulb does not

have a distinct neck region but rather slowly tapers towards an apex. Additionally, the bulb is very
difficult to cut open as it is denser th&h epigea Internally, thespecies is cream to slightly peach
coloured and has a darker base plate that can take up to one half of the length of the bulb. The bulb scales
also appear to have numerous thrbleel fibres. The species does have a projecting base plate, where
fleshy raots attach, however it does not have the long protruding stem like base platpijea.

Occurrence at medicinal markets

The species is common in Faraday but occasional in the Warwick market (Whepeeais common).

The species was not encounteiedhe Free State or Nelspruit markets, although it has been recorded in
the Bushbuckridge area (Mander, 1997). However, whether the species referred.talissimain
Mander (1997) is referring td. epigeaor D. altissimais not known. Approximateli 3 bulbs are sold at

a time in Faraday, whereas in Warwick only one bulb is sold at a time.
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3.3.4.2.Urginea epigedR.A. Dyer (epigeal form)

Synonyms Vernacular names:

Note: This name is not the currently accepted name and Lukhovo (Swati), UmHIlabelg umahlokolozi, umgulube
form is currently synonymised under altissima In this case, inguduza,siKlenama uMahlogolosi(Zulu) (Diederichs, 2001,
it is used to describe the epigeal fornDofaltissim3. Williams et al.,2001; Karbanallyet al.,2004)

Red list status

LC

Macroscopic description

External:

The leaves of this bulbous herb are hysteranthous, liareeolate and ca. 130cm long and iZ3cm

broad (Dyer, 1947). Spurred bracts occur on approximately two thirds of the terete, erevttrentll

scape. The perianth lobes are white with a narrow green keel and the petals are reflexed, while the
stamens are white with yellow anthers. The ovary is green and the stigma and style both white (Dyer,
1947). In addition, the pedicels are ca. bbiong (generally longer than . altissimg (Jessop, 1977).

Bulb: internal and external

The bulb is epigeal with bulbs presented mainly above ground (Koorbatadly,2004). The average

bulb diameter is ca. 1a5cm (Dyer, 1947); however, in Southriéan markets the average diameter is

ca. 89cm. They are often formed into groups of two to four bulbs composed of thick and fleshy scales
thatare ca. b7cm broad and about 1cm long (Dyer, 1947). In cross section, the bulb appears star shaped
or pentagoal. There is no distinct neck but rather the bulb gradually converges towards the apex. The
bulb has a long projecting stem extending from the basal plate that withers quickly when dry. Internally,
the bulb scales are thick and fleshy but appear someaivhaiThe base plate is small (less than one
quarter of the entire length) although it does extend outwards. The tips of the cream scales are green.

Occurrence at medicinal markets

The bulbs are common in both Faraday and Warwick markets, and are oakesioree State markets.

In the present study, no bulbs were observed in Nelspruit; however, Mander (1997) rétatisdima

in Bushbuckridge. Whether the bulbs observed in Bushbuckridge were the epigealfapiged or
hypogeal form D. altissimg or both is unknown. However, the bulb is known to occur throughout the
Kruger National Park (Map 4b), and hence may be traded in the area. Approxinitdlyli2s are sold

at a time in Faraday, between?lbulbs at Warwick and only one bulb in the Frés&S

3.3.5.Drimia elataJacq. andDrimia robustasensuBaker form (robust form db. elatg

The current accepted nomenclature for both the robust and smaller bulb fDnimia elata Jacq.In
order to ensure the relevant taxonomic information is ideml all synonyms and vernacular names
relatedto the current accepted name arevided below. Separate sections are then provided for the
robust type D. robusta)and the slender formD( elatg).

Synonyms Vernacular names:

Drimia alta R.A.Dyer; Drimia altissima Hook.f. [lllegitimate]; IsiKlenama ndongwanazimbomvana, indongana
Drimia burchellii Baker; Drimia ciliaris Jacq. ex WilldDrimia zibomvana umqgumba, unDongananzibomvandgZulu)
concolor BakerPrimia elgonicaBullock; Drimia purpurascens sekanamaskanamgSotho) (Cunningham, 1988; Hutching
J.JacgDrimia rigidifolia Baker; Drimia robustaBaker; Drimia et al.,1996; Mander, 1997; Wiamset al.,2001)

rudatisii Schitr.; Drimia villosa Lindl.; Drimia zombensiBaker; Red list status

Hyacinthus ciliaris (Jacq. ex Willd.) Poir.;Hyacinthus elatus DDT

(Jacq.) Poir.ldothea burchellii(Baker) Kuntze;dothea ciliaris

(Jacq. ex Willd.) Kunth; Idothea concolor (Baker)

Kuntzejdothea elata (Jacq.) Kunth; Idothea purpurascen

(J.Jacq.) Kunth;ldothea rigidifolia (Baker) Kuntze;ldothea

robusta (Baker) Kuntze; Idothea villosa (Lindl.) Kunth;

Idothearia ciliaris (Jacq. ex Willd.) C.Preslidothearia elata

(Jacq.) C.Presl;ldothearia purpurascens(J.Jacq.) C.Presl

Idothearia vilosa (Lindl.) C.Presl;Strepsiphyla villosgLindl.)

Raf.*

*Please note that all known synonyms from The Plant listv.theplantlist.oryare provided even in the case where the synonym it is referring
to the robust form.
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Jess p 6 s c ol elatagircludedfa wide range of forms (some of which had been given separate
species status by various authors) (Jessop, 19°
principally the lack of identifiable herbarium specimenshalgh leaves occur on many) (Jessop, 1977).
The inclusion ofD. robustais problematic (especially in terms of ethnobotanical studies) because of its
narrow distribution and popularity in the KwaZtMatal herbal medicine trade.

In this study,D. robustawill include D. alta R.A. Dyer, and will be treated separately fr@melataso

that differing effects of trade can be determiriedmia elatais a widespread species and recognisable by
its small, dark pink to red fleshy bulb with distinctive but thickgavhile D. robustais very robust and

has a distinctive bulb.

In terms of reproductive materjdD. robustadoes not differ largely fronD. elata This similarity may
indicate thaD. robustais a robust fornD. elatarather than a separate speciesréstudy is necessary

to understand all the subtleties and implications. Despite this confusion, the more restricted distribution of
the robust form or species and its popularity in KZN makes it very important to understand the effects of
trade on this teon.

Geographical distribution and flowering and fruiting season

Flowering season differs betwe&n elataand D. robusta.D. elata flowers primarily in the summer
months (September to March), with occasional winter flowering specimens collected (Jukeyast).

D. robustaappears to have a longer flowering season that occurs between January and November (Figure
4). The same pattern is observed in the fruiting frequency in herbarium recabdsdbusta(Figure 4).

12 8
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Il D.elata
E= D. robusta

6 D. robusta

Flowering frequency in herbarium records
Fruiting frequency in herbarium records

April
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June
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August
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August
October
November
December

a. b.
Figure 4: Differences in a.) flowering and b.) fruiting frequency (number of records) betdeetata and D. robustain
herbarium records

- Drimia elata
I:l Drimia robusta

I:I Drimia elata and Drimia robusta

Map 5: Distribution data for aIp. elata b.)D. robust and c¢.D. elataandD. robusta
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There were a large number of herbarium samples with no bulb material that may have beBn eliteer

or D. robusta;however, distribution data for the distinct types suggestdthatatais more wdespread
occurring in Limpopo, Gauteng, along the Eastern and Western Cape coast line, KZN and occasionally in
Gauteng (Map 5). In comparisdd, robustais concentrated in KZN and along the Mozambique border.

3.3.5.1.Drimia elataJacq (slender form)

Synonyms Vernacular names:

Drimia alta R.A. Dyer IsiKlenama ndongwanazimbomvanaindonganazibomvana
Drimia ciliaris Jacg. ex Willd. umqumba, unDongananzibomvana(Zulu) sekanama
Red list status skanamgSotho) (Cunningham, 1988; Hutchingsal., 1996;
DDT Mander, 1997; Williamet al.,2001)

Macroscopic description

External:

Drimia elatahas between five and six lanceolate, glaucescent, glabrous amdestiteaves, which are

often produced after the flowers (Baker, 1897). The peduncle is exktietween 3045cm long, with a
moderately dense, cylindrical raceme. The perianth segments are canaliculate, reflexed and variable in
colour. They range from greenish purple, white striped with brown, silvery white or pinkish with a darker
or greenish bnan median stripe (Baker, 1897; Jessop, 1977). The stamens are white with yellow anthers.

Bulb: internal and external

The bulb is globose and about 7cm in diameter and has fleshy bulb scales that are light reasttopink

as the bulbThe neck is tm and often the dry, membranous outer scales converge around the neck region
and sometimes up the stem. Bulbs in South African markets are usually small, ca. 5.5 cm in diameter.
Internally, the bulb is purple although the tips of the young, central balbssare whitgink or cream.

The base plate is small and inconspicuous and does not seem to extend past the base of the bulb. The
roots are contractile.

Occurrence at medicinal markets

Bulbs are seasonally abundant in Faraday but occasional in Walwiek.are very common in the Free

State markets and have also been recorded in the Eastern Cape markets (Dold and Cocks, 2002).
However, there is no record of the species in Nelspruit or Bushbuckridge (Mander, 1997). As the bulbs
are small, ca. 9 bulbs aseld at a time in Faraday, and about 2 bulbs are sold at a time in the Free State.
Only one trader stocked the species in Warwick, so it is difficult to know the average although in that
instance, 6 bulbs were sold for R10.

3.3.5.2.Drimia robustaBaker(robust form)

Synonyms Vernacular names:

Drimia altissimaHook. f. IsiKlenama ndongwanazimbomvanaindonganazibomvana
Note: This is not the currently accepted name and this for umqumba, unDongananzibomvana(Zulu) sekanama
currently synonymised undé. elata.In this case, it is used t skanamgSotho) (Cunningham, 1988; Hutchingisal., 1996;
refer to the.emtmaobust 6 f or m Mander, 1997; Williamet al.,2001)

Red list status

DDT

Macroscopic description

External:

This bulbous herb aapproximately six to eight lorataenceolate, fleshy leaves that occur at the time of
flowering (Baker, 1897). The leaves can be betwedrid&m long and betweeri Zzm broad. The
peduncle is very robust and the cylindrical raceme occupies approxirhatelys length (Dyer, 1943).

The pedicels are spreading, with lanceolate bracts and dull reddish white perianth segments that are
convolute. Often there is a broad pink brown band and reflexed white margins (Dyer, 1943). The stamens
are white but have pikish purple bases and dark purple anthers.

Bulb: internal and external
The bulb is ovoid and approximately IOcm in diameter (Baker, 1897), however, the average diameter
in South African markets is cdcm. The reddish scales are densely packed anty fidthough the apices
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of the scales are often dried and membranous. The scales are tightly imbricate and often form a step like
pattern. There is no noticeable neck region, instead the bulb tapers slowly to the apex. In most cases, the
bulb does not hava projecting base plate. The bulb sap can cause great irritation and burning when
rubbed on the skin and sometimes even handling the bulb can cause irritation. Internally, the bulb scales
are light to darker purple with the inner new bulb scales and Seefdate often a light cream colour. The

base plate is not long and extends approximately one fifth of the bulb length.

Occurrence at medicinal markets

The bulbs are very common in Warwick but only occasional in Faraday. In addition, no samples were
recaded in either the Free State or Nelspruit markets and it is not known to be traded in the Eastern Cape
(Dold and Cocks, 2002). Approximately 8 bulbs are sold at a time in Faraday whereas in Warwick,
only 1i 2 bulbs are sold at a time.

3.3.6. Drimia delagoensis Baker) Jessop and tHdrginea lydenburgensi&®.A. Dyer
form (Lydenburg form oD. delagoensis

The current accepted nomenclature for both the clumping and compact bulb f@rimiéssdelagoensis
(Baker) Jessapln order to ensure the relevamtxbnomic information is provided, all synonyms and
vernacular names relatéd the current accepted name arevided below. Separate sections are then
provided for the clumping typ@®( delagoensisand the compact formyJ( lydenburgensjs

Synonyms Vernacular names:

Seékanama delagoensi@Baker) SpetaUrginea delagoensis IsiKlenama, ndongwaraimbomvana, indonganazibomvana
Baker;Urginea lydenburgensiB.A. Dyer* umgumba, unDongananzibomvar{@ulu) sekanamaskanama
Red list status (Sotho) (Cunmgham, 1988; Hutchingst al., 1996; Mander,
LC 1997; Williamset al.,2001)

*Please note that all known synonyms from The Plant lsiv.theplantlist.oryjare provided even in the case where the synonym itegirg
to the compact form.

Both Drimia delagoensisand Urginea lydenburgensisvere originally members of the genUsginea
Steinh., howeveUrgineawas reduced to synonymy und&rmia (Jessop, 1977), and the species placed
as a member of the lard@rimia group. There has been some confusion within the species group, with
Dyer (1942a) feeling thdtl. lydenburgensishould be given full species statughereaslessop (1977)
considerdJ. lydenburgensiasjust a form ofD. delagoensis.

In this dissertatin, the forms have been kept separate due to their differing geographic distribution and
morphological bulb characteristicB. delagoensigepigeal form) refers to the somewhat epigeal, dark
olive green bulb which is prone to clumping and has looselyguhttkicker outer scales. The leaves of
this form are linear and deeply canaliculate (Dyer, 1942a). The compact form is referredJto as
lydenburgensisThis form has a pink bulb with thick, more tightly packed scales. The leaves are sub
terete and linegiDyer, 1942a).

Geographical distribution and flowering and fruiting season

U. lydenburgensiss a restricted species that has only been collected in the Lydenburg area of
Mpumalanga (Dyer, 1942a)p. delagoensisppears to have a wide flowering rangdlasering occurs

in both the winter and summer months (although with greater frequency in the summer monthg), while
lydenburgensidias only been collected in September and October (Figure 5). The same pattern can be
seen in the fruiting frequencies bktspecies (Figure 5).
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Figure 5: Differences in a.) flowering and b.) fruiting frequency (number of records) betiséeria delagoensigandUrginea
lydenburgenis

a b.

Map 6: Distributiondata for a.Drimia delagoensisind b) Urginea lydenburgensis

The distributions oD. delagoensieandU. lydenburgensiglo not overlap, withJ. lydenburgensigeing
restricted to Mpumalanga arfd. delggoensisthroughout northern KZN (Map 6a and b.). However,
important to note is that the distribution of either species or forms in Swaziland and Mozambigque was not
mapped and areas where the forms overlap may occur in these countries.

3.3.6.1 Drimia debhgoensigBaker) Jessop (clustering form)

Synonyms Vernacular names:

Urginea delagoensiBaker IsiKlenama, ndongwanraimbomvana,indonganazibomvana
Red list status umqumba, unDongananzibomvar(@ulu) sekanamaskanama
LC (Sotho) (Cunningham, 1988; Htiags et al., 1996; Mander,

1997; Williamset al.,2001)

Macroscopic description

External:

The bulbous herb has approximateiysSsynanthous, linear and glabrous leaves that are ca. 4.2mm broad
(Baker, 1897). The peduncle is stiffly erect and the racentylindrical and lax and hasiZD flowers
(Jessop, 1977). The perianth is light brown, creamy white, greenish white or pale mauve, with or without
a darker dorsal stripe (Baker, 1897; Jessop, 1977).

Bulb: internal and external

The bulb is oblong dindrical and very prone to cluster, often with a very gnarled exterior. The scales are
very loose and green with some red washed patches. The bulb does not have a distinct neck. Bulb scales
cause irritation when rubbed on skin, but outer scales aredassocand the bulb can be handled without

skin irritation. Internally, the bulb scales are purplish pink and quite dark. The average bulb diameters in
South African markets are about 6.8cm.
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Occurrence at medicinal markets

Bulbs are seasonally occasiofiralthe Faraday market and occasional in the Warwick market. In both
markets, only about five stalls stocked the species at one time. More bulbs were sold per sale in Faraday
market (between seven and eight bulbs) while in Warwick market, only 2 bulve@gya were sold at a

time.

Flowering season
Surprisingly, there are more flowering records in the winter months (June, July and August) than in some
of the summer months (October, December and January) (Figure 5a).

3.3.6.2.Urginea lydenburgensiR.A. Dyer (Lydenburgform)

Synonyms Vernacular names:

Note: This species name is not the accepted name an masi xabanaisiKlenamaCrouchet al.,2006)
species is currently synonymised un@erdelagoensisin this

case it refers to the Lydenburg version of the species.

Red list status

NT Blab(v)

Macroscopic description

External:

The species has approximately2lleaves from each bulb. These leaves are about 45cm long and are
between B5cm broad, glaucous green, sigbete, slightly flattened along thedaxial surface and
occasionally slightly grooved. The leaves are produced before the inflorescence (Dyer, 1942a). The
peduncle is 3b0cm tall and 3mm thick, glaucous, stébete and firm, with the inflorescence
approximately one third of its length. Therianth segments are whitish with a green keel and spreading
from below the middle. The upper bracts are spurred, while the lower ones are much reduced (Dyer,
1942a).

Bulb: internal and external

The bulb is pyriform, up to 10cm long and 8cm in diaméDger, 1942), although in Nelspruit stalls the
average diameter is 6.5cm. The species is often solitary but tight clusters do occur. The external scales are
pink and partly covered with a transversely ribbed membranous tip (Dyer, 1942a). The extddor is

often gnarled in appearance. Internally, the bulb is fleshy pink to green.

Occurrence at medicinal markets

Literature surveys suggest that the bulb has not been recorded in any South African medicinal markets
surveys (Cunningham, 1988; Mander, 199lliams et al.,2001; Dold and Cocks, 2002; Botbaal.,

2004), however bulbs have been purchased from Nelspruit for use in phytochemical analysis of the
species (Croucht al.,2006). In this studyl). lydenburgensisvas only recorded in Nelspruit, thionly

one trader in a group of pavement stalls stocking the species. It was not abundant and only a few
individuals were on sale. On this occasion, five bulbs were purchased for R10.

3.3.7.Drimia cooperi(Baker) Baker

Drimia cooperiwas regarded as species restricted to the Eastern Cape (Jessop, 1977; Goath

2010). However, more recent evidence suggests that it does extend northwards into KZN up to Maclear
(Crouchet al.,2010). It is a well defined species, although uncommon in mediciaad plarkets. It was

first identified in Warwick medicinal market in 2004 and the species has been observed on two more
visits to Warwick medicinal market in 2008 (Crouattal.,2010) (Appendix 1).

Synonyms Vernacular names:
Ornithogalum cooperBaker uMahlokolozauMahlogolosi(Crouchet al.,2010)

Red list status
VU A2ad; C2a(i)

Macroscopic description
External:
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Between 24 glabrous, sublinear, synanthous leaves occur, each lea2isr8 long and ca. 1cm broad
(Jessop, 1977). The elongate raceme between 35 and 70 flowers each with a spurred bract. The
perianth is greenish white and rather conspicuously striped, and is fused and spreading (Jessop, 1977).
The filaments are linear and the style and ovary are approximately the same length (Baker, 189

Bulb: internal and external

The bulb is narrowly ovoid to globose and tapers towards a thick neck region (Baker, 1897; Jessop,
1977). The scales are compacted and firm and are light peach to salmon orange and have loosely arranged
tough fibrous (aliough slightly succulent) scales. The scales have fine threads where the bulb scales have
been shed or damaged (Jessop, 1977). When cut open, the bulb tends to lose shape and the scales ar
loosely arranged. Internally, bulb scales are light peach andtdgpear to be very succulent.

Occurrence atmedicinal markets

This species is uncommon and has only recently been recorded in Warwick (E€ral¢cB010). When

the species was first encountered in the market (in 2004), only one trader was rectirdbd gpecies

(N.R. Crouch 103®&H), however, in this study three traders were encountered with the species. On all
three occasions, only a few bulbs (less than five) were on sale. The average diameter in the market is
around 5cm. The species has not beecountered in any other market in South Africa (Cunningham,
1988; Mander, 1997; Williamat al.,2001; Dold and Cocks, 2002; Botagaal.,2004).

Geographical distribution and flowering and fruiting season

The species is very uncommon and thus infoionabn flowering and fruiting season is difficult to
obtain. From the data the species appears to flower in both summer and late winter (Figure 6). In this
study, no purchased specimens flowered.
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Figure 6: Flowering and fruiting frequency (number of records) from herbarium recor@sifora cooperi

Map 7: Distribution data foDrimia cooperi
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The species has a very limited distribution with only five known localities in dingnern parts of the
Eastern Cape and the southern parts of KwaRiatal (Map 7).

3.4. SPECIES SUMMARIES: AMARYLLIDACEAE
3.4.1.Boophone distichd_.f.) Herb.

Boophone distichas a member of the Amaryllidaceae and one of two species within the genus
(Germishuizen and Meyer, 2003). Although there has been some vanmtlom spelling ofBoophone
Herb. (alternative spellings includBuphane Boophaneand Buphong (Huttleston, 1960; Archeet al.
2001), the species is well accepted and is recognisabiis distichous, erect leaves, tunicated torpedo
shaped bulb and dense umbel of pmkpleto redflowers borne on a short, stout, somewhat compressed
peduncle (Dyer, 1976).

Synonyms: Vernacular names:
Boophone longepedicellatBax;Haemanthus lemaireDe iNcotho,Incoto, Ngoto
Wild.; Haenmanthus robustus®ax Amaryllis distichalL.f. Ngubozohlonya, incotho, incwadZulu) (Cunningham, 1988

Haemanthus sinuatuEhunb ex. Schult.f Hutchings et al., 1996 and Williamset al., 2001), Ishwadi
Red data list status: (Xhosa) (Dold and Cocks, 2002).
LC-Declining

Macroscopic description

External:

Boophone distich#&s a bulbous herb with two ranked, erect, ensiform and distichous leaves arranged in a
fan shaped manner (Dyer, 1976; Van Wtlkal.,1997). The pduncle is short, stout, solid and somewhat
compressed with two deltoid bracts. The flowers occur in dense umbels and are pink to purple (Dyer,
1976). The perianth is a short subcylindric tube with equal spreading slender segments. The anthers are
yellow and oblong and the style, red and curved (Baker, 1896). When the rounded inflorescence is dry,
the flowerhead dehisces from the peduncle and rolls around in the wind distributing seed (Snijman and
Linder, 1996).

Bulb: internal and external

Bulbs can reacB0 cm in diameter (Dyer, 1976), although in South African markets they appear smaller
(c.a. 9cm in diameter). The tunicated bulbs are ovoid but can appear torpedo shaped when smaller. The
outer tunics are brown and firm in texture (Baker, 1896), howéesetoften come off when handled in

the market to expose lighter, thinner and more flimsy tunics underneath. There is no bulb neck as the
entire bulb tapers towards the base and apex. There is often a protruding base plate with numerous thick
and fleshy rots. The bulb occurs in grassland areas and there is often evidence of burning on the upper
two thirds of the bulb (van Wylet al., 1997). Internally, the bulbs are creamy white and there are
numerous thin scales surrounding the torpsiaaped base platé/hen cut, the internal tunics appear to
consist of numerous threads, which is characteristic of all genera within the tribgllikieae of the
Amaryllidaceae Meerow and Snijman, 1998) n addi ti on, the scales exu
oxidize over tine and become purplarown.

Occurrence atmedicinal markets:

Bulbs are common in Faraday and Warwick markets, and in smaller markets in Free State (V.J. Brueton,
pers. obs.). Bulbs are also found in the Eastern Cape market (Dold and Cocks, 2002) nAgtelpxivo

bulbs are usually sold at a time in both the Faraday and smaller Free State markets. In contrast, in
Warwick only one bulb is sold at a time. Occasionally, bulbs are seen with leaves and/or flowers in the

market.

Geographical distribution and flowering and fruiting season:

Boophone distichaoes not appear to flower throughout the year (Figure 7). Instead, the early summer
months (October and November) have the highest frequency of flowering (and fruiting) while April and
June have no occurregg of flowering or fruiting in the herbarium records.
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Figure 7: Flowering and fruiting frequency (number of records) recorded from herbarium recoBimofirone disticha

Map 8: Distribution data foBoophone disticha

Boophone distich&as a very large distribution spanning most of South Africa (Map 8). Many localities

do, however, occur close to highly populated areas. The distribution was based on PRECIS data as well as
the herbarium data collected in this study. It may also include the distribution of the winter gi@wing
haemanthoideshowever, a more detailed assessment of herbarium material and PRECIS data would be
needed to determine this.

3.4.2.CrinumL.

The genugLrinumbelongs to the Amaryllidaceae family, and it is estimated that there are between 60 and
70 species (Meerowt al., 2003) distributed throughout the tropics and warm temperate regions of the
world in Asia, Australia, Africa and America (Thi Ngoc Trat al.,2002). The seeds of the genus are

well adapted for oceanic dispersal, and this is thought to have allowed its broad distribution. This genus is
extremely well marked by numerous morphological synapomorphies, such as extensible fibres in the leaf
tissue, bisulculate pollen with spinose exines, scapes with schlerochymatous sheaths, unitegmic or
ategmic ovules and nondormant, watieh, nonphytomelanous seeds with chlorophyllous embryos
(Meerowet al.,2003).

Four species are commonly recognised $outh African markets, namelZ. macowanii C.
bulbispermum, C. mooraindC. stuhlmanniiCunningham, 1988; Williams, 2007 rinum foetidumis

used in Botswana and. paludosumis noted for its use as cattle feed in South Africa (Fennel and van
Staden2001). Additionally,Crinum species have been used for a variety of ailments in southern Africa
(Fennel and van Staden, 2001). HoweverCaisum bulb anatomy is very similar between species
(Arroyo and Cutler, 1984), species identification based on mdbphology or anatomy is difficult.
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Informant interviews suggest that traders and traditional healers do not distinguish, or do not have any
preference for, a enhnumsnptieecniakkets (\aJ. Bruetbny pensdobsg fand thus,
potentially, ay South African species may be sold in the markets. Species that occur within South Africa
and may possibly occur in South African medicinal plant markets, inclGdecrassicaule; C.
campanulatum; C. lugardiae; C. acaule; C. lineare; C. buphanoides;ublmannii; C. macowanii; C.
bulbispermum; C. graminicola; C. moorei; C. minimum; C. variatdled C. paludosum(Verdoorn,

1973). In this study five species were recorded using bulb and leaf characteristics. Summary information
is provided for these species

The genusCrinum is widely distributed throughout Limpopo, Mpumalanga, Gauteng, KZie State
and the Eastern Cape (Map 9).

Map 9: Distribution data folCrinum buphanoides; C. stuhlmannii; C. macowanii; C. moorei and ®idpérmum;

3.4.3.Crinum buphanoide®/elw. ex Baker

The genusCrinum in Africa includes about 50 species, of which about 85% have flowers that are
zygomorphic (with a curved tube, declinate stamens and style and tepals connivent to a bell), while the
remaining 15% possess flowers that are radially symmetrical and have arcuate stamens, a straight style
and reflexed petals (Platyaster or Crinum form) (Nordal and Kwembeya, ZD@4#)m buphanoides

one of two species with the latter flower morphology @éarn, 1973). Despite the confusion related to

ot her species with the OPIl atyast etral,2002pNo@al and r p h o
Demissew, 2002; Nordal and Kwembeya, 2004), the species is well defined and easily recognisable due
to itsdistichously arranged leaves and habitat preference for dry areas (Nordal and Demissew, 2002).

Synonyms Vernacular names:

Crinum leucophyllunBaker Mduze Umduze, umNduze, umDuzi

Red list status (Zulu) (Cunningham, 1988; Hutchings al., 1996, Willians
LC et al.,2001)

Macroscopic description

External:

This species has light green, distichous leaves, which are deeply channelled (Verdoorn, 1943). The
margins are ciliate with minute cartilaginous teeth and a narrow cartilaginous edge, and the loe®st leav
are ca. v9cm broad. Each successive leaf becomes narrower, with the uppermost leaves approximately
2.5cm broad (Verdoorn, 1943; Verdoorn, 1973). The umbel is 13 to 50 flowered (Nordal and Kwembeya,
2004) and the flowers are white to pink, usually vatldeep red keel. The perianth tube is long and
slender with the segments spreading abruptly and recurving. The stamens are arcuate and erect and the
upper parts of the filaments and style are deep rose (Verdoorn, 1973).

Bulb: internal and external
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The bub, which is covered by numerous brown papery tunics (Nordal and Kwembeya, 2004), is ca. 15cm
in diameter (Verdoorn, 1943; Verdoorn, 1973) and narrowed abruptly into a neck of varying lengths. In
the markets, the average diameter of bulbs identified. siphanoidesvas 9.3cm. Internally, the bulbs

are cream coloured and produce a cream coloured, thin, watery sap when cut open, however when
exposed to air the inner scales become discoloured to a darker brown purple. This discolouration
increases throughouhe length of the bulb, the longer the bulb scales are exposed to the air. The
innermost bulb tunics are lighter in colour and the base plate is small. The base plate projects slightly out
the base of the bulb and has numerous thick, contractile roathedt As with all species within this
genus, extensible fibres occur when bulb tunics are pulled apart

Occurrence at medicinal markets

This species was only encountered in Faraday and has not been identified in previous studies
(Cunningham, 1988; Mandel1997; Williamset al., 2001; Dold and Cocks, 2002). It appears to be
seasonally common and was encountered in September/October 2007. At this time, many traders had
numerous flowering specimens stacked on one another (enabling identification); holnegpecies was
subsequently not observed, suggesting that its presence in the market may be occasional, occurring only
when traders and harvesters come across large populations of the species in the field. On average, two
bulbs were sold for R10.

Geographical distribution and flowering and fruiting season

Crinum buphanoidesas the highest frequency of flowering and fruiting in the summer months (from
October to February); however some flowering and fruiting specimens have been recorded in March,
April and May (Figure 8).
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Figure 8: Flowering and fruiting frequency (number of records) recorded from herbarium collecti@riniam buphanoides

Map 10: Distribution data foCrinum buphanoides
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Crinum buphanoidess distributed in the nortkastern parts of South Africa, mainly in Limpopo and
Mpumalanga although it does appear to also occur in Gauteng (Map 10)

3.4.4.Crinum mooreHook.f.

Crinum mooreihas broad perianth segnts, like many members of the Codonocrinum section of the
genusCrinum however in contrast to the other Codonocrinums, it has perianth segments spread from the
base (Verdoorn, 1961). Although this highlights that these subgeneric delineations aterabentties
(Nordalet al.,2002), the species itself is recognisable by many features that distinguish it from all other
South AfricanCrinum speciesDefinable features include a distinctly swollen midrib on the leaf, which
unlike mostCrinumspeciess more or less intact (Verdoorn, 1961; Verdoorn, 1973).

Initially, there was some uncertainty as the species was first described and figured from a plant from
Glasnevin Gardens that had be grown from seeds collected from an unknown locality (Verdebyn, 19
Baker (1897) recognised that plants been grown under the garden @aowmsnsqiC. mackeniandC.
natalensewere all C. moorej however he failed to recognise that imbricatumwas also the same
species (Baker, 1987; Verdoorn, 1961).

Synonyms Vernacular names:

C. imbricatumBaker, C. macowaniBaker(in part) Mduze Umduze, umNduze, umDuzi

C. schmidtiiRegel (Zulu) (Cunningham, 1988; Hutchings$ al.,1996, Williamset
Red list status al., 2001)

VU Adde

Macroscopic description

External:

Leaves are borne at the top of the false stem and are ensiform, narrowing to the apex and base and
approximately 65cm long. The leaves have obvious parallel venation and a thickened midrib on the
underside (Verdoorn, 1961; Verdoorn, 1973). The pedunclengs (lca. 70cm) and somewhat flattened,

while the umbel is 8lowered; each flower opens in succession, with-cutnivent and spreading
perianth segments, so that the open flower is usually broader than deep (Verdoorn, 1961).

Bulb: internal and external

The bulb is subglobose, varying in size up to 19cm in diameter and narrowing abruptly into a leng stem
like neck (Verdoorn, 1973). In some cases, this neck is bent or curved downwards. In the markets, the
average diameter of bulbs identified@smooreiis about 8.5cm. The tunics are cream to light brown and

in many cases have pale but visible parallel vendiikenstripes. Internally the bulb is cream coloured

with a darker but small base plate. The bulb produces a thin creamy white sap when cut. &k with
species within this genus, extensible fibres occur when bulb tunics are pulled apart.

Occurrence at medicinal markets

This species is generally recognisable in the market because of its long neck; however some individuals
have a curved neck. It is m@mommended that all specimens are planted to confirm the species
determination. The species was recorded in Faraday; however, it is not common and was only seen at the
market twice during this study. In Warwick, however, the species is abundant and comwas.nbt
encountered in the Nelspruit or Free State markets, and has not been recorded in the Eastern Cape or
Mpumalanga (Mander, 1997; Dold and Cocks, 2002). The number of bulbs per sale is not dependent on
the species but on the size of bulb. In bothkeis, the average number of bulbs was between one and
three.

Geographical distribution and flowering and fruiting season

Crinum mooreihas increased flowering and fruiting in the summer months (October to February) and
although flowering was recorded April, the species does not appear to flower before October (Figure
9).
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Figure 9: Flowering and fruiting frequency (number of records) recorded from herbarium collecti@riniam moorei

Map 11: Distribution data folCrinum moorei

Crinum mooreis mainly distributed along the coast of Eastern Cape and KwaZulu Natal (Map 11).
3.4.5.Crinum stuhlmanniBaker subspdelagoensél.Verd.) Kwembeya &Nordal

There has been sanaxonomic confusion surroundi®y stuhlmanniiand the species now includés
delagoensé.Verd. andC. forbesii(Lindl.) Schult. and Schult.f. In 1962, delagoenseas described by
Verdoorn, who felt that botl. forbesiiand C. forbesianunfan illegitimate name for the species) were
used incorrectly to describe two separate species. Although unsure of tke tankesii,Verdoorn felt
that a new name was necessary to separately describe the Delagoa Bay plant wighripeadffowers
and long, boad, trailing leaves (Verdoorn, 196£). delagoensandC. forbesij however, have now been
synonomised and are known collectivelyGsstuhlmannii

However, recent studies have shown that there aremo closelyrelated species, one occurring in the
north (found in Kenya and Tanzani&), stuhlmanniiBaker (1898), and one occurring in the sou@h,
delagoensd. Verd. (1962) (Zimudzet al, 2006). The two are only separated on the basis of the width of
the perianth segments and their geographical lbigion. The two forms are closely related but vicariant
taxa and were recognised by Zimudi al. (2006) as subspecies. Due to the distribution, d@ly
stuhlmannii subsp.delagoenseg(l.Verd.) Kwembeya & Nordal is thought to occur in the medicinal
marketsof South Africa. As such, all references @ stuhlmanniiin the dissertation refer to this
subspecies.
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Synonyms Vernacular names:

C. delagoense Verd. Mduze, Umduze, umNduze, umDuzi (Zulu)
C. forbesii Lindl.) Schult. emend. Herlsensu_ehmiller (Cunningham, 1988; Hutchings al.,1996; Williamset
C. forbesianuntderbert al., 2001)

Red list status

LC-Declining

Macroscopic description

External:

C. stuhlmanniihas long leaves, spreading at the ground level, which can be up to 15cm broad, with a
narrow cartilaginous border which is distinctly ciliate (Verdoorn, 1962; Verdoorn, 1973). The peduncle is
arcuate and about #80cm long and about 3cm broad. The umbel is 10 to 30 flowered, and the perianth
of each flower is white with a distinct broaakegh rose or purplish red dorsal keel, conniving into a funnel
shape, with only the apical third recurved. The stamens are declinate and the filaments are white or
sufficed with rose (Verdoorn, 1962; Verdoorn, 1973).

Bulb: internal and external

The bulb s large and globosej B2cm in diameter with many brown tunics. The outer dry tunics often
flake off to reveal reddish brown, thicker tunics that are quite brittle. The neck abruptly narrows into a
short or long neck (Verdoorn, 1962). In the market, thbsare ca. 13cm in diameter. Internally, the
bulbs are dirty cream and emit a thick sticky sap when cut open. The base plate is darker than the
surrounding bulb scales but is small and does not project a great deal out of the base of the bulb. As with
all species within this genus, extensible fibres occur when bulb tunics are pulled apart.

Occurrence at medicinal markets

This species appears to be relatively common throughout the year in Faraday, and is more occasional in
Warwick. However, traders do netock single species @rinum but rather have a variety of species,
which makes the abundance of the species in the market difficult to ascertain. As the b@lbs of
stuhlmanniiare generally large, the number of bulbs sold per sale is usually low yuluabulbs).

Geographical distribution and flowering and fruiting season

Flowering and fruiting season . stuhlmanniioccurs primarily in the summer months between
September and February) with some flowering occurring in the winter months (Marétugnst). The

same pattern is seen with the frequency of fruiting; however, some fruiting is recorded in the middle of
winter (June), which suggests flowering does occur throughout the winter months (Figure 10).
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Figure 10: Flowering and Fruiting Frequency (number of records) recorded from Herbarium collecti@ton stuhlmannii
subsp delagoense
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Map 12 Distribution data folCrinum stuhlmannisubsp delagoense

Crinum guhlmannii subsp delagoenseccurs along the northern part of the KZN coast and along the
Mozambique border. Some populations are found in Mpumalanga and Limpopo (Map 12).

3.4.5.Crinum bulbispermunBurm.f.) Milne-Redh. and Schweick

In the past ther was some uncertainty surrounding the taxonomyC.obulbispermumiIt was first
described asAmaryllis bulbispermumBurm. and then a<C. longifolium which had been used
indiscriminately to describe many species within southern Africa with-olbgd periaths (Baker, 1896;
Verdoorn, 1953). However, MilaRRedhead and Schweickerdt simplified the matter in their revision of
the genusAmmocharis(1939). They suggested that the correct name for the species was the new
combinationC. bulbispermumbased om. bulbispermunBurm. (Verdoorn, 1953). The species is easily
distinguishable by its long perianth tube and segments connivent to a bell. Other defining features include
a bulb that narrows gradually towards the apex, and leaves that form-fkst@mlumn and reduce in

width from the outer 9cm broad to inner thin 3mm broad leaves (Verdoorn, 1953; 1973).

Synonyms: Vernacular names:

No synonyms Mduze Umduze, umNduze, umDuzi

Red list status (Zulu) (Cunningham, 1988; Hutchings$ al., 1996, Williamset
LC-Declining al., 2001)

Macroscopic description

External:

C. bulbispermunmhas glaucous green leaves, the outermost sometimes deep purple at the base. The
sheathing bases of the leaves form a dikencolumn of about 30cm and the tips of the leaves are
truncde and have a narrow cartilaginous border (Verdoorn, 1953; 1973). The pedun¢l@dsm0ong

and has an umbel with between 6 to 16 flowers. The perianth has a long cylindrical tube up to 11cm long
with segments conniving into a narrow funnel with thecepi subspreading or slightly recurved
(Verdoorn, 1973). The perianth is white with a dark red keel or entirely suffusedwith red, the stamens
declinate, white or suffused with pink and the style deep pink in the upper portion with a light brown
stigma (Vedoorn, 1973).

Bulb: internal and external

The bulbs of the species are quite distinctive as there is no neck region but rather the bulb narrows
gradually towards the apex. The tunics are light brown to darker brown. The apex of the tunics is often
suffused with pomegranate purple. Internally, the bulb is cream coloured with a darker cream base plate.
The bulb scales produce a creamy, watery sap. As with all species within this genus, extensible fibres
occur when bulb tunics are pulled apart.

Occurrence atmedicinal markets

This species was not commonly seen during the present study although it was recorded in both Faraday
and Warwick markets in the past (Cunningham, 1988; Willienad.,2001).
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Geographical distribution and flowering and fruiting season

Flowering and fruiting frequency dE. bulbispermunis greatest between October and December with
limited occurrences recorded in late summer (January to March). No flowering was recorded in the winter
months (Figure 11).
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Figure 11: Flowering and Fruiting Frequency (number of records) recorded from herbarium collectiorGrifiam
bulbispermum

Map 13: Distribution data foCrinum bulbispermum

Crinum bulbispermunoccurs fromthe Northern Cape through the Free State into Gauteng, Mpumalanga
and KZN (Map 13).

3.4.6.Crinum macowaniBaker

Crinum macowaniwas originally described by Baker (1878) and now comprisés. @fouwsiiand C.
macowaniisubsp.confusum(Verdoorn, 1973) There is some taxonomic confusion as any species with
black anthers is placed in the species (N.R. Crouch, pers. comm.) and thus studies on the taxonomy of this
species are needed.

Synonyms: Vernacular names:

C. gouwsiiTrauh; C. macowaniiBaker subsp. confusurh Mduze Umduze, umNduze, umDuzi

Verd. (Zulu) (Cunningham, 1988; Hutchings$ al., 1996, Williamset
Red list status al., 2001)

LC-Declining

Macroscopic description

External:

The leaves of this species are variable: green or glaucousdisigrea the ground level or arcuate from a
small sterdike base. However in general, they are deeply canaliculate and slightly to very strongly
undulate (Verdoorn, 1973). They are about 80cm long or longer and have a narrow cartilaginous margin
and can bdairly to densely ciliate. The peduncle can be betwed®d&n long and bearing an umbel
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with between 8 to 25 flowers. The perianth can be a long or short tube, the segments conniving in a wide
trumpet, with the apical portions recurved. The segments hite with a distinct rose coloured keel
(sometimes rosy with carmine keel). The stamens are declinate; filaments are white and anthers black.

Bulb: internal and external

The bulb is variable in size but can be very large%8m in diameter), and fairlgbruptly narrows into a

short or long neck. As with all species within this genus, extensible fibres occur when bulb tunics are
pulled apart.

Occurrence at medicinal markets

The species was recorded in both Faraday and Warwick markets in previous(§tudigagham, 1988;
Williams et al., 2001); however, during the present study, very few individual§.ahacowaniiwere
collected in the market. The species does not have many defining bulb characteristics and is not
distinguishable from otheZrinumspedes in the markets.

Geographical distribution and flowering and fruiting season
Crinum macowaniiflowers throughout the year: with the highest flowering and fruiting frequency
occurring between October and January (Figure 12).
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Figure 12: Flowering and Fruiting Frequency (number of records) recorded from Herbarium collect®misurfi macowanii
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Crinum macowaniobccurs along the eastern coast and border of South Africa from the Eastern Cape to
Limpopo. It is the most widely distribut&tinumspecies (Map 14).

Map 14: Distribution data foCCrinum macowanii
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4. DISCUSSION AND CONCLUSION

Can bulb characteristics facilitate speesggcific identification in a medicinal martksetting? Evidence

from this study suggests that bulb material does provide useful charactdhaticean be used for
identification within the Hyacinthaceae and to a lesser extent in the Amaryllidaceae. In the
Hyacinthaceae, bulb scale characters tugetwvith bulb shape and colour were the most useful for the
compilation of an identification key. Extensible fibres when bulb tunics are torn are a feature currently
used in the identification of species within the Amaryllidaceae (Meerow and Snijman, TB88g fibres

were useful in this study for the identification to family level. However due to the similarities in tunic
colour and shape of bulbs in the Amaryllidaceae, identification to species level was not possible based
solely on bulb characteristics

One striking result of this study was that traders recognise three different bulbtfiatrase currently
synonymised in the taxonomic literature. Although taxonomists sometimes use bulb characteristics in
their revisions of species, these characteesadten thought to be too variable (Jessop, 1977) or too
uniform (Arroyo and Cutler, 1984). Traders, traditional healers and harvesters may place emphasis on
differing information and if bulb forms are recognised as distinct, then the impacts of haroestirese

forms may be diverse. Even at a larger scale, the species making up an ethnospecies may have different
distribution ranges, population structure and density, growth rates and population biology (Cunningham,
1988; Williams, 2007). In thisstudy,he concept of O6é6functional taxono
original nomenclature to describe different bulb forms. Ecology in general, has become a more predictive
functional science and the value of creating #raed functional groups whiclicav for a mechanistic
understanding of ecosystems is well established (Pendiy, 2007).Rather than focusing on the species

per sethis approach attempts to understand the full ird&tionship (function) of a species within the
landscape of the mieet as well as the impact of harvesting of these forms on populations. For this reason,

U. epigea, U. lydenburgensadD. robustawere used to describe bulb forms recognized by traditional
healers, harvesters and traders, although these names areoguized in the most recent taxonomic
revisions.

The trade in medicinal plant species is a significant cause of resource depletion of commonly used
medicinal plants (Williams, 2004; Williamet al., 2007). The impact of harvesting, trade and use of
medichal plants is partly dependent on the plant part removed and the level of harvesting effort
(Williams et al., 2007). However, many medicinal plant surveys and studies conducted at medicinal
markets have been on a large scale (Cunningham, 1988; Mander VIidiRims et al.,2001) and have
therefore focused primarily on ethnospecies groupings, although some studies have been species specific
(Dold and Cocks, 2002).

In this study, eight ethnospecies (excluding variations of spellings of the same ethnaspmegsvere
recorded, includingGibisila, iINcothq isiKlenama uMahlokolozaskenamaWhite skenamaumHlabelo

and inDonganazimbomvana Using vegetative characteristics together with leaf and reproductive
characters, nearly doubles the number of spekaswvere distinguished (Table 1). This has implications

for past estimates of the number of species traded in South Africa. Metndle(2007) estimated that

771 plant species are traded in the country, with bulbs comprising 14% of trade. The awvebai of

pl ant species traded may increase (even if only

Character states used in taxonomic studies can either be qualitative or quantitative. As the character is
assumed to be discrete (i.e. thiate is either present or absent), taxonomic differentiation can occur
(Stevens, 1991). However, in most cases, character states are usually found to be continuous, which can
lead to confusion (Steven, 1991). Bulb character states were qualitativeljpe@suond the type of leaf

base (scale or tunic) was the most definitive character between the species in the Amaryllidaceae and
Hyacinthaceae. Although bulb colour was highly continuous, it can be a very useful trait as it is highly
noticeable and can beed to discriminate between groups of species, for example: regéed species

belong to the ethnospecies groupingkénamaisiKlenamaor inDonganazimbomvanaBulb shape and

bulb scale type can then be used to further differentiate between species.

In the Hyacinthaceae, bulb scale type is a discrete, qualitative trait. Bulb scales are imbnchéze
thickened leaves overlap each other in a spiral fashion round the mairaagishe level to which these
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bulb scales overlap, the looseness ohtigness and the O6fl eshinessd of
differentiate between species. In addition, the shape of the overall bulb together with the presence or
absence of a neck region, are also useful tiaitk size is the least useful charadaserit is dependent to

a certain extent on plant age and growth rate. In the caderobustaandD. elatg size may not be a

useful diagnostic characteristic as lardger elata and smallerD. robustamay occur (although not
common).

Bulbs of the Amaryldaceae are tunicated, where numerous tunics form concentric circles around the
main axis. These tunics can differ slightly in colour and also in how fibrous or brittle they may be
however, for the main part, they cannot be used to differentiate betpesass Bulb size and bulb shape

can be useful indicators. Specific characteristics such as whether leaf bases leave the neck region in an
opposite or rosulate manner or overall shape can provide identification at the genus level. However, as
seen with thgossibleCrinum species traded in medicinal markets, a number of species may share size
and shape characteristics (Table 5). These characters are still useful as they provide a method of
narrowing the possi bl e s pec iclmmcteristics are highlysimpartahtimr 6 g
the identification of Crinum species and in many cases; growing medicinal bulbs in greenhouse
conditions may be the only way to determine accurate species identification.

The adaptation of taxonomic informationdaprevious keys (e.g. the adaptation of Verdoorn, 1973) into
more Ovegetatived friendly keys provides ethnoe:q
based on ethnospecies name, and these sources of information are seldom used. rn aitiditio
information gathered on flowering and seeding periods may provide some information, however for
species such a8rinum species, where there is similarity in flowers and bulbs, flowering and fruiting
season is likely to be the same and thus maypadbe best tool. From the use of bulb size and shape and

later on leaf characteristic€;. moorei, C. buphanoides, C. bulbispermumstilmannii and C.
macowaniiwere identified as species that are commonly traded.

Species descriptions adapted frommdagium records, literature and personal observations can provide a
useful compendium of valuable resources for identification, including taxonomic descriptions of
reproductive and leaf characteristics (to enable easy identification if growing themdssarggas well as
internal and external macroscopic descriptions which are not always found in the original species
information. In addition, understanding how the bulbs are sold in the marketB(explubilis is
commonly sold in ¢&aynnmarket and & ckhowrt a§ibisila),ncanFaid rspedies
identification.

Herbarium voucher records can provide species specific information on flowering and fruiting time;
however this information did not provide any characteristics that could be usdtetentiate between
functional types. The data can, however, help researchers assess when planted market material may
flower. Distribution data based on Quaridegree Squares (QDS) collected from herbaria around South
Africa provided some interesting ddta determining functional types. The distributionsofaltissima

and U. epigeadid overlap, butU. epigeaappears to have a narrower distribution. This narrower
distribution may affect population response to harvesting as impacted populations maycheased
harvesting intensity (Map 4a and H)rimia elata and D. robusta showed some overlap in their
occurrencehoweverdue to similarities in dried bulb material and reproductive plant characteribtis,
may not be separate species but raiheobusta(which commonly occurs in the KZN region) may be a
more robust type oD. elata (Map 5). Drimia delagoensisand U. lydenburgensisin terms of bulb
morphology, appear to be separate species. Distribution maps (within South Africa) show thainthere is
overlap andU. lydenburgensisappears to occur solely in Mpumalanga (Map 6). Any harvest may
negatively affect this species.

Recent Red Data assessments (Raimaetdal., 2009) acknowledged that many medicinal plants are
destructively harvested andatted in high volume<Of the species investigated, three were assessed as
Vulnerable by the 2009 Red Data Assessments. These indudetubilisi VU A2ad;D. cooperii VU

A2ad, C2 a (i)C. mooreii VU A4de).B. volubilisard D. cooperihave both suffesd a 30% decline over

the past 30 years (Raimondbal.,2009b and Williams and Crouch, 2008) while C. moorei has declined

by at least 20% over the past 70 years (or two generations). This species is also impacted by predation by
the amaryllis caterpillafWilliams et al.,2009m).
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Drimia sanguineaand U. lydenburgensisvere assessed as Near Threatened (NTa&20NT Blab (v),
respectively) (Williamset al., 2009j and Williamset al, 2009k).D. sanguineahas had a population
decline of 2625% in the lasthree generations (60 years) due to the harvest for the medicinal plant trade
while U. lydenburgensisas an extent of occurrence (EOO) of approximately 15 8&@uhpopulations

are severely fragmented, and this species may become threatened in thi futthrer harvesting leads

to significant declines in population size.

Five species were assessed as Least Cofimmiining, namelyD. altissima, B. disticha, C. stuhlmannii,

C. bulbispermunand C. Macowanii Although declines have been noted, thgsecies are widespread

and declines are not expected to exceed 1Dty U. epigeaandC. buphanoidesvere assessed as Least
Concern.Drimia elata and D. robustawere assessed as Data Deficient because of the taxonomic
uncertainty between the two speciesi(Rondoet al., 2009 a and b; SANBI, 2009; Williamst al.,
2009al). Identification to species level is therefore needed to provide adequate information on the species
specific effects of trade.

Plant populations can be driven to extinction if harvegstircreases to chase an edaninishing yield
(Begonet al.,1986). Medicinal plants are used in a multitude of ways; this suggests that medicinal plants
should be evaluated on a case specific basis (Dzerefos & Witkowski, 2001); however this can only be
achieved if specifiespecific identification of commonly used species is possible. This study is one of the
only studies to use sterile vegetative characteristics for identification of commonly used medicinal species
in South African medicinal markets. \ietgtive characteristics can aid identification and allow for a more
detailed assessment of the implications of trade (Chapter 3 and Chapter 4). This is necessary in South
Africa where there are approximately 27 million users of traditional medicine (Mahdkr2007).
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CHAPTER 3

Sizestructure of commonlytraded bulbs in
South African traditional medicine markets:
Ecological implications

ABSTRACT

Successful adaptive responses for ecosystem management need to be built on an understanding of
resource use and ecosystem dynamics of natural resoBttlespecies used foraditional medicie are
susceptible to oveexploitation beause they areften destructively harvested in large quanstiEour
perennial bulbous genera were surveyed: two in the AmaryllidaBeagplijoneand Crinum) andtwo in

the HyacinthaceadBpwieaandDrimia). Functional taxonomy was used to describe bulinfowvhich are
recognized as distinct by traditional healers but have been synonmysaxohpmists. Based on this
information is also provided obrginea although the genus is currently synonmysed uménia.
Surveys were conducted two national andwo small regionamarkets to determine buthameters and

size structure. Bulb diametsrrecorded in 200Were compared to records from Witwatersrand plant
market surveys from 1995 and 2001 and voucher specimens from South African herbaria. Resués indic
that Bowiea volubilisis the most severely impacted by the medicinal plant trapderoximately 87% of

all B. volubilisbulbs were<4cm in diameterandwere significantly smaller thamliameters recordeith
umuthi markets in 2001 (p<0.0001) and pressedb material in several herbaria (p<0.0001). Large
bulbed Amaryllidaceae specieBoophone distichaand Crinum speciesshowed a decrease in bulb
diameter between the 2001 and 2007 Faraday surveys (by 1.5cm and 2.7cm, respectivelyjginbae
epigea(Hyacinthaceae) showed a 1.2cm decrease in size in 6 igen the general preferences
harvesterdfor larger individuals, ppulations of species of anthropogenic importance should show a
corresponding decrease in the frequency of individuals in Eimgelases and a decreased number of
sizeclas®s. Sizeclassdistributions ofDrimia delagoensisand B. volubilis follow an inverse $haped
curve(i.e. high frequency of small bulb$)usuallyindicative of a regenerating populatidrowever in

this case related to a lack of mature individualdgiHrates ofextraction of larger, reproductive
individualswill result in populationregeneration failure as smallbulbs areunlikely to reach maturity
beforethey areharveseéd All species studied tendedwards smaller market bulb diameters over time.
These trends suggest that without appropriate mitigation, bulb populations will be further impacted in the
future.

Keywords: Amaryllidaceae; bulb; geophyte; Hyacinthaceae; impacts of harvesting; medicamal pl
trade;size-classdistribution
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1. INTRODUCTION

Learning how to deal with uncertainty and adapting to changing conditions brought about by global
change is becoming essential in a world where humanity plays a major role in shaping biospheric
processedrom genetic to global scales (Olssenal., 2004). One such important factor is traditional
medicinal plant use and resource harvestidgbanisation does not preclude the use of traditional
medicine, instead the demand for traditional medicine is imgltban areas and the supply is met by a
network of commercial gatherers who sell to herb traders and traditional healers in the major cities
(Williams et al., 2000). Commercial gathering of medicinal plant resources for trade can be a cause of
major dedhe in populations of popular resources (Cunningham, 1993; Willietred., 2007a) It is
estimated that 27 million people are users of indigenous medicine in South Africa (fihdndeitz,

2006; Manderet al., 2007), and if the harvesting effort incresiseith deteriorating population yields,
harvesting of medicinal plant resources can have adverse effects on harvested ecological plant
communities (Begoet al.,1986; Cunningham, 1996; Willianet al.,2007a).

Successful adaptive responses for ecosystamagement need to be built upon an understanding of
resource use and ecosystem dynamics of natural resources (€ls892004). Populations of popular
medicinal plant species are not only affected by harvesting for the medicinal plant trade, iyt also
disturbances related to agricultural burning, forest clearing, afforestation of grasslands and livestock
grazing (Cunningham, 1993; Botkéaal.,2004), the impact of which is dependent on other aspects such
as intensity, severity, duration and freqog as well as the nature of species affected (Bethal.,
2004). The effects of these disturbances and that of medicinal plant harvesting are often difficult to
assess in certain speci@fie ecological impacts of budlfin the broad sensebpark, roos, gum and resin
harvesting is generally poorly known (Ticktin, 2004). In South Africa, however, the harvesting of whole
plants, roots and bulbgenso strictp is an important part of the medicinal plant trade and totals
approximately 57% of the total plamaterial traded in the Witwatersramdth about 55 species of bulbs

and corms traded in the KwaZuNatal (KZN) markets (Cunningham, 1988; Williamisal.,2007a).

Ecological sustainability may be assessed by directly measuring the rate of exaradtmymparing it to

the rate of natural replacement (Botbkal., 2004b). For bulbous species, however, the impacts of
harvesting are especially difficult to determine in the field as the whole plant is harvested and little sign
remains at the harvesteie. Medicinal uses and the related ethnopharmacology of commonly used bulb
species has been studied in southern Africa (e.g. McCartan and van Staden, 199%tGbg8601;

Elgorashi and van Staden, 2001; Elgorashial., 2001; Pohlet al., 2001; Elgrashiet al., 2003;
Koorbanallyet al.,2004; Koorbanallyet al., 2005a.; Koorbanallet al., 2005b; Kulkarniet al., 2005).

However, few resource use studies have been conducted on bulbous species, although they are
destructively harvested anare often long lived species(taking a long time to reach reproductive
maturity), which makes them highly susceptible to egeploitation (Cunningham, 1988; Cunningham,

2001, Williamset al., 2007a). Studies on the estimated volume of plants purchased by traméde pr
information on resource use and depletion; however, there is a need to determine the impacts of such use
on the populations of commonly used bulbous species (Willetnad., 2007a). Changes in population
structure often occur before major shiftspecies composition or even species loss (Betlad,2004L).

In addition,sizeclassdistributions allow identification of poorly represented life history stages and also

the stages that are affected by variations in harvesting intelgillja(ns et al, in pres$. Changes in
population structure may also indicate declining recruitment (Batthh,2004a).

Bulbous species in medicinal plant markets are often stored for long periods of time, which then affects
the mass and diameter of the bulbs drekizeclassdistribution(Williams et al.,2007a). The effects of

drying on bark samples of popularly used tree species has been investyiliach$ et al., in press3,

however these impacts need to be assessed for bulbous species. A bulb is defisbdraplatdike

stem often bearing a number of thick, fleshy leaves or leaf bases (Dagigier1985). Food and water

is stored in these thickened scales (Cunningham, 2001), and thus the mass and diameter of bulbous
species would be expected totbghly influenced by drying in market conditions.

The trade in South African markets is also fixed, with surveys at South African markets showing that
species composition at different markets is different (see Cunningham, 1988; Mander, 1997; Dold and
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Cocks, 2002; Williams, 2003; and Botle al., 2004). Although the trade iscentredon the large
wholesale markets in Gauteng and KZN, trading occurs in small trading hubs in the Free State, Eastern
Cape and Mpumalanga (Cunningham, 1988; Mander, 1988iakvg, 2003; Dold and Cocks, 2002;
Botha et al., 2001). One sudy suggestd that visiting herbalists creataternationaltrade networks
between South Africa and Mozambique together with smaller networks between South Africa, Zambia,
Malawi and Botswana (Wiams and Wong, 2006)n order to determine the full specisgecific effects

of trade on wild populations, countrywide surveys are required (Williams and Wong, 2006)

The overall aim of this study was to establish the ecological consequences alvdwitg and trade of
commonly used bullspeciesn medicinal plant markets in eastern parts of South Afiite sizeclass
distributionsof commonly used bulbs were determin@dditional factors that also result in variability in

bulb size, such as dng over time different sources of supply and season of collection were also
investigated in order to better understand the ecological implications. The specific objectives are as
follows:

1. To record bulb diameters from South African markets to deterbuiiesizeclassdistributions
for all species studied

2. To compare bullsizeclassdistributionbetween markets to determine markeked differences
between bulb diameters

3. To compare bullsizeclassdistributionswith data collected in 1995 and 2001 t@extain the
effects of harvesting over time

4. To compare bulbsizeclass distributions between bulbs collected from markets and those
collected and pressed as herbarium voucher specimens

5. To use herbarium data to determine the relationship between bulb eliqmet the reproductive
status of wild populations

6. To determine the effects of seasonality on bulb diameters traded in South African medicinal plant

markets

To determine the relationship between mass and diameter for bulb species studied

To determine theffect of drying on bulb diameter and mass

© N

2. METHODS
2.1. SPECIES INVESTIGATED

Four perennial bulbous genera were surveyed in four South African traditional medicine markets: two
genera within the Amaryllidacea8dophoneand Crinum) and twoin the HyacinthaceaeBowieaand

Drimia). Functional taxonomy was used to describe bulb forms which are recognized as distinct by
traditional healers but have been synonmysed by taxonomists. Based on this information is also provided
on Urginea although the genuis currently synonmysed und@&rimia. Previous research has largely
been based on 6ethnospeciesd where the i-Gaeiati fi c
et al., 2006) 6eeChapter 2for details on ethnospecies, species names and tralithames). Species
studied include®owiea volubilisBoophone distichaDrimia altissima D. delagoensiD. elata

D. robusta D. sanguineaUrginea epigeaandU. lydenburgensisCrinumspeciesare also common in the
medicinal markets of South Africapwever species are difficult to identify based on bulb characteristics
and data was collected on the group as a whole. Data collected suggeé3tbthdtanoides,

C. macowanii, C. moorandC. stuhlmanniare commonly tradedBrunsvigiaspeciesareknown by the

same common name &inum speciesnamely uMduze While it is possible to distinguish between
Crinum speciesand Brunsvigia species(Chapter 2),and Brunsvigia specieshave previously been
recorded in the marketsp Brunsvigiaspeciesnaterialwas collectedluring this study.

Bulbous plantsare geophyic, perennial herbs with underground storage organs that have renaigal bu
(buds that initiate growth the negtowing season which are located below greund (Galil, 1980).In

this study, onlybulbssenso strictdhave been studied.n@ of the typical characteristics of mamylbsis
vegetative reproduction by means of bulblets formed in the axils of leaves or scales, the number of which
can range from numerous to few or absent altogether (G88D). In this study, vegetative reproduction

of the spe@s studied ranged from no bulbfermation B. volubilis; B. distich@to few bulbletsand

Page [/'1



occasional clumpingd. sanguinea; D. altissima; U. lydenburgenibulbletformation with no clumping
(Crinum specie¥ and clumping speciedJ( epigeaand D. delagoens)s .Cl émpi ngd or 6cl
individuals refer to numerous daughter bulbs clustered in a radial manner around the parent bulb.

2.2. MARKET DESCRIPTIONS

Two national level and two regiohnaarkets were visited in four provinces around South Africa in order

to assess diameter and mass of bulbous species on sale. Faraday and Warwick medicinal markets are the
two largest herbal medicinal markets in southern Africa (Chazan, 2005, Wilkardls 2005) while

markets in Phutaditihaba and Bloemfontein (Free State) and Nelspruit (Mpumalanga) are small and
informal (Chapter 2 contains details @ach market).

2.3. MARKET SURVEYS

Market surveys were conducted between April 2007 and March 2008 Feraday, Warwick, Free State

and Nelspruit marketsSurveys were stratified random (based on marketpasdion of the stall within

the market) andamples of bulbous species were purchased from traders in each market. In small
informal markets such dselspruit and Free State, only a few traders were encountered, many of whom
did not stockall the speciesinder investigationand surveys took place over a maximum of two days. In

the Warwick market, surveys took place over three days, while in Faradeyeys occurred over
numerous visits between April and November 2007. Where possible, at least ten samples of each species
were purchased. Vernacular name and information on the source of the species were also recorded when
possible. Bulb mass and diame{eneasured across the widest point along the horizontal axis) were
measured in the laboratory. Clustering individuals (numerous daughtdetgutibustered in a radial

manner around the parent bulb) were counted as one large individual and overabrdiendenhaswere
measured. Bulb diameters were used to determinesiméizlassdistributions for species in all markets.

In addition, data from past market surveys conducted iNibhgatersradumuthishopsin 1995 Faraday
umuthimarket 1995and Faradayumuthimarket in2001 (Williamset al.,2007a) was compared against

data collected from the market in 2007.

2.4 HERBARIUM RECORD SAMPLES

Bulb gpecimens fromeven herbarién Gauteng and Mpumalanga wergamined(Chapter 2) Because
of difficulties in pressing and preserving sections through butiesbarium specimens are primarily
composed of flowering material onlyWhenthe herbariumvouchers examinethcludedactual pressed
and driedbulb materialthen bulb diameter was measured across the widasit @long the horizontal
axis and compared to bulb diametéem marketssurveyedin 20072008.Herbarum records provide
information onthesize and reproductive status of wild populations in the past.

2.5. SEASONAL CHANGES IN BULB MASS AND DIAMETER

Williams et al (2007a) suggested thdtere are a greater proportion of smaller bulbs present in the
markets in winter compared to summer because of the tendén@ders to selthe large bulbs first.
Hence the mean size of bullvgould be smaller inwinter. The ability toreplacestockin winteris limited

by bulb dormancy hence bulbsn the markettenced to be larger and heavier at the beginning of
spring/summemhen freshly harvested stocks were obtained (Williansl., 2007a). Winter market
stacks are also composed of predominantly dry bulb materiat€fermine the effects of drying on bulb
sizesclasses, bulbs purchased from the Faraday market in winter (July, 8p@iiy (September 2007)
and summer (Octobé&November 2007) were compared.

2.6. DETERMINING THE EFFECT OF DRYING ON BULB MASS AND DIAMETER

Bulb sample purchased from medicinal markets around the country were planted in the greenhouse at the
University of the Witwatersrand, Johanneshunga 1:1 potting soil to coarse graineahd. Plants were

placed in full sun, were watered once a week and were left for a minimum of three months in order to
reach oO6wetd (maxi mum water content) mass and di
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diameter when both leaves and roots weoelpced When plants reachedveet mass, thewere dug up,
cleaned and photographed. Bulb diameter and mass was measured and then bulbs weire glaced
controlled environment Phytotron chamber in the University of the Witwatersrand at market conditions
(day T°= 20 °C; night T°= 16 °C; day RH =59%, night RH= 66%; length of day = 12 haosditions

that mimic mean night and day conditions in Johannesburg) (Willetnad., 2007b). Bulb mass and
diameter was recorded once a week for a furthe2 weeks Thereafterthe bulbs wereven dried at
65°Cuntil themass stabilised and remained constBatbs were ovedlried for four weeks since ibok
approximately three weeHer the masdo stabilise in the oven®©vendry mass and diameter were then
determned.

2.7. STATISTICAL ANALYSIS

Bulb mass and diameter were {tsgnsformed to approximate normalitgizeclassdistributions from
different markets were compared by means of Kolmog&mwirnov two sample tests. One Way
ANOVAs and t-tests were used toetermine differences in mean bulb mass and diameter between
markets, surveys, herbarium data and seasonal samples, and Fishers LSD was ymesthas dest.
Regression analyses were used to describe the relationship between bulb mass and diandgeteto In or
determine the effects of drying on bulb mass and diameter, the relationship between wet bulb diameter
(maximum water content) and drying bulb diameter over 14 (weekly) time intervals was determined by
means of regression analyses. STATISTCA 6 anckER003 were used for all data analyses and in all
cases the null hypothesis was rejected at p<0.05.

3. RESULTS

Not all species were present at each market (Table 1). Faraday had the greatest of species,
followed by the Free State and Nelspruibharkes. Overall, Crinum specieswere the most common
species and occurred at each markeerestingly, species from the genDsimia/Urgineawas present at
each market.

Table 1:Presence V) and absencel) of bulbs in four South African medicinal plant markets between 2007 and 2008.

Faraday market Free State market Nelspruit Market ~ Warwick market

Boophone disticha
Bowiea volubilis
Crinum buphanoides
Crinum macowanii
Crinum moorei

Crinum stuhlmannii
UnidentifiedCrinumspecies
Drimia altissima

Drimia delagoensis
Drimia elata

Drimia robusta

Drimia sanguinea
Urginea epigea
Urginea lydenburgensis

C<< << <LK LK<
c<<c<cc<cccc<K<
<cccccc<cccccc
c<<<<<K<K<KKc<Kcc<<

3.1. BULBSIZE-CLASSDISTRIBUTIONSIN MEDICINAL MARKETS

Bulb diameter distributions did not differ significantly from a normal distribution for all species in all
markets except foB. volubilis from Faraday, which insteadad a reverse) shapedistribution (K-S

di3= 0.1087; p<0.001)Figure 1) Bulb diameter distributions did not diffeignificantly between
markets foB. disticha, B. volubilis, CrinurspeciesD. altissima, D. delagoensis, D. elata,

D. robusta,and D. sanguinea(p>0.10 in all cases)Sizeclass distributions of U. epgea differed
significantly between Faraday and Warwitk$ d,= 0.128;p<0.01) with a greater number larger size
classes present at Faraday than at Warwick (Figure 1). There was no difference betetar ttvo and

the Free State markets (p>0.10).
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There were four major patterns sizeclassdistributionsrecorded for bulbs collected in 2007 and 2008.
Boophone disticha, CrinuspeciesD. altissimaandD. sanguineéhad distributions that were skewed to
the right with lower frequencies ofmalkr bulbs present in the marketd-igure 1)and a declining
frequency of very large bulbs, especially €@rinum speciesThe second pattern was characterised by a
relatively normal distributionbut withvery low numbers of smablulbs (Figure 1)e.g.D. elataandU.
epiged. Drimia robustahad a bellshaped distribution; however, medium sized buwliese less frequent

in the marketThefourth pattern follows the classic inverdeshaped curve, which is very pronounced in
B. volibilis and to a lesser extent . delagoensigFigure 1).No clear pattern was observed far

3.11. Sizeclassdistributions

lydenburgensislue to the small sample size.
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Figure 1: Bulb diameter sizglass distributions in Faraday, Warwick and smaller Free State and Nelspruit markets between 2007
and 2008 for Boophone disticha, Bowiea \mligs, CrinumspeciesDrimia altissima, Drimia delagoensis, Drimia elata, Drimia
robusta, Drimia sanguinea, Urginea epigea and Urginea lydenburgensis

3.2. SOURCES OF SUPPLY OF BULBOUS SPECIES
3.2.1 Overall sources of supply in medicinal markets irv 20 2008

A large percentage of traders had bulbs that were collecté@ i (Table 2). The remainder of the
sources of supply was specigsecific, and were most diverse r sanguinea Boophone distichand
U. epigeahad four sources of supp{fable2). Bowiea volubilis, D. altissimandD. elatabulbs tended
to come from only three provinces including KZN, wh@lginum speciesand D. robustawere only
collected in one province other than KZNrginea lydenburgensisias only collected in Mpumalanga
while D. delagoensisvas only collected in KZNTable 3.

Table 2: Overall percentagesources of supplySouth African Provinces and neighbouring countriespf bulbs in Faraday,
Free State and Warwick markets collected between 2007 and 20@ercentages bsed on number of traders (n) that
responded across all markets.

GP KZN EC MP FS NW  Swaziland Lesotho

Boophone distichén=27) 4% 89% 4% - - - - 4%
Bowiea volubilign=10) 40% 50% - - - - 10% -
Crinumspeciefn=25) 12% 88% - - - - - -
Drimia altissima(n=>5) 33% 50% 17% - - - - -
Drimia delagoensign=6) - 100% - - - - - -
Drimia elata(n=12) - 59% - - 33% - - 8%
Drimia robusta(n=19) - 94% - 6% - - - -
Drimia sanguinegn=18) 22% 32% - 6% 28% 6% - 6%
Urginea epigegn=21) - 80% 5% 10% - - 5% -
Urginea lydenburgensisn=1) - - - 100% - - - -
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3.2.2. Comparisons of sources of supply over time

In 20072008, traders, harvesters and traditional healers were reticent about divulging the whereabouts of
harvested specigsesulting in the numbers of ttars interviewed foprevious surveybeing larger. Te

primary source of supphfor bulbs soldin the Durban (1988)Witwatersrandumuthi shop (1995),
Faraday (2001), Faradg®007) and Warwick (2008) surveyswas KZN (Figure 2). Crinum species

howed the éastvariable source of supplgver time.Bowiea volubilisshowed the greatest change over

time in the Durban markets, withe 1988 survey showing a wide variety of sources (Eastern Cape, Free
State, Gauteng, Limpopo and Swaziland), while in 2008 thesbwhre either collected in KZN or
Gauteng (and very rarely seen in the market). In Gauteng, the same pattern vgiteesrore diverse
sources in 1995 compadto 2001 and 2007, however in all three samples; the main source was Gauteng
(Figure 2.

Drimia speciegFigure 2) had very similar sources between 1988 and 2008 in Durban. In Gauteng, the
1995 survey had the most diverssurcesihowever this may be becaussuthi shops have access to
variousmethods of obtaining bulbous species. The 2001 and Batday surveys had similar sources
(mainly KZN and Gauteng), although the 2G@imple is more diverse (Figurke 3ources of supply were

the most diverse fol. epigeain the 1995unuthi shop survey. The 2007 Faraday survey was more
diversethan the 200kurvey,with a number of bulbs coming from Mpumalanga and not just Koy,
Boophone distichan the 1995 urmuthi shop surveysources were more diverse thde 2007 Faraday
survey(Figure 2, with a larger percentage of bulbs being collected in KZN mad&y in 2007 than 1995.
General trendéndicatethat for most species the sources of supply in the markets are becoming more
diverse over timeThis suggests that the harvesters are increasingly compelled to search further afield
over time to meet the gnang demand. It may also indicateat local or previous sources of supply have
become depleted.
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Figure 2: Percentage sources of supply of bulbous species in Durban (surveyed in 1988), Witwatersrameuthi shops
(1995), Faraday (2001 and @)7), Free State (2008) and Warwick (2008) market®ercentages based on number of
traders (n) that responded in each market.

3.3. MEAN DIAMETER OF BULBOUS SPECIES IN FOUR MARKETS

There were significant differences in bulb diameter between markeisvotubilis, Crinumspeciesand

D. sanguinea(p=0.002; p=0.006 and p< 0.001, respectively) (Figure 3). Bulbs tended to be largest in
Faraday and smallest in Free State for l&&rihumspeciesandD. sanguinegFigure 3).Bowiea volubilis

bulbs were signifiantly larger in the Free State market compared to Faraday and Warwick (Figure 3).
Bulb diameters did not differ between marketsBordisticha D. altissima D. delagoensisD. elatg D.
robustaandU. epigealn general, the diameters of bulbs sold ardday tended to be slightly larger than
those at the Warwick or Free State markets (Figure 3).
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Figure 3: Mean (+ SE) bulb diameters for nine bulb species sold at Faraday, Warwick, Free State and Nelspruit matk
between 2007 and 2008. Results of Oivéay ANOVAs and t-tests included. Means with different letters are significantly
different (Fishers LSD, p<0.05).

3.3. EFFECTS OF HARVESTING ON BULB DIAMETERS
3.4.1. Reported bulb diameters in literature
Bulb damete ranges and means collected from taxonomic descriptions of species in the literature did not
provide enough replication for statistical analydike diameter range®portedin the literature were

relatively narrow in comparison to the bulb diameter eamgcordedn South African markets between
2007 and 2008 (Figurd.
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Fig
Figure 4: Market bulb diameters (mean + range) of nine species and the Crinuspeciegcollectively) from four markets
between 2007 and 2008 (black dimond = mean, range = stippled rectangles). Diameter ranges reported in the literature
are represented by the error bars (derived from Baker, 1896; Dyer, 1942; Dyer, 1947; Verdoorn, 1943; Verdoorn, 1973;
Jessop, 1977).

The mean diameter of bulbs reportedthe literature tended to be greater than those observed in the
market (Table3). The relative difference (%) betweeliameters reported in thigerature andthose
recorded in thenarkes showed thaB. volubilisin the markets is approximate®7% smé#er thanwhat

was reported in the pagfable3). The largebulbedB. distichaand Crinum speciesare more than 30%
smaller than previously reportéd0% and 37.% respectively). The smallestlative differencen bulb
diameter wa®bservedn D. delago@sis (2.9). In contrastD. sanguineabulbs were slightlylarger in

the markes compared to records in the literat(fiieable 3), and there was virtually no difference in sizes
for D. delagoensiandD. elata.

Table 3: Comparisors between 2007 market and histotical literature bulb diameters (Baker, 1896; Dyer, 1942; Dyer,
1947; Verdoorn, 1943; Verdoorn, 1973; Jessop, 1977

Diameter
Market(mearx SE) Literature Difference Relative difference
Species (cm) (meanjcm) (cm) (%)
(a) (b) (ab=c) (c/b)*100

Boorhone disticha 8.9+0.3 15.0 -6.1 -40.7
Bowiea volubilis 2.6+0.07 8.0 -5.4 -67.5
Crinumspecies 9.4+0.4 15.0 -5.6 -37.3
Drimia altissima 9.310.4 12.5 -3.2 -25.6
Drimia delagoensis 6.8+0.4 7.0 -0.2 -2.9
Drimia elata 5.6+0.13 6.0 -0.4 -6.7
Drimia robusta 7.7+£0.3 9.0 -1.3 -14.4
Drimia sanguinea 7.8+£0.2 7.0 0.8 114
Urginea epigea 8.7+0.4 125 -3.8 -30.4
Urginea lydenburgensis 6.7£0.5 10.0 -3.3 -33.0

3.4.2.Change in bulb diameters over time

Overall, there was a general decline in bulb diameter twer for all speciesBowiea volubilisbulbs
were significantly smalletby approximately 4cm) in 2007 than in 20@1Faraday (p<0.0001(Figure
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6). Drimia speciegD. altissima, D. elata, D. robus&ndD. sanguineabulb diameters were significantly
smdler in Faradaythanin the umuthi shops in 1995(p<0.0001). Within thérimia specieggroup there
are largebulbed(D. altissima D. robustg, mediumbulbed(D. sanguineaand smaHbulbed specieD.
elatag), and theproportions ofeachspeciesvaried betwveenmarkets(Table 4 Figure 5) Bulb diameters
werenot significantly diffeentbetween studies fd. distichaandU. epigea(Figure §.

Table 4: Percentage composition ofour Drimia speciesin Faraday market in the 2001 and 2007 surveys and 2007
purchased bulb samples.

Drimia altissima Drimia elata  Drimia robusta  Drimia sanguinea

Percentage of sample: 2007 (%) 14 31 10 45
Estimated % in Faraday: 2007 25 10 5 60
Estimated % in Faraday: 192901° 440 460

§ Williamset al.,2007a: exact proportions not known because the genus was grouped due to taxonomic uncertainties

2| Crinumspp.: F444 = 3.0733 ; p= 0.0256 Drimiaspp.: F3,205= 51.066; p <0.0001

[
o

Bulb diameter (cm)
8

0

D. elata D. robusta D. sanguinea D. altissima

C.moorei ~ C.macowanii C.stuhlmannii C.buphanoides Crinumspp.

Figure 5: Mean (xSE) bulb diameters in Faraday market (2007) for gecies within the Crinum and Drimia species
grouping. Results of OneWay ANOVAs are included. Means with different letters are significantly different (Fishers
LSD: p<0.05).

There was a slight decreaseGrinumspeciedulb diameters between 2001 and 200Faraday (Figure
6); however the effects of grouping species may act to obscure effects of trade. With@ritiuen
speciesand Drimia speciescomplex,meanbulb diameters difired between species (Figure Braded
Crinum speciesincludel the smallerbulbs of C. mooreiand C. buphanoidesthe large bulbedC.
stuhlmannij and an unidentified spcies The proportion of eachpecies occurring in the market at any
one time may be different (Tablg,5nd this wouldffect themeanoverall bulb diameterearded during

a survey(Figure §. For examplein 2001 there may have been a largeoportion of large bulbed
Crinum speciessuch asC. stuhlmanniiand C. macowaniirecordedwhich would hence maskhe
measurablémpactof harvesing and trade over time

Table 5: Crinum species composition in Faraday, Free State, Nelspruit and Warwick market in 2007/2008.

Species Crinum Crinum Crinum Crinum Unidentified
buphanoides macowanii moorei stuhlmannii Crinumspecies

Faraday (%) 40.8 12.2 10.2 14.3 22.4

Free Sate (%) 0 0 0 0 100

Nelspruit (%) 0 0 0 0 100

Warwick (%) 0 0 70.8 0 29.2
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Figure 6: Mean (x95% CI) bulb diameters for species sold in Faraday market (1995, 2001 and 2007) and Witwatersrand
umuthi shops (1995). Results of OR#/ay ANOVAs included. Means with different letters are significantly different
(Fishers LSD: p<0.05).

3.4.2 Comparisns with herbarium record diameters

Herbarium voucher specimens provide another important source of historical bulb size. However, unlike
means and ramg reported in théterature(Figure 4; Table B bulb drying is anoticeablefactor when
comparing dametersin general, herbarium voucher specimand market bulb diameters were similar,
although market diameters westien slightly smaller (Figure)7Bowiea volubiliswas the only species
where bulbs from the market wesignificantly smaller than bl specimens in herbar{@.4cm smaller

p< 0.0001)Figure 3.
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Figure 7: Mean (+ SE) bulb diameters for species in medicinal markets and bulb diameters measured from herbarium
vouchers. Results of two sampletests are included. Means with different letters are significantly different (P<0.05).

3.5 BULB DIAMETER AND REPRODUCTIVE STATUS OF PRESSED
HERBARIUM SPECIMENS

Bulb material is not often pressed and dried because of the difficulty assaeithtaélis (N.R. Crouch,

pers. comm.). Thengerea large number of herbarium specimens without associated bulbah@able

6). In order to relate the diameter of pressed bulb material to the market diameter of recently harvested
bulbs (and hence the diameter that the herbarium specimens might have been when collected), the
relationship between wet and oven dry ditere was determined. The regression between-dried

diameter and original diameter showed a relatively strong linear regression witivaiheerof 0.75 when

all bulb species were combined species (Figure 8).
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Table 6: The percentage of herbarium spgmens with bulbous material, mean (+SE) bulb diameter, minimum flowering
diameter, and temporal range of collected herbarium specimens.

Species Sample % herbarium specimens Mean (xSE) bulb  Minimum flowering Temporal range
size (N) with bulb material diameter (cm) diameter (cm) (calendar years)
Boophone disticha 34 11.6 9.4+09 3.6 18922002
Bowiea volubilis 5 4.7 5.0+ 0.6 23 19261998
Crinumspecies 23 7.3 10.9+0.6 4.4 19121984
Drimia robusta 3 6.8 85%22 2.8 19591979
Drimia sanguinea 5 6.2 6.4+0.8 45 19571995
Urginea epigea 2 6.5 10.3+£25 7.7 19521987

However, when linear regressions were conducted for different bulb species, different patterns emerged.
Largebulbed Amaryllidaceae species had strong linear regressiindigticha i r’=0.98; p<0.001;

Crinum species r’=0.90; p<0.001)nd the difference between oven dried diameter and original (wet)
diameter was not very large (Figure Bpwiea volubilisalso had a very higtf-value (0.93), as di®.
altissimaandD. delagoensi (0.89 and 0.88; respectivelf)<0.001 in all casesprimia elata, D. robusta

and U. epigeahad relatively weak linear regressions (0.68; 0.40 and 0.63, respeciivly00).
However,D sanguineaand U. lydenburgensisiadthe no correlation between @wdried diameter and
original diameter with%values of 0.07 and 0.29, respectively and p>0.05 in both cases (Figure 8). For
the latter, it most likely related to small sample size (n=3), howevervitanguineathe dried bulb
oftenbreals apart whiclwould therefore lead to very smalen dried bulb diameters.

20 20
All species o Boophone disticha:
y=29+0.8x y= 0.63 + 0.95x
P 2= 0.75 _ 2 _
£ 15 £ 15 =098
A p < 0.001 S p < 0.001
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© ©
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5 5
5 5 6 5
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0 5 10 15 20 0 5 10 15 20
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20 20
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Figure 8: Regression relationships between overied (dry) bulb diameter (cm) and original diameter (cm) for all species
combined, six bulbous species, the genuSrinum and the genus Drimia collected in Faraday and Nelspruit markets in
2007 and Warwick and Free State markets in 2008.

Using thespeciesspeific regression between owvelied and original diameter (Figure 8), there was a
large increase in herbarium bulb diameterBowolubilis(33.246) and forD. robusta(23.4%6) (Table 7).
Drimia sanguineaalso had a large increase in herbarium diameteB%20.however, the regression
relationship for the species was very lo=(.07; Figure 8). Using the combind@rimia species
regressionthe increase in herbarium diamefer D. sanguineawas even higher (40.6%{)lable 7).
Largebulbed species showed thmallest increase in estimated original herbarium diameter (1.6% and
13.9%) for B. distichaand Crinum spp, respectively). These are both Amaryllidaceae species with
numerous tunics that do not separate whengstimated minimum flowering size waially greater for

D. robusta(124%),B. volubilis(60.499, U. epigea(36.2%) andCrinum specieg34.5%) (Table 7). The
smallest increase was once againgodisticha(12.5%).

Table 7: Estimated original bulb diameter for herbarium material and percentagechange from herbarium diameter and
estimated diameterfor six species usig regression equations from Figure 8.

Species Regression Mean Estimated % Min Estimated %
equation herbarium  original  Difference flowering original Difference
diameter bulb (b- diameter minimum
(cm) diameter a/a)*100 (cm)(c) flowering size (d-
(a) (cm) (b) (cm) (d) ¢/c)*100

Boophone disticha y=0.63+0.95x 9.4 9.6 1.7 3.6 4.1 12.5
Bowiea volubilis y=1.16+1.1x 5.0 6.7 33.2 2.3 3.7 60.4
Crinumspecies y=1.52+1.0x 10.9 12.4 13.9 4.4 59 34.5
Drimia robusta y=4.2+0.74x 8.5 10.5 23.4 2.8 6.3 124.0

Drimia sanguinea
(speciesspecific

regression) y=6.9+0.13x 6.4 7.7 20.8 4.5 7.5 66.3
Drimia  sanguinea
(Drimia species
regression) y=3.5+0.75x 6.4 9 40.6 4.5 6.8 52.7
Urginea epigea y=5.1+40.7x 10.3 12.3 19.5 7.7 10.5 36.2

3.6. THE RELATIONSHIP BETWEEN BULB DIAMETER AND MASS

The strongestegression between market bulb mass (g) and diameterfdcright species waas power
curve(Figure9). The relationship was strongest for the smategbs B. volubilis r*= 0.98) followed by
the largest bulbsQrinum speciesr?= 0.96). The weakest powenrveregressionsverefor the strongly
clustering specied. delagoensisindU. epigea(r’= 0.80 and 7= 0.75respectively. D. robustahad a
strong logarithmic relationship between bulb mass and diaméte® @8), whileU. lydenburgensisad a
relatively strong linear relationship?& 0.81). Overall, bulb mass increasgith bulb diameter (Figure
9).
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Figure 9: Regression relationships between market (filled symbols) and overny (open symbols) bulb mass (g) and
diameter (cm) for bulbs collected in Faraday and Nelspruit markets in 2007 and Warwick and Free State markets in
2008.

Differences in bulb madsetween the marketgere more pronounced thalifferences in bulb diameter
(Figure 9; Table B Mass can be influencdtie length of timea bulb isin storage and resultsuggest
that compared tdoulb diametes, bulb mass is likely to decline more oube same measured time
period. The mass oB. volubilis, D. delagoensis, D. sanguinemd U. epigeawere all significantly
different between markets (p<0.001; p=0.005; p<0.001 and p=0.022 respeciiadl 8).

Table 8 Comparisons of mean (+SE) mass dhdividual bulbs purchased from Faraday, Free State, Nelspruit and
Warwick markets in 2007/2008.For each pecies different letters indicate significant differences between marketsand
significant p-valuesin bold (p< 0.05).

) Mean (£SE) individubbulb mass (g) t- value/
Species P value
Faraday Free State  Nelspruit Warwick F-value
Boophone disticha 688 + 74° 532 + 247 - 847 + 137 Fo56=0.377 0.688
Bowiea volubilis 17.4 + 22 219 + 170° - 122+ 3 F, 370= 6.668 0.001
Crinumspecies 884 +131%° 172112 292+ 123 485 + 697 F =3.937 0.011
Drimia altissima 553 + 58° - - 353 + 46" t44=0.175 0.862
Drimia. delagoensis 123 + 20° - - 242 + 50° t4=-2.971 0.005
Drimia elata 106 + 72 88.7+ 22 - 75.4 + 77 F114=1.526 0.22
Drimia robusta 474 + 907 - - 326 + 607 t45=1.853 0.070
Drimia sanguinea 289 + 207 123 + 44° - 190 + 18 Fp6,=12.181 0.001
Urgineaepigea 493 + 53 99.5+ 43° - 284 + 33 F, 64=4.023 0.022

Urginealydenburgensis - - 152 + 16 - - -

3.7. SEASONAL CHANGES IN BULB MASS AND DIAMETER

In Faraday, seasonal differences in bulb mass and diameter appears to besppeifieand significant
differences in bulb diametawere recordedor B. volubilis (p< 0.001),D. delagoensigp=0.009),D.
robusta (p= 0.043) andJ. epigea(p< 0.001).There were also significant differences in bulb mass for the
same specie§ <0.001; p= 0.026; p= 0.019 and p<0.0@%pectively (Table 9. Bulbs purchased in
September 200Were usually smaller than bulbs purchthgée OctobefDecember 200and July/August
2007.
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Table 9: Seasonal differences between mean (+SE) bulb mass (g) and diameter (cm) for species collected at Faraday

market between July and December 2007. Means with different letters are significantly diffemé (p<0.05) and significant
p- values are highlighted.

. October F-value / p
Species July-August 2007  September 2007 December 2007 tvalue value
o Diameter (cm) - 9.1+ 0.6 9.6+ 0.5° tz;= 0.829 0.413
Boophone disticha A
Mass (g) - 689.8+ 96.2 684.3+ 10 t31= 0.577 0.567
_ = Diameter (cm) 5.2+ 0.2 2.2+0.7 5.9+ 0.4 Fs 37=141.1  <0.001
Bowiea volubilis
Mass (g) 69.4+ 6.6 7.9+ 1.0 108.7+ 24.3 F, 327=154.7  <0.001
) ) Diameter (cm) 11.1+ 1.8 - 10.2+ 0.6 t;7=-0.613 0.543
Crinumspecies
Mass §) 1142.9+ 513.9 - 837.7+132.2 t47=-0.403 0.688
o o Diameter (cm) 12.2+ 0.6 9.4+ 0.4° 8.8+ 0.7 F, 41=1.656 0.203
Drimia altissima '
Mass (g) 815.0+ 20.0 530.9+ 80.9 464.3+ 80.6 F’ 41=1.121 0.335
L . Diameter (cm) - 49+0.3 7.3+ 0.6° t34=2.761 0.009
Drimia delagoensis
Mass (g) - 70.4+ 8.22 148.4+ 27.8 t34=2.326 0.026
. Diameter (cm) 4.38+ 0.3 5.9+ 0.8% 5.7+ 0.22 F,06=2.381 0.097
Drimia elata b
Mass (g) 46.1+ 8.4 116.1+ 30.0 110.1+ 7.5 F»06=3.997 0.022
o Diameer (cm) 10.9+ 0.7 8.1+ 0.8 - t15=-2.246 0.043
Drimia robusta
Mass (g) 978.3+ 184.9 382.6+ 92.2 - t15= -2.656 0.019
. . Diameter (cm) 10.1+1.4 6.0+ 0.7 10.3+ 0.5 F,3=23.942 <0.001
Urginea epigea
Mass (g) 857.5+ 312.5 159.9+ 58.4 578.5+55.2 Fo38=21.28  <0.001:

3.8 THE EFFECT OF DRYING ON BULBS

There is a remarkable consistency in the mean water loss (% of total original mass). For all species, the

highest percentage water loss occurred between wekntl oven dried nsa (Figure 1P The
percentagevater lossover12 weeks was approximately 40% for all species.
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Figure 10: Mean (NSE) water |l oss per time period (as

original mass, Wl= W]mass'WOmass; W2= Wzmass'Wlmass; W3= W3mass'W2mas§ W4= W4mass'W4mas§ W5= W5mass'W4mas§

W6= W6assWSmass W7= W71assWbinass W8= W8ass W7 mass WO=

WOnmassW8mass W10= W10nassW9mass W1l=

W1lhassW10mass W12= W12,,sW11.ss Wdry = mass after being oven dried. WV dry is the total water loss per time

period (i.e. afterbeing oven dried).

Percentage decrease in diameter diee was much less apparéhan change in mass (Table)1The

greatest weekly decrease was during weddufiweekly decreasén generalwerelow, with a maximum

a

per

of 12.5%week for U. epigea Soft fleshy bulbs in the Hyacinthaceae decreased to a greater extent.

Harder, more compact bulbs.§.D. altissima D. sanguinen decreasedn diameterto a lesser extent

(4.3% and 3.1%veek respectivel y).

The rel ati on sdwying

diameter for weeks one to twelve, showed a similar trend in all speéiealu@s were greatest in the first
week and decreased with time. The relatiorshgiween weanddry diametes had the lowest’rvalues

(Table 1). Sample size was an impant factor and?values

were lower for species witwer sampls.
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Table 10: Weekly percentage decrease in bulb diameter (mean +SE); the overall difference in wet and oven dried bulb
diameter (WO-W13); wet and week 12 diameter (WON12) and diameter derease between week 12 and oven dried
diameter (W12-W13) (Vernier callipers had a precision 000.01mm).

Boophone Bowiea | Crinum Drimia Drimia Drimia Drimia Drimia Urginea Urginea
disticha volubilis | species altissima delagoensis elata robusta | sanguinea | epigea lydenburgensis
n=16 n=23 n=20 n=14 n=21 n=22 n=21 n=8 n=20 n=3
WO-W1 03006 | 85:0.9 | 3.2¢0.6 | 4.3+1.01 8.3:0.9 612 | 0| 31:06 | 125411 6.5+1.6
W1-W2 0.1:0.06 33t05 | 1.4:08 | 1.3:0.69 2.5£0.6 2:04 | 4.4%04 | 13:05 | 4.4+0.4 1.5:0.4
W2-W3 0.2+0.06 26:05 | 2.1:04 | 081:029 | 22:0.4 2:05 | 3.3:03 | 13t06 | 2.8:0.3 2.1+0.9
W3-W4 0.140.06 19:04 | 1.7+0.4 | 0684022 | 1.8:0.4 1404 | 2.4%0.3 241 2.1:0.4 2.1+1
W4-W5 0.240.06 14:03 | 1.9:04 | 048+0.15 | 2.8:1.4 2403 | 15405 | 1.3+05 | 1.6:0.3 3431
W5-W6 0.1:0.06 1804 | 1103 | 0.54%0.2 1.3+0.4 2:04 | 1902 | 22:09 | 1.3+0.2 1.6+0.6
W6-W7 0.1:0.06 1805 | 0.9+0.2 | 053015 | 1.240.2 2:03 | 1.4+0.1 | 09:06 | 1.1+0.1 1.8+1.2
W7-W8 0.04:0.06 | 1.9+0.5 | 1.10.3 | 0.52:0.19 | 1.6:0.3 2:03 | 1.8:0.2 | 08t03 | 1.4+0.2 1.1:0.8
W8-W9 0.03:0.07 | 1.7+0.5 | 0.7+0.1 | 0.56:0.13 | 1.6:0.3 2:03 | 18404 | 07:03 | 1.3:0.2 4.8:2.2
W9-W10 0.04:007 | 1403 | 05:0.1 | 7.9+7.3 1.6:0.3 2403 | 1202 1306 | 0.7:0.1 2.8:0.3
W10-W11 0.140.06 13:03 | 0601 | -6.7:7.3 1.7:0.4 1403 | 15:0.2 | 1.9+0.8 | 08:0.1 1.8:0.5
W11-W12 0.1:0.06 00:02 | 12:03 | 1.01:022 | 3.8:06 2:03 | 51439 | 04:07 | 04406 1:0.8
W12-W13 038:006 | 25 | 1O 74047 04135 | 26:6.1 | D™ | 1034151 | 637423 4532
WO-W13 1.4+0.06 28.5+2 16'3211' 92.6:4.7 | 346:3.4 | 50£6.4 | 93.2+1 | 51149 | 9111 30.9+3.5
WO-W12 1.4£0.06 2'830'2 1'7;—’0'1 112411 | 25.2:2.3 0.28311. 34'31'3' 15.4+2.1 | 27.3:1.8 26.4+1
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Table 11: Regression equations and R2 values for linear regressions between original bulb diameter (x) and bulb
diameters {y) at W1 to W13 (dry diameter).

Boophone Bowiea Crinum Drimia Drimia Drimia Drimia Drimia Urginea Urginea
disticha volubilis species | altissima | delagoensis elata robusta sanguinea epigea lydenburgensis
n=16 n=23 n=20 n=14 n=21 n=22 n=21 n=8 n=20 n=3
w1 y=- y=- y=- y=- y=- y=- y =- y=-0.93+ | y=1.7+093x | y=43.4+
0.02+0.15 | 0.41+0.10 | 0.06+0. | 0.25+0.9 | 3.3+0.98x 0.20+0.98x | 7.71+1.0x | 0.98x r2=0.99 0.23x
X X 97x 8x r2=0.99 r2=0.98 r2=0.99 r2=0.99 r2=096
r2=0.99 r2=0.99 r2=0.98 r?=0.98
W2 y=- y=- y=- y=- y=- y=- y=- y=- y=- y=-
0.04+0.10 | 0.50+0.10 | 0.16+0. | 0.17+0.9 | 4.62+0.98x | 0.30+0.97x | 8.20+1.0x | 1.10+0.97 | 0.10+0.93x 17.7+1.30x
X X 97x 6X r2=0.99 r2=0.97 r2=0.99 X r2=0.98 r2=0.84
r2=0.99 r2=0.99 r2=0.99 ?=0.97 r2=0.99
w3 y=0.06+0. | y=- y= y=- y=- y=- y=- y=251+ | y=- y=-
11x 0.28+0.09 | 0.11+0. | 0.12+0.9 | 4.96+0.97x | 0.49+0.99x | 8.22+1.0x | 0.98x 1.00+0.92x 43.4+1.71x
r2=0.09 X 92x 5x r2=0.99 r2=0.97 r2=0.988 | r2=0.99 r2=0.98 r2=0.78
r2=0.99 r2=0.98 r2=0.97
W4 y=- y=- y= y=- y=- y=- y=- y =-4.53+ y=- y=-
0.06+0.10 | 0.36+0.09 | 0.03+0. | 0.22+0.9 | 5.06+0.96x | 0.49+0.98x | 8.13+1.0x | 0.98x 1.51+0.91x 16.4+1.23x
X X 91x 5x r2=0.99 r2=0.97 r2=0.99 r2=0.99 r2=0.97 r2=0.19
r2=0.99 r2=0.99 r2=0.97 r2=0.97
W5 y=- y=- y=- y=- y=- y=- y=- y = y:_1_92+ y=-
0.07+0.10 | 0.43+0.09 | 0.21+0. | 0.30+0.9 | 6.83+0.97x | 0.54+0.97x | 8.64+0.99 | 5.12+0.98 | 0.91x 57.1+1.90x
X X 92x 6X r2=0.99 r2=0.96 X X r2=0.97 r2=0.20
r2=0.98 r2=0.98 r2=0.95 r2=0.97 r2=0.99 r2=0.98
W6 y=- y=- y=- y=- y=- y=- y:-8.43+ y=- y=- y=-
0.08+0.10 | 0.48+0.09 | 0.32+0. | 0.29+0.9 | 7.62+0.97x | 0.61+0.96x | 0.99x 8.90+1.0x | 0.74+0.89x 19.7+1.23x
X X 92x 5x r2=0.99 r2=0.96 r2=0.98 r2=0.96 r2=0.96 r2=0.07
r’=0.98 r’=0.98 r’=0.94 ?=0.97
W7 y=- y=- y=- y:79. y=- y=- y=- y=- y=- y=-
0.09+0.10 | 0.52+0.09 | 0.22+0. | 0.24x 7.50+0.95x | 0.68+0.96x | 7.81+ 15.2+1.10 | 0.70+0.89x 107.8+2.75x
X X 90x r2=0.02 r=0.98 r2=0.95 0.97x X r2=0.96 2=0.20
r2=0.98 r2=0.97 r2=0.94 r2=0.97 r2=0.96
w8 =- =- =- =- =- =- y=- y=-11.9+ =- =-
0.09+0.10 | 0.61+0.09 | 0.34+0. | 0.53+0.9 | 8.12+0.96x | 0.76+0.96x | 10.0+ 1.0x 0.98+0.89x 118.6+2.93x
X X 90x 7x r?=0.98 r2=0.95 0.99x r2=0.95 r2=0.96 r2=0.33
r2=0.97 r2=0.97 r2=0.94 r2=0.96 r’=0.97
w9 y=- y=- y=- y=- y=- y=- y=- y=- y:_0_87+ y=-
0.06+0.99 | 0.69+0.09 | 0.31+0. | 0.46+0.9 | 8.67+0.95x | 0.71+0.94x | 17.3+1.0x | 4.20+0.89 | 0.87x 46.3+1.63x
X X 89x 5X r2=0.98 r2=0.93 r2=0.94 X r2=0.95 r2=0.83
r2=0.99 r2=0.97 r2=0.93 r2=0.96 r2=0.90
W10 y=- y=- y=- y=- y=- y=- y=- y=- y=- y=-
0.08+0.10 | 0.75+0.09 | 0.43+0. | 0.62+0.9 | 9.55+0.96x | 0.72+0.93x | 9.44+0.9x | 12.3+1.00 | 1.73+0.88x 16.6+1.09x
X X 88x 0x r?=0.98 r2=0.93 r2=0.96 X r2=0.95 r2=0.70
r’=0.98 r’=0.97 r’=0.93 ?=0.43 r2=0.95
wii y=- y=- y=- y=- y=- y=- y= y=- y=- y =222+
0.09+0.10 | 0.76+0.09 | 0.31+0. | 0.59+0.9 | 9.44+0.94x | 0.77+0.93x | 10.73+ 15.8+1.00 | 2.51+0.89x 0.41x
X X 90x 6X r2=0.98 r2=0.93 0.99x X r2=0.95 rr=0.14
r2=0.98 r2=0.97 r2=0.92 ?=0.96 r’=0.96 r2=0.96
W12 y=- y=- y=- y=- y=- =- y=- =- y=- y:_32.8+
0.11+0.10 0.76+0.09 0.06+0. 0.76+0.9 | 10.9+0.94x 0.62+0.89x | 14.61+1.0 | 13.9+1.0x 3.22+0.88x 1.35x
X X 84x 7X r2=0.98 r2=0.92 X r2=0.96 r2=0.95 r2=0.45
r2=0.97 r2=0.96 r2=0.92 r?=0.96 r2=0.94
W13 y=- y=- y=- y=- y=- y=2.6% y =1.81+ y =328+ y=-429+12x | y=-
0.05+0.10 | 0.79+0.08 | 0.50+0. | 7.3+1.79 | 7.95+0.24x | 0.25x 0.81x 0.52x r2=0.50 113.8+2.72x
X X 90x xr2=0.49 | r=0.48 r2=0.10 r2=0.14 r2=0.07 rr=0.13
r2=0.98 r2=0.93 r2=0.9

4. DISCUSSION

4.1. BULBSIZE STRUCTURE

The ecological consequences of the harvest and trade of medicinal bulbs depend on numerous factors.
The dynamics of natural populations are dependent on enviréainfesures and external pressures that

differ in both time and space (Gervais and Regan, 2007). Variations in the attributes of individuals within
the population create internal structures that can be defined among ages, sizes, developmental stages anc
reproductive status (Menzé al.,2007). In addition, species respond differently to disturbances based on
their position on the continuum betweeselected and-kelected life history strategies (Bothaal.,

2004a). Commercial harvesting of commonged medicinal plant populations can have negative effects

on the harvested ecological plant communities (Begbml., 1986), especially on geophyte life forms

which tend towards -kelected strategies with slow development and long life spans (Soletabn

2002). Changes in population structure often occur before major shifts in species composition or even
species loss (Bothet al.,2004a and b. In addition,size-classdistributions allow identification of poorly

Page pP1



represented life history stages armk tstages that are affected by variations in harvesting intensity
(Williams et al.,2011). They may also indicate declining recruitment (Bathal.,2004a).

Overall, bulbsizeclassdistributionswas similar between geographically separate maikstgpesting

that either populations are harvested in similar wayshat market networks around South Africa
distribute bulbs from the same (or broadly overlapping) populations to different geographically distinct
markets.KZN and Gauteng have the largest plations of peopleca. 10.3 million and 10.4 million
respectively and relatively low percentages of national land area (only 7.6% and (S4&4istics South
Africa, 2007. Increased medicinal plant harvesting can have large negative impacts if conen@s sp
are mainly harvested from these areaslarge percentage of bulbs Raraday and Warwickvere
harvestedrom KZN, indicaing that plant populations within KZN are particularly negatively impacted
(Table 2.

There were four maisizeclassdistribuions patterns noteéh bulbs purchased from the markeis all
cases, sizelass distributions (SCD) showed that the number of large bulbs was either sporadic or few.
The evidence suggests thatvolubilisis particularly impacted; it was the only specigith a SCDthat
differed from a normal distribution and followed instead an invegeped curvajormallyindicative of

a recruiting population (Wilson and Witkowski, 200Bjowever, in market situations, the low numbers
of large bulbsavailableresut in overcollection of small individuals This canleadto a regeneration
bottleneck as small bulbs are unable to properly contribute to population regeneratientbey are
harvested (Figure)l Populations of species of anthropogenic importance faea characterised by a
reduction in frequencies in largeizeclasg®s as well as a decreased numbersigéclasgs and
regeneration bottlenecks (Rab al., 1990). Bowiea volubilissize-classdistributions were characterised
by a small number dfizeclas®s and very few large individuals (Figure 1). Approximately 87% d.all
volubilis bulbs were <4cm in diameter and only 0.286ére >10cm in diameter. Taxonomic studies
indicate thatthe species can reach 15cm in diameter (Jessop, 1975), and the ok ioflividuals
greater than 12cm highlights the impact harbest probably hadn the population.Drimia delagoensis
also followed an inverse-shaped curve but to a lesser degree Bawolubilis This species is only
collected in KZN.

Urginea lydenbrgensisis a clustering species and similar in many ways to clonal plants. The population
dynamics of clonal plants is dominated by the birth and death of vegetatively reproduced parts, whereas
the recruitment of new seedlings may be sporadic (Slafka et al., 2005). If individual life history
strategies allocate resources to vegetative growth, then the loss of larger individuals may have even
greater significance to populations as seedling recruitment may not be high{&téalet al., 2005).

Bulbs ofthis species are also somewhat exposed above ground, which increases the charoessfiul
harvesting evds during dormant periods. Dormant periods are usually periods where bulbous species
have increased survival (Lesica and Crone, 208¥vithoutflower or leaf growth the underground bulb

is generally more difficult to find and thus more protected from harvesting. However, with exposed bulbs
the dormant periods would not afford this species any increased protection from harvesting. Another
clusterng speciesl. epigeaalso has exposed bulbs (Koorbanadtyal.,2004) and may be exposed to

the same intensified harvestirig.addition, clonal plants are known to have longer life spans than species
with little or no clonal growth (Bendet al.,2000. Clustering bulbs do reproduce through the production

of seedsand more information on the patterns of growth and reptamuare needed for both. epigea

andU. lydenburgensig order to understand the impacts of harvesting better.

Inadequate infanation on the life history of the various specégdiedcomplicates management and
conservation scenarios and effoliecause it isdifficult to set conservation priorities and define
sustainable harvest levels. Excessive extraction is likely to impapbpulation dynamics of the plants
being exploited, leading to changes in community structure and organigdtiangalasiet al., 2007)

The impacts of use and the understanding of these implications for conservation and protection is
underpinned by flastic composition, the magnitude or intensity of harvest and the modes and seasons of
harvesting (Ndangalasit al., 2007). This detailed information is not known for most bulbous species,
especially those that have been synonymised. Detailed studie$edmisktory types and effects are
important for medicinal bulbous species.

Large bulb species such Bsdistichaand Crinum speciesas well ad. altissima, D. elata, D. robusta
D. sanguinea and U. epigehave SCD similar to normal curvéd.e. low frequencie®f bulbs in small
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and largesizeclas®s, and high frequencies of medium to large bulfsgure 3. However, although
harvesting doesot appear to be impacting SCD of these species to a large degree, tiszbulases

with the highest fregencyin the marketarealsothose most likely to be within the reproductive phase of

the speciesvhen in the wild(Begonet al., 1986). In addition, very small bulbs (<2cm) are not currently
being harvested, and this indicates that unless necessarystbesweill noremovethemas they decrease
harvesting efficiency and do not provide great enough income opportunities (Cunningham, 1988). The
currentdecreasedccurenceof large bulbs in the markets suggasiat there ar@ smaller proportion of

large ulbspresenin the populationsargeted by harvestershis decrease in number of very large bulbs

in sub populations may have negative implications for reproduction of these species.

4.2. BULB DIAMETERS IN SOUTH AFRICAN MEDICINAL PLANT MARKETS

Bulb diameter is a very important indicator of population he&tirdies of the commonly used medicinal
bulbsMerwilla plumbea(Lindl.) SpetaandUrginea maritimalL. Bakersuggest that bulb size and age is
highly correlated (Williamset al.,2007b; AtTardehet al., 2008). InOrnithogalum saundersiaBaker,

medium and large bulbs had significantly longer and thicker scapes and a greater number of florets on the
inflorescence (Kariuki and Kako, 1999). In addition, larger individuals tend to produce large guahtitie

seed (Cunningham, 2001). Underground storage organs represent energy and material reserves for

geophyte species, this energy reserve allows for growth pulses triggered by the onset of rain (Ruiters,
1995). There is some evidence that larger bulbsreme likely to reproduce vegetatively (Kariuki and
Kako, 1999). This has important implications for species sudh. &pigeaand U. lydenburgensishat

both cluster to a great extent. Moreover, in most cases individuals must reach a certain sizedyefore th
can reproduce (Wilson and Witkowski, 2003).

Overall, diameters of commonly sold medicinal bulbs were smaller than those reported in the literature
(Table 3 with the exception oD. sanguineabulbs, which wersslightly larger than the mean reported
diameters. The relative decrease from reported literature diametBrsvoilubiliswas especially large
(67.80). Bulb diameters for nearly all species were smaller in the market than collected herbarium
specimen diameters, with a significant difference aidte B. volubilis Once again, the only species that

did not follow the trend wab. sanguinegFigure 7. Dried herbarium specimens amaller than the
original harvested diameter because of this, here is a need to know the relationship betweeretdy diam
and original diameterEstimatedspecimen bulb diametergere between 1% and 40.6% greater than
original living bulb diameters. The overall decrease in bulb diameters when compared to literature and
herbarium data suggests that harvesting is eratiegesource base of some species. This has serious
implications, since age and size at maturation and related lifetime fecundity are important life history
traits that are poorly understood in many species (Ernetnale 2004).

Both reproduction andegetative survival are crucial in the maintenance of plant populations (Pétllips

al., 2011). There are a number of environmental factors such as temperature, precipation, photoperiod,
and the availability of pollinators can strongly affect reproduativaracteristics. In addition, perennial
species (such as bulbous plants) must persist vegetatively between reproductive periodsgiPaliljips
2011). Studies between plant size and ag€ynoglossum officinalk. showedthatthe age plays little to

norole in determining the threshold for flowering when size is accounted for (Deelaig;1998).Size,
however, is not the only factor that determines flowering. In the gédlusn, there are three distinct

stage classes throughout the vegetativeslifen (Phillipset al.,2011J). Individual survival in the seedling

stage is low. Seedlings which survive this stage enter the juvenile stage which lasts bebwesarsl
interspersed by yearly dormant periods. The last stage begins when juvenilestieashald bulb size

in which the reproductive phase irstiated (Phillips et al., 2011). Increasinglysmall bulb diameters
effectively O6freezed harvested popul ations in t
harvested.

Harvestingcan also influence the genetic composition of exploited populations by selectively removing
individuals that have certain characteristics: this may result in rapiehidifery evolution. The
consequences of harvesting at this level are not known (Ermdrale 2004). Bulbous plants are also
mainly found in grassland and savanna habitats and are well adapted to fire (Cunningham, 1988). Large
individuals are the deepest rooted and most fire resiliém decrease in the number of large bulbs could

also dfect the impact of fire on sub populations (Beadle, 1940; Cunningham, 1988).
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Boophone distichaulbs can reach 30 cm in diameter (Dyer, 1976), howevendandiameter currently

in the markets are only 9.0 £ 0.5cm (mean 8Hgure §. Overall, 62.7%of all bulbsmeasured were

<10cm diameter. The absence of large bulbs in the market suggests that there is an attrition of the
resource supply due to harvesting (Raal.,1990).Boophone distich&s known to take between six and

seven years to produceesls (Dzerefos and Witkowski, 2001), which has severe implications for
harvested populations as the time taken for new recruits to become reproductively active is greater than
the time between harvests. The species is mainly distributed in the grasslare] anid 26% of ths

biome is degraded by human land uses (Regteat,2001). Urbanisation in the biome and the associated
impacts such as habitat loss due to construction of residential, industrial or other developments as well as
harvesting has influeed the composition of vegetation (Grolgerl.,2006). This together with the time

taken to reach maturity, the visibility of the bulbs during dormancy and the associated ease of harvest are
likely to have many negative implications for harvested patpmris.

Overall bulb diameter ofCrinum speciesis in the lower ranges of what is reped in the literature
(Figure 4. Identification ofCrinum speciess often difficult due to the paucity of literature available on
the identification of species baken vegetative characteristics (Rejmanek and Brewer, 2001) and the
lack of identifying characters of some bulbous material (Arroyo and Cutler, 1984). Sgeoiisc
effects for the commonly tradegrinum speciesvould elucidate the matter further as sospecies may

be more threatened than othe@inum moorei for exmple,is an uncommonspecies that occurs in
approximately 28 QDS (V.L. Williams, pers. comm.). Interestingly, bulbS.ahooreican reach up to
19cm in diameter, whil€. buphanoideseacles15cm andC. stuhimanniendC. macowanireach22cm

and 25cm in diameter respectively (Verdoorn, 1943; 1962; 1973). AlthGugtooreican be relatively
large, the mean bulb diameter of identified bullzsvapproximately 7.6cm (Figurg. SSimilarly, mea

bulb diameters of identifie€. buphanoides, C. macowamind C. stuhlmanniibulbs were lower than
expected (only 9.6cm, 10.4cm darll.8cm respectively) (Figure).5This suggests that trade may
negatively impact all known harvested speciesCofhum In addition, due to the difficulty in the
identification of Crinum species, other lesser knov@rinum species as well as species belonging to
similar genera may be impacted. Studies on identification of all species sold under the ethnospecies name
o fuMduzéare urgently needed.

Drimia sanguineas the most common bulb species in the Faraday market and makes up 60% of the
Drimia specis on sale in the market (Tablg Faxonomic studies suggest that bulbs are approximately
7cm in diameter (Philips, 1924; skwp, 1977). Despite the species popularity, populations do not
currently appear to be negatively impacted by haingstHowever, records show that the species was
actively eradicated from many localities where hundreds of thousands of individuals sieoyeateto
prevent cattle poisoning (Stent and Curson, 19P®)mia sanguineaalso has the moswidespread
sources of supply (Figure) 2vith bulbs being collectedrom five provinces of South Africa. The
estimated land cover of these five provinces withiith Africa is 437,291 kfrand harvesting over such

a large area may allow some mitigation of impacts (Low and Rebelo, 1996). The bulb is also known to be
found deep within the soil (up to 30cm below the surface), thus dormant periods may proteatatglivid
from harvesting.

4.3. GEOGRAPHICAL DIFFERENCES IN BULB DIAMETER

The arerage diametenf bulbsin the different markets can also provide important informa#dtnough

bulbs may be harvested from populations with similar population strecturlb diameters may differ.

Bulb diameters (£SE) in general were largest in Faraday compared to Warwick and the smaller Free State
markets. NoticeablyB. volubilis showedsigns ofsevere impacts; however, these impacts were more
visible in Faraday and Warwidkan in Free State markets (2.6 £ 0.1cm and 2.5 £ 0.2cm respectively, in
comparison to 6.1 + 3.9cmBowiea volubiliswas scarce in Warwick and was only stocked by four
traders(1.3% of the total traders presentyo of whom had purchased bulbs from Gagtandthe other

two from other KZN markets. The resource stock in many areas within KZN has been depleted for
approximately 20 years; Richmond and Greytown areas supplied the Durban and Pietermaritzburg
markets in the late 1960s and 1970s; however by 198&tocks here were exhausted and no longer
supplied the larger markets (Cunningham, 1988).
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Harvesters oB. volubilis cited KZN and Gauteng(50% and 40% of traders interviewed, respectively)
andto a lesser exterBwaziland as the areas of collecti@able 3. The percentage land area of these
provinces (in relation to the country as a whatelow (7.6% and 1.4%espectively (Statistics South

Africa, 2007). Increased harvesting of populations near highly urbanized areas can magnify the negative
impacts of harvest.

Free State bulb populations do not appear to have been impacted as severely by haiasergoulbs

(up to 10cm in diameter), although more bulb samples need to be asBedledollected in KZN and
Swaziland supply the Free Stamarkets (Figur®), and larger bulbs may have been transported into
South Africa from Swaziland. If populations outside the country are under less threat, then population
sizeclasses and bulb diameters may be greatside of South Africahowever, asB. volubilisis a

popular bulbous species there is a large probability that opportunistic harvesting and trade from the area
may impact populations outside South Africa.

Studies on two Hyacinthaceae specles;henaliac.v. Ronina (Du Toitet al.,2002) and Ornithogalum
longibracteatumJacq.(Kulkarni et al., 2005) suggest that bulbs dewegl slower at lower temperatures
(10°C), and faster at medium (15?@5°C) than high temperatures (>30°C). The grassland biome makes
up about 76 % o fawlthereantaimaabtempdratures of @aouel4.7°C and approximately
40 frost days (Mucina and Rutherford, 2006). Bulbs collected from these cooler areas may be naturally
smaller as the time taken to develop may be longer in these lower temperatures. Tese co
temperatures could explain the smalir distichabulbs presentin the Free State markethat are
harvested within the province

Studies have also shown that bigger bufisnoccur in drier areas, especially in sporadic rainfall areas
(P r o cehak,R005) Bulbous storage organs provide a supply of water and it is likely that in areas of
sporadic rainfall, buld may allocate resources into bulb growth so that growth and reproduction are
possible in times of low rainfall. The more reliable tl@nfall, the smaller the bulbsn addition
extinction rates are often lowéP r o ceh a&.,R005).This once again emphasises the need for studies
that take into account the ecology as well as harvest and &#dets of rainfall on bulb growth are
speciesspecific and the relationship between rainfall and bulb size his mayenitte case with all the
species in this study.

Urginea lydenburgensidias a narrow distribution and only occurs in Mpumalanga, the Lebombo
mountains of Swaziland and possibly in some locetin Mozambique (V.L. Williams, pers. comm.). It
has also onlybeen recorded in Mpumalanga markets (Croetlal., 2006). All bulbs collected were
harvested in Mpumalangddble 2), parts ofwhich are highly degraded due to loss of land cover and
deforestation (Mucina and Rutherford, 2006). Similally,delagoensiss also only harvestefrom one
province, KZN (Table?), and is occasional in both Faraday and Warwick markets. The small harvesting
areas of both the species could have negative consequences in theDiitnig.delagoensisvas not
present at Faraday @001 (V.L. Williams, pers. comm., 2008) and is now present there occasionally;
both sizeclassdistributionsand bulb size suggest spbpulations of this species are being impacted.
Dataalso suggests that harvesting impacts are not only related to fhdapity of the species and the
volumes of bulbs being harvested, but also the area of distribution.

4.4. TEMPORAL CHANGES IN BULB DIAMETER

Mean bulb diameters d8. volubilis were ggnificantly smaller in the 2008urvey when copared to

those in 2001(Figure 4. In less than a decade, mean bulb diameter has decreased by about 3cm.
Cunninghamés (1988) study i merbdfistsNelt thér speciesdwad seaace. t h
Records also suggestatiinthe 263 0 y ear s b e f ostudy, Whudiamdters gldcandd Srom
between 510cm to 24cm (Cunningham, 1988). Trader interviewdicatethat the species isow locally

extinct in most populations in the arefioccurrence in KZNThe species was listed as Vulnerable in

KZN in 1999 due to oweexploitation for the medicingblant trade (Raimondet al, 2009, and was
classified as Vulnerable in South Africa according to the IUCN Red List Criteria (Rainadiadlg?009)

Without other mitigation, populations in the rest of South Africa &®llito be impacted i similar

way.
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Boophondlistichaalso showed a slight decregdescm)in mean bulb diameter between 2001 2007

in Faraday 2007Figure 4. This is mainly due to the absence of very large bulbs in the markieh
suggestshat harvested populations are being exploited (Cunningham, 1888um species also appear

to be affected by trade and harvest for the medicinal plant trade. Bulb diameters decreased by 2.7cm in 6
years. ALCrinumspecies are notoriously difficult to idefiytibasedon bulb characteristidexcluding the

flowers), speciesspecific effects of tradever time cannot be determindd addition,Crinumspecies are

also threatened Hyorticulturalcollection by plant enthusiasts (Fennel and van Staden, 2001).

There is a tendency for communities to eharvest certain resources and then shift to another method of
moneymaking (Robinson, 2006). Howevegrfrenewable resources to be regenerated after a period of
exploitation, the target resourosust not occur wit alternativs (i.e. species usetbr the same purpoye

that continue to support the harvesting (Walters, 1986; Cunningham, 1988). Traders and traditional
healers do not have any species preferences withidrthemgenus (Z.A. Khumalo, 2008, pers. comm.)
however,C. mooreiis the most vulnerable to ovexploitation due to a limited distribution in the hub of
medicinal plant use activity in KZNMore widely distributed species, such @s macowaniiand C.
bulbispermunt{Verdoorn, 1973) therefore act tcefuhe exploitation o€. moorei,as there is no potential

for decreased use with decreased bulb std@ks. reason for this is that even with decreased availability
of C. moorej harvesters do not need switch to an alternativ&rittum speciesthereforevhen they come
across &. mooreipopulation there is the same level of harvesting intensity.

Taxonomicuncertaintiesurrounding thérimia/Urginea complex has acted to obscure spesjescific

effects of medicinal plant harvesting. In addition, largarket inventories often have to focus on
ethnospecies groupings (Willianet al., 2007a). Speciespecific effects over timehus cannot be
determined for separaf@rimia speciesBulb dameters decreasdtbm 2001 and2007, however 1995

bulb diameters we larger. There are two major issues pertaining to this. Firstly, bulbous species in
medicinal plant markets are often stored for long periods of time, which then affects the mass and
diameter of the bulbs and t&eclassdistributions(Williams et al, 2007a). The 1995 Faraday survey

was conducted in the winter months and if bulbs were stored from collection in summer, bulb diameters
could be expected to be lower. Secondly, proportioi3riofiia species within the ethnospecies grouping

are not static ot can be expected to change based on availability. Different proportions of different sized
bulbs at different times may obscure the effects of trade on individual species.

4.5. HERBARIUM DATA AND REPRODUCTIVE STATUS

In recent years, herbariugpecimes have been used in a variety of ways (Savolagteal., 1995) One
application that has been overlooked is the use of bulb material to ascertain the size of reproductively
active individuals. Herbarium specimens usubbye flowers, hencié pressed bul material is available

it can provide information on the relationship between bulb size and flowatthgughbulb material is
rarely pressedmportant information on minimum flowering size can be determined. The importance of
determining the relationgh between original (wet) and dry (oveinied) diameter is emphasised when
looking at herbariumspecimen bulbdiameters. Minimum flowering diameter was relatively small
(between 2.3 and 4.5cm) for all species extépepigea(Table 7). However, once dngns taken into
account there is an increase in minimum flowering size for all species (between 12.1 andiii24&6).
genusAllium, the nonreproductivejuvenile stagecan last up to §ears interspsed by yearly dormant
periods(Phillips et al.,201J). If bulbs are harvested before they are reproductively active, the impact of
harvest on the population will be intensified by population regeneration failure.

Bowiea volubilisis severely impacted, and based on estimated herbarium minimum floweridmlsize

only flower from approximately 3.6cm (Table 7). Bulbs in the market were approximately 2cm in
diameter (Figure 4), suggesting that bulbs may be harvested in their juvenilebstage they can
contribute to population regeneratigdther factors maglso influence reproductive statusBfvolubilis

studies suggest that loss of seed viability is rapid and progeny numbers are often low, making population
regeneration at this point, unlikely (Symmoredsal.,1997). In addition, vegetative propagatimethods

for B. volubilisprovide extremely slow rates of multiplication (Hannweigal., 1996).

Regression relationships between original (wet) and dry {dvied) diameters were generally strorfe(r
0.98 to f=0.62; p< 0.001; Figure 8). The exceptitn this wasD. robusta(r’= 0.40),D. sanguinegr’=
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0.07) andU. lydenburgensigr’= 0.29). Original bulb diameter estimates based on herbarium bulb
diameter (which are dried) provide some information on the effect of drying on bulb diameters of
herbarum specimens (Table 7). Estimated original diameters were much larger than herbarium bulb
diameters for smaller bulbs. Although it may appear Bhatistichahad a small flowering size (3.6cm),
original diamete estimates are approximately 1%hSgreatertian actual measured diameférlcm) This

larger minimum flovering diameter is supported by the fact that the species is kiodwave a long delay
before reproductive maturity is reached with plants only producing seeds and flowers six to seven years
after germination (Dzerefos and Witkowski, 200Bulbs in the market are approximately 8.9cm in
diameter suggesting that reproductive bulbs are being harvé@stisdhas negative implications as the
removal of reproductively active individuals, decreasegtitential population growth of the species. It

is, however, important to note thBbophone distich@ulbsare usually twice as long as they are wide so

the diameter at the widest point may not be the best indicator of bulb age or reproductivénstasas

small bulbs may allocate more resour¢edength rather than diameter and therefore length may be a
more appropriate estimate of bulb age (and reproductive st8tuslies of resource allocation and the
relationship between age and bulb diameteérlangth are therefore much needed.

4.6. THE EFFECT OF DRYING

Using market bulb diameter sizes and population structure to understand the ecological implications of
harvest and trade can be very useful, however, there are certain factors that neakieio iod¢o account.

One factor is the effect of drying on bulb diameters. Often it is difficult to ascertain the average length of
time bulbs are stored in the markets, which makes the effects of drying difficult to discern. Bulb
characteristics such age of bulb scales and size influence the effect of drying. Regression relationships
are usually stronger for species with thick, fleshy bulb scales (Willeiad., 2007a). In this study,
overall, the regression analyses generally showed strong refdpishetweenbulb diameter and mass
(Figure 10. Size and type of bulb scales did not appear to influence the relationship, with regressions
strongest for both small bulbs with thick, fleshy bulb scaBesvlubilis r2=0.98) and large bulbs with
numerous thin, papery tunics Grinum species r2=0.96), from both the Hyacinthaceae and
Amaryllidaceae.

The weakest regression relationships were for the clustering species, which are similar to clonal species.
Clonal species are known to allocate resourcesviagetative reproduction (Claikapiaet al., 2005).

Studies on resource allocation and growth patterns are néexeelver it appears that f@r. delagoensis

andU. epigea as age increases so does the number of clustering bulbs. In this way, althbugladst

and diameter increase with age, the diameter will increase to a larger degree because spaces between
clustering individual bulbs increase the diameter more than it does the mass.

There are greaterifterences in bulb mass between markigisn differences irbulb diameter Table 8

and 9. Drying may act to amplify differences between markets as mass is expected to be more sensitive
to the effects of drying than bulb diameter. For exampledelagoensisoccurs primarily in KZN
(Pooley, 1998) and aftaders cited the province #ghe sources of supply (Taldg Individuals that occur

in the Faraday market have been transported from KZN and, although bulb diameters are also lower in the
market, bulb mass is significantly lower than that in Warwétggesting that drying affesthe mass of

the bulbs to a greater extent than diameter.

Another factor related to the effect of drying is that of seasonal studies. Widltaath2007a) suggested

that the significantly smaller bulb diameters in 1995 carag to 2001 were likely related to the season of
data collection (winter). Data from Faraday market suggests that although diameters may differ between
seasons (as fd@. volubilis, D. delagoensis, D. robusiadU. epiged, the differences did not follow set

pattern with smaller bulbs occurring in summer for some species and large bulbs in winter for others
(Table 9). Recent informant interviews withuauthi shop owner suggests that in Faraday, traddts

often visit a specific area and then harwekatever they come across (S. Dorasamy, 2008. pers. comm.).

In this way, sukpopulations that are more accessible may be exploited quickly while others have yet to
be affected. Species that are harvested from populations that are further away from #gtemiidnk

need to be transported to the market which means they may be morfédsy the seasonal effects of
harvest may not be related to season but rather to distance from harvest site, time since last purchase and
speciesspecific responses to drying
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Bulb sizeclassdistributionin the market is affected by drying of bulbs from the time of harvest to trade
and sale. Understanding the effects of drying on bulb size is paramount (W#lisaahs2007a). Drying

may act to obscure differences betwepacies, markets, expected diameters and changes over time. In a
controlled experiment with temperature and humidity mimicking average Johanneshditipns nearly

all species lost approximately 4086theiroriginal mass in 12 weeks. Another 40% west foom the end

of week 12 tooven dried mass and dried bulbs were often brittle. In contrast, the decrease in bulb
diameter over 12 weeks was much smaller (slcan7%). Although the percentage decrease in bulb
diameter was much less than the percentimease in mass, a change of 1cm was still noted. This
decrease does have implications $ireclassdistributionsand bulb sizes of market bulbs, since the
amount of drying and the time since harvest was unknown. Importantly, it also has implications fo
herbaria diameters. Since voucher specimens have all been dried, all bulbs have shrunk from their original
size.

5. CONCLUSIONS AND RECOMMENDATIONS

Bulb size distributions suggettat the harvest and trade of commonly used medicinal bulbs is @adfecti

both large and small species, mainly through theaglication of large bulbed individuathat are
reproductively active. Species may be impacted differently depending on their popularity, region of
harvest and bulb featureMarket bulb diameters werkess than those reated in thetaxonomic
literature. e size of the collection area appears to act as a buffer to negative impacts, however what is of
most concern is the relative decrease in size of hnllithe marketswhich suggest that harvested
populations are under serious threat. In addition, geographically separate markets have similar bulb
structures and diameters, suggesting that bulbs are harvestedifndar areas and transported lang

trade networks to different markets. Bulbs are mahdyvested from KZN and Gauteng, which have
large human populations. The severe impacts seen in species dBichahgbilis, B.disticha Crinum
specieand U. epigeamay be contained within stfopulations of these provinces. Despite this, these
severe irpacts imply that trade and harvesting will continue to have negative ecological impacts on
populations of commonly used bulb species. It is recommended that studies on these species are
continued in the future in order to determine spespexific tempordifferences.

In conclusionthe results of this study show that sidassdistributionsof all bulb species were impacted

with a decreased number of large bulbs and in extreme daseslbilisandD. delagoensisan inverse

Jshaped curvesuggestig that only very small bulbs are available for harvest. However, not all sub
populations are likely to be impacted with the majority of bulbs being collected in KZN and Gauteng.
Populations in these provinces are likely torbere severely impactethan ésewhere Another factor

that needs to be considered when using market data is the effect of drying. Drying experiments suggest
that bulb mass decreases over time to a greater extent than bulb diameter. Most bulbous species diameters
were smaller than diaaters reported in the literature. In addition, temporal studies in Faraday market also
suggest that bulb diameters in markets are smaller than in the past. Taxonomic uncertainties in the
Drimia/Urginea complex andCrinum species need to be addressed. Iditamh, population dynamics

between harvested areas and non harvested areas are needed for all species in order to better understan
life history strategies and the impact of harvesting. Market surveytheaprovide detailed information

on the ecologiddmpacts of trade.
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CHAPTER 4

Volume and economic value of commonly
traded medicinal bulbs in Warwick
(KwaZulu -Natal) and smaller Free State
markets, South Africa

ABSTRACT:

Increased commercialisation of medicinal plants has ofteulted in oveharvesting anéh severe cases,

near extinction of valued indigenous plants. Traditional healers, traders and hareastgnovide a

wealth of information on species populations in the yéltt their preferences mhagve arimpact am the
harvesting and trade on wild populations. Information on trader/harvester preferences and perceptions was
gathered in the Warwick mark@éurban) and smaller Free State markets. Results suggest that harvesters
and traders prefer larger bulbghich canthus negatively affecpopulation regeneration. Overall, the
average earnings per month per trader selling medicinal plants were lowx{agtedy R1,000 in
Warwick and R2,000 in smaller Free State markets). However, with rising unemployment rates,
contributions to total earnings by small entreprel@mractices, such as medicinal plant harvesting and
trading, have become an important seuof income. Bulb spées contribute approximately 10% t6%

of the total earnings per trader at Warwiakd between 10% an@% per trader in the smaller Free State
markets. Relatively large contributions emphasise the economic and social importgogelaf bulb

species. The general popularity of these species has implications for the volume of bulbs purchased and
hence the number of bulbs harvested annually. Maetific estimates of the number of bulbs on sale

are high for species such &vowiea volubilis, Drimia elata and Urginea epigea.The number of
populations and the rate of population regeneration required to sustain such harvest is extremely large,
and without mitigating factors the increased commercialisation of the medicinal plantyindast have
potentially dramatic, negative implications on popular bulb populations.

Keywords: Amaryllidaceae; Bulb; Economic Value; Geophyte; Hyacinthaceae; Individual equivalents;
Medicinal Plant trade; South Africa; Volume
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1.INTRODUCTION

The inteaction between human disturbances at different intensities and spatial and temporal scales gives
rise to a network of interactions between resource and resource harvester, and hence shapes a diversifiec
natural, cultural and economic mosaic within a hmjeneous landscag&iannecchiniet al., 2007).

Without understanding this cultural and ecological landscape, it becomes increasingly difficult to
determine methods of sustainable harvesting, especially in developing codurtirimsghout the world
communties use a range of NTFBsatcontribute to livelihoods in three main ways: 1) direct household
provisioning 2) income generatigrand 3) as a safety net for consumptiBagmgarten and Shackleton,
2009).Both direct household provisioning and income egation include medicinal species as well as
species that have cultural or spiritual val&udies on naturgblant resources must take into account
factors such as the plant type, volume, economic and intrinsic value as well as other disturbances in orde
to understand the effects of trade of commonly used species. Several factors have lead to the increased
commercialisation of medicinal plants, which in many cases has resulted ihawvesting, and in severe

cases near extinction, of valued indigenplants (Williamset al., 2000). Volume is an indicator of the
potential risks to the continued survival of commonly used speciesatkatommonly harvested
(Williams et al., in press; 2011 As the demand for traditional medicine grows, large quantities o
medicinal plant material are harvested annually. Mamdeal. (2007) estimated that 20,000 tonnes of

plant material is traded annually South Africa,with approximately 86% of harvesting resulting in the

death of the entire plant. With ca. 63,000 plharvesters collecting medicinal plants in South Africa
(Manderet al.,2007), it is imperative that the volume of commonly traded material is determined.

Bulb diameters and the number of traders selling each species (Chapter 3) affect estimatedwhéhe

of bulbs sold. Despite the importance of quantifying trade volumes, it can be difficult to extrapolate this
information to understand the inherent sustainability of the bulb trade as well as the extent of resource
depletion in terms of number of lmsl harvested. The paucity of information on plant population sizes also
makes it difficult to judge the annual rate of decline for a species basedtakefbr the medicinal trade
(Williams et al., 2007a). To deal with such issues, Williares al. (2007a) devised the notion of
findividual equivalentsi a conceptvhereby volum€in terms of number of 50kgized sacks) traded is
equated to the number of bulbs (S@ecifiedsize) harvested annually so to better determine the effect of
harvesting on theesource basé'he concept can, therefore, provide a huanced understanding of resource
depletion as it determines an estimate ofrthimberof bulbs harvested and tradadd takes into account

the bulb sizeclasses present in the markets. The individuaivatgnt method provides a starting point for
quantifying the annual extent of resource depletion (Williatred.,2007a).

In South Africa, the use of indigenous medicine is widespread with value of traded material equivalent to
statesubsidized healthrpgrammes (Shackleton, 200ft)was estimated that the trade of medicinal plants
contributesat leastR2.9 bhillion to the South African economy with approximately 27 million consumers

in the country (Mandeet al., 2007). In addition2062 medicial planthave been recorded in South
Africa, with 656 species recorded in trade (Williaetsal, 2013) To a certain extent, however, the
medicinal plant trade is driven by customer demand (Williams, 2004). Customer demand may change and
consequently opportunisebecome limited and these activities are likely to be abandoned if more
attractive options become available. Despite this, demelated plant scarcities drive up market prices,

and higher prices paid for certain species encourages depletion of theedsecause of the potentially
higher income generated (Williams, 2004). In addition to this, lower prices act as a stimulus for over
collection as traders feel the need to evarvest in order to obtain a reasonable income. Market
conditions therefore w& against the environment (Williams, 200®eople in rural households whose
income falls below the poverty line are often forced to seek employment in towns and cities, which then
creates strong ruralrban linkages and dependenci€his ruratlurban depndency seldom favours the

rural centres, and it is estimated that much of the income from Fawadahimarket (in Johannesburg)

(the second largest informal medicinal market in South Africa) does not reach the rural areas and is
instead spent in the git(Williams, 2004). This leads to increased reliance on the resources and a
continuation of household poverty.

Harvesting practices may alter the response of populations to harvesting and are thus an important factor
to consider (Ticktin, 2004)The knowedge and perceptions of resource users provides valuable insight
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into the scarcity of medicinal plant resources (Cunningham, 1988). Such knowledge is particularly useful
as it has been gathered over many years of harvesting, buying and selling m&teniaisgham, 1988)

and includes information on perceptions of scarcity, value and trade of specific plants, traditional
importance and areas of collection. The IUCN Sustainable Use Policy (Resolution 2.29, adopted in 2000)
recognized the need to understdhd biological characteristics of natural resources, but focused more
attention on the need to understand the secamomic context, including: positive economic incentives,
negative sanctions, governance structures, land tenure, access rights, segystems, traditional
knowledge and customary law. The challenge of conservation biology is to more effectively incorporate
socieeconomic considerations into the analysis of conservation problems, so as to place ethnobotanical
data into a more relevanh@ accessible context (Robinson, 2006). However, this can only been done if
trader perceptions are taken into account.

Factors that influence the effects of harvesting are often based onesonimmic information. For
example, the intensity of harvegiimepends on resource abundance, accessibility, and market demand.
This intensity often decreases with increasing distance from human settlements, transport routes and
decreased accessibility of harvesting sites (Bethal., 2004). In addition, commeral harvesting by
harvesters from different areas appears to cause more ecological damage, thus understanding the
demographic structure of harvesters, traders and traditional healers in a market can provide important
information (Bothaet al., 2004). The overall aim of this study was to establish the ecological
consequences of the harvest and trade of commonly used bulb species by quantifying the volume and
value of trade of these species in Warwick, Durban and smaller informal markets in the Free 8tate. Th
number ofoulbs harvestednd trader perceptions was also determined.

Specific objectives include:

1. To quantify the volume of trade of selected bulbous species in both Warwick (KZN) and smaller
markets in the Free State.

2. To determine the number of hasted bulbs equivalent in size to the mean diameter (individual
equivalents) of each species.

3. To quantify the economic value of the trade of commonly used bulbous species in Warwick and
smaller markets in the Free State, and the proportion that eachsspentributes to the average
total income per trader.

4. To determine the relationship between mass and value (R/kg) in both Warwick and smaller
markets in the Free State.

5. To determine trader demographics and perceptions of the harvest of trade of comseahly u
bulbous species in Warwick and smaller markets in the Free State.

6. To establish the ecological implications of harvest and trade by combining trader information of
habitat and general trader perceptions, geographical distribution of commonly used, sqdti
the volume, value and number of individual equivalents.

2. METHODS

2.1 SPECIES INVESTIGATED

Geophytes are planthat possess underground resting buds attached to storage o@lits 1(980;
Mwafongoet al., 2010). In this study only bulbousgphytes were considerefl.bulb is defined as a

short, often plate like stem bearing a number of thick, fleshy leaves or leaf bases (bulb scales) that store
water and nutrients (Dahlgrext al., 1985).Functional taxonomy was used to describe bulb formistw

are recognized as distinct by traditional healers but have been synonmysed by taxonomists. Based on this
information is also provided oblrginea although the genus is currently synonmysed uménia.

Species were selected based on their popularity abundance in Gauteng markets, with all species
ranked as medium to high priority conservation status (Williams, 2007; Chapter 2). Species studied
included:Bowiea volubilisBoophone distichaDrimia altissima, D. delagoensis, D. elafa. robusta,D.
sanguinea Urginea epigeaand U. lydenburgensisCrinum species are also common in the medicinal
markets of South Africa, however the species are difficult to identify based on bulb characteristics and
data was therefore collected on the group as a winattuding C. buphanoides, C. bulbispermum, C.
macowanii, C. mooreandC. stuhlmannji. More detail on each species is provided in Chapter 2.
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2.2. MARKET DESCRIPTIONS

Surveys took place in Warwick market (Durban) and two small informal, regional markets
Bloemfontein and Phutaditjhaba, Free State. Due to the informal nature of the trade in Free State and the
small size, data from both Bloemfontein and Phutaditjihaba were combined. Ansimdierof traders
weresampled in NelspruithA more in depth desigtion of the markets is provided in Chapter 2. Although

data on sizelassdistributionswas collected at Faraday market, interviews with traders were not possible
because tradetheredid not want to participate in the survey.

2.3. MARKET SURVEYS

A threeday survey of Warwick and twday survey of the smaller Free State markets was conducted in
January and March 2008 respectively. Members of the scientific community who hatasedt
relationships with traders were contacted, and in KwaRidtal (KZN) the Chairwoman of Warwick
(Z.A. Khumalo) facilitated the survey process. A Zulu speaking interpreter who had worked in Warwick
before was also used to interpret in KZN. In the informal Free State stalls, memberd-céelfétate
Department of Departmé of Economic Development, Tourism and Environmental AffairsESEA)

and National Museum in Bloemfontein (who have a very good relationship with traders) facilitated
surveys by taking us to known areas of trade (as there is no dedicated full timg.marke

The survey questionnaire was designed after an extensive literature review and waqsasgitaitive.

General sections included: trader information (demographics), species on sale at the stall, market name
and date of survey. More detailed informatias collected by estimating the volume of each species and

the diameter of the bulbs. Respondents were asked if they purchased or harvested their plant material.
Each respondent waalso asked a number of questions relating to number of sales, frequéncy o
harvest/purchase, preferences and perceptions of scarcity and popularity (A@pendix

Traders and traditional healers that sold one or more of the species in question were asked to participate in
the study. Before taking part, a brief explanation efgtudy was given to each potential respondent, and
emphasis was placed on two factors: 1) that their participation was voluntary, and 2) respondents would
remain anonymous. Informed consent was obtained in all ¢B#@ss clearance number: HO711186)

addition, to prevent confusion about species with the same traditional name, a picture guide was used
(Appendix4). The number of traders interviewed for each species in each market differed since not all
traders stocked all species. Also, not all traderse willing to answer each questidrence sample sizes

for a specific question may also differ. Overall, 31 traders in Warwick and 12 traders in the smaller Free
State markets were interviewed. Data was collected for each functional species (Chiaptac)market

and for t he 0 e ttMdozé Cpeiro specie¥ andgacoagiopally ther Amaryllidaceae
species such @&runsvigiaspecies

2.3.1. Tradeperception and harvesting practices:

To obtain a qualitative understanding of trade in fhecis under investigation, the respondents were
asked about perceived scarcity and popularity of each species. Traders that harvested their own plant
material were asked a number of additional questions relating to harvesting prdoticesample:

seasaal timing of the harvest, timing of the harvest in the plant life cycle, frequency of the harvest, size
of individuals harvested, harvest intensity.

2.3.2. Value, volume, number of bulbs sold and harvested:

In order to calculate the value, volume amainber of bulbs harvested, data was collected for a number of
variablesTables 1, 2, 3 and 4jive thelist of variables and equations usedhe calculations

2.3.2.1. Value

The overall number of sales for all medicinal plants and for individual Ipgbies is different depending
on the day of the week and month. Respondents were asked to estimate the number of sales made on
6qui etd and O bhand®i al plansspeCids\dariables 6 hne Di individual species
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Traders then providedformation on busy periodghich wasthenused to determine the average number

of quiet and busy days per annum(Variable E and F, respectively). The total number of selling
days/annum was also determined (Variabje The total number of medicihgolant sles (per
tradefannum) (Variable)) together with the fixed cost price for sales at Warwick and Free State markets
(R5) was used to determine the economic value of all medicinal plant sales at each market Kariable

The mean economic value and standardr was then determined. Although, price is usually fixed at R5

per sale, this does occasionally change. Samples of each species were purchased and the average value p
sale was determined (Varial®). VariableG was used to determine the economiaigadf sales for each

species $pecies Aper tradelannum (VariabléV) (Table 1).

This data was used to determine the percentage contribution of each species to the overall earnings of
traders per market (VariabM) and the Rand per kilogram (R/kg) @fol species (Variable O). Although

traders in Faraday market could not be interviewed, data on the number of bulbs per sale, the cost per sale
and the R/kg were collected and compared to both Warwick and Freen@taetg(Table 1).

Table 1 Variables ad equations used to determine economic \sgbee trader and market

Variable Symbol Equation
Number of medicinal plant safaser day on quiet days A

Number of medicinal plant safeser day on busy days B

Number of salesf Species Aer day on quiedays C

Number of salesf Species Ader day on busy days D

Number ofquietdays/annum E

Number ofbusydays/annum F

Average value per sale 8pecies A G

Mass ofSpecies Aulbsper sale H

Total number of selling days/annum | =E+F

Total numbe of medicinal plant saléper trader/annum J =(A*E)+(B*F)
Economic value of medicinal plant salpsr trader/annum K =J*R5.00
Number of saleSof Species Aer trader/annum L =(C*E)+(D*F)
Economic value oSpecies Aales per tradegnnum M =L*G

% contribution ofSpecies Ao overall earnings/trader/annum N =(M/K)*100
Rand per kilogranspecies AR/kg) ®) =G/H

Aall speciesR5 sales
2.3.2.2. Volume

Data collected from the markets was used together with laborddtayo determine the volume tiad.

Estimation of bulb volume in the laboratory will be described in Section 2.4. The total volume of
selected bulb species visibl e adtPredgoasstudies haseduged 6 s s
the number of 50 kgized bags purchased aspaoxy for the plant volume harvested/traded
(Cunningham, 1988, Williamst al., 2007a).In my study, smaller plastic shopping bags (called
6checkerso) were used as pr oxsige bagsYisible golummeneas i n a
estimated as numberf o6checkersé of each species at each
determinedin the laboratory, using volumetric equatiesection 2.4), so that estimates of volume based

on the number of O6checker s b Okgsife bags arlfrattiomtbereef.q u at e
Traders were also asked to determine how often they purchased the visible {tbir@ume that was

visible at the stall, estimated as a humber of 8kgz ed bags or @nd this evkser s 6
converted to purclses per month (Variable Q). Volume purchased per annum was determined (Variable

R) (Mean and standard error were calculated) and used to determine the total volume per market per
annum (Variable U) (Table 2).

Table 2: Variables and equations used to dmiee volume

Variable Symbol | Equation

Volume of Species Aisible at each stall

Number of times visible volum@) of Species Avas purchased per trader/market/month

Volume ofSpecies Adurchased per trader/market/annum =P*Q*12

Proportion of tadl traders/market sellinpecies A

Total number of traders at the market

cCHw O T

Total volume ofSpecies Aer market/annum =R*S*T
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2.3.2.3. Number of bulbs sold to consumers

The number of bulbs sold to consumers per anpenmarkeivas determined (Mf@able W). To do this,
information on the number of sales $pecies AVariableL), number of bulbs per sale (Variable V),
proportion of traders sellin§pecies AVariable S) and total number of traders at each market (Variable
T) (Table 3) was collected

Table 3 Variables and equations used to deterrtiweaumber of bulbs sold to consum@er market and trader

Variable Symbol | Equation

Number of salesf Species Aver day on quiet days

Number of salesf Species Aver day on busy days

Numberof quietdays/annum

Number ofbusydays/annum

sS<H4urmmoo

Number of salesf Species Aver trader/market/annum =(C*E)+(D*F)
Proportion of total traders/market sellisgecies A

Total number of traders at the market

Number ofSpecies Adulbsper s#e®

Total number oSpecies Aulbs sold per annuer market =L*V* S*T

Y 150and 30Qtradersin Free State and Warwick markeespectively
2.3.2.4 Estimating the amber of bulbs harvested

filndividual equivalentsis a method devised by Willianet al(2007a) to equatie volume traded to an

actual number of bulbs harvested, equivalent to a certain size (in this case, mean bulb diameter). Market
information collected from traders at Warwick and Free State were used together with data collected
during bulb volume laboratory experiments (Section 2.4.gstimatethe number of bulbs harvested

( Var i aFbstlyetheftotal volumef SoeciesA purchased by traders/market/annum (Variablevely
calculatedand then divided by the mean volume @zecies Aulb of a specified size (Variab®. For

example, if the mean volume of a 7cm diam&edistichabulb was 0.5 litres, then the total number of

bulbs calculated to be harvested would be equivalent in size to the 7cniétithation of bulb volume

and the number of bulbsack/or bag was based on two assumptions. First it was assumesthbat

bulbs were packed in a sackbag, there would be a certain amount of space between each bulb due to
their shape. Second it was assumed that estimates that did not take into account bulb shape would result
in an overestimateof numbers(and hence pperlimit) for the total volume and hence the number of
bulbs per bag

Counts of traders were used as an indication of the number of traders for Warwick (300 traders). In the
Free State, only two towns were visited and only 12 traders were interviewladyeApercentage of

traders in each town were interviewed (information provided by National Conservation officials). It was
therefore estimated that approximately 10 traders would be found in at least 15 towns in the province.
The overall trader estimafer the Free State was 150. More information on the number of traders in
each town and city is needed and this estimation was based heavily on the assumption that due to the
informal nature of the trade, that only a small number of traders would ocamétewns or cities

Table 4 Variables and equations used to determine number of bulbs harvested grerualfyrket.

Variable Symbol Equation
Volume ofSpecies Aisible at each stall P

Number of times visible volume &pecies Avas purchased p&ader/month Q

Volume ofSpecies Aurchased per trader/annum R =pP*Q*12
Proportion of total traders sellirgpecies A S

Tot al number of traders at the markeT

Total volume ofSpecies Aer annum U =R*S*T
Volume of 50kgsized sack X

Number of acks traded/annum Y =U/X
Average bulb volume (for mean bulb qZz

Number of bulbs/annum (equivalent in size to mean diameter) b =U/z

G Calcul ated fromal dlbdr atrardye rsx deorri meretes St ate and 30!
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2.4. ESTIMATION OF BULB VOLUME:

Estimations of individual bulb volume took place in the laboratory at the University of the
Witwatersrand. This data was then used together with market data to determine the total number of bulbs
harvested per market/annum (Taldle Variable b). A waapuchased & thenp | e s
market were ovedried so that turgidity of bulbs (related to waless and time since harvest) did not

bias the results. Three methods were used to determine bulb volume. Two of these methioed
6actual 6 vol ume, while the third provided esti ma

The methods are:

1 Volume estimate 1: The volume of water displaced when a bulb was placed in a beaker.of water
Bulb volume was therelated tathe diameter of the bblk measuredThisvolumeestimate was the
closest approximation to the O6trued volume of
bulb diameter present at the market (Variable Z) was determined so that the total number of bulbs
harvestedcodl be deter mined (Var i ab l-estimhtgs.the tdtal wadumne r | t
traded since it does not take into account spaces between the bulbs when they are packed in a bag.

1 Volume estimate 2The diameter of bulbs purchased in the market wagndeted Volumetric
equations fofa) cube, (b) cylinder, (c) cone and(d) sphereshapes were used to calculate volume
based on bulb diameter measuremef@ghere and cylinder volume calculations would ever
estimate total volumeccupied within a bagincebased on the volumetric equatjdhere would be
no spaces between the bulbs when packed in a bag

2.5. STATISTICAL ANALYSES

STATISTCA 6 and Excel 2003 were used for all data analyses and in all cases the null hypothesis was
rejected at p<0.05. OA%ay ANOVAs and Tests were used to determine differences between total
sales per day/annum between markets and differences between Rand per kilogram for both species and
markets. Linear regressions were used to determine the relationship between bulér dinthgolume

and for the relationship between actual volume (based on water displacement) and calculated bulb
volume (using volumetric equations). OWWay ANOVAs were also used to determine the difference
between volume and number of bulbs harvesteddmtvgpecies, markets and methods.

3.RESULTS

3.1. TRADER PERCEPTIONS AND HARVEH ING PRACTICES:
3.1.1. Trader Demographics

The demographics of the respondents (traders, harvesters and/or healers) selling bulbs in Warwick and the
Free State were mostlyfirent in terms of ethnicity, age profile, gender and healer status (Table 5).
Respondents in the Free State tended to be older, -Sp#laking traditional healers. Respondents in
Warwick, however, were primarily younger, Ztdpeaking, female traderbat were not traditional

heal er s. I n both markets, O6homedé for the traders
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Table 5 Trader demographics in the Warwick market and combined smaller informal Free State markets.

Variables Warwick Mark et, 2008:n=31 (%) Free State informal markets, 2008n=12 (%)
Trader Eastern Cape 13 0
home Free State 0 82
province KwaZulu-Natal 87 0
country Lesotho 0 9
Swaziland 0 9
Ethnicity Xhosa 16 0
Zulu 84 9
Sotho 0 82
Swazi 0 9
Age <25 years 0 0
profile 26-30 years 26 0
31-40 years 42 27
41-50 years 13 9
51-60 years 10 55
>60 years 10 9
Gender Male 13 45
Female 87 55
Healer Not healer 90 27
Statis Traditional Healer 10 73

3.1.2 Trader harvesting practices

In terms of seasonality and related reproducttetus, most harvesters (43%) preferred to harvest
bulbous plants that were seeding and 14% when the bulbs were flowering, hence 57% of harvesters
favoured reproductive bulbs (Figure 1a). Slightly fewer traders (40%) preferred purchasing reproductive
bulbs (7% with flowers, and 33% with seeds) (Figure 1b). Thirty three percent and 37% of harvesters
and traders, respectively had no preference for when the bulbs were harvested. (Figures la & 1b). In
terms of size, harvesters tended to prefer to remove haifgps (41%) (Figure 1c) and 41% of buyers
preferred to purchase batches of bulbs of mixed sizes (i.e. small, medium and large bulbs) (Figure 1d).

a.) Harvesting preferences b.) Buying Preferences
n=21  Leaves, 10% n=27 Roots, 7%

Flowers. 7% No flow ers, 15%

Flow ers, 14%, ~\ Anytime, 33%

Seeds, 33% Anytime, 37%

Seeds, 43%
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c.) Harvesting Size Preference
Mixed, 23%

n=22

Medium, 5%

Big, 41%

d.) Buying size preference:
n=27
No preference, 22%

Mixed, 41%

Medium sized, 7%

Small, 7%

Big, 22%

Figure 1: Preferences of traders (including harvesters) for bulbous species for both Warwick and smaller Free State

markets combined. Note: Harvesting preferences (a. and b.) presents information on reproductive status at harvest
reproductive

withé6anyti med referring

In the Free State, the majority of respondents harvested their own stock and had no preference in regards
to reproductive status (50%) or si&¥ %) (Figure 2). In Warwick, however, the majority of respondents

t o

no specific

st

either bought their stock (52%) or harvested and bought their stock (32%) (Figure 2). Traders at

Warwick preferred bulbs that were harvested while seeding (31%) and liked either mixgdboalbls

(40% and 37% respectively) (Figure 2).

Free State: Harvest or Buy
n=9

Buy, 22%

Harvest, 78%

Warwick Harvest or buy
n=31

Buy, 52%

Harvest, 16%

Harvest and buy, 32%

Free State: Reproductive state preferences
n=8

Leaves, 25%

Any reproductive status, 50%

Warwick Reproductive status preferences
n=31

Flowers, 6% \

'.'. 0
i Roots, 13%

Any reproductive status, 25%
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Free State: Size preferences Warwick Size preferences
n=9 n=31

Whatever | find, 3%
No preference, 13%

Small, 11% Medium, 7%

Whatever | find, Big, 37%

Big, 22%

Figure 2: Differences in preferences between Warwick and Free State market

Questions about trader practices and perceptions were asked in such a way that two possible outcomes
could be chosen, for exampl e: Apopul ar @atewere finot
small due to fewer traders in the regi@rimia altissimaandD. delagoensisvere not recorded in the

Free State, and the species were not common in Warwick.

Table 6. Trader practices and perceptions of commonly traded bulb species tradedniick\(a= 31 traders) and
smaller markets in the Free State (n= 12 traders). Not all traders stocked all species or were willing to answer each
guestion. Blank cells indicate the question was not answered.

Trader Perceptions and Practices (% of traders)

Bulbs difficult to All of site harvested All sizes at site Popular
locate harvested
Warwick Free Warwic Free State  Warwick Free Warwick Free State
State k State
Boophone 75% 50% 11% 0% 25% 0% 32% 50%
disticha n=8 n=2 n=19 n=2 n=8 n=2 n=19 n=2
Both Makets: Both Markets: Both Markets: Both Markets:
70% 10% 20% 33%
Bowiea 100% 100% 0% 100% 100% - 0% 50%
volubilis n=1 n=1 n=1 n=2 n=1 n=1 n=2
Both Markets: Both Markets: Both Markets: Both Markets:
100% 67% 100% 33%
Crinum 40% 100% 0% 0% 0% 0% 38% 50%
species n=5 n=2 n=16 n=2 n=5 n=1 n=16 n=2
Both Markets: Both Markets: Both Markets: Both Markets:
57% 0% 0% 39%
Drimia - - 0% - - - 0% -
altissima n=2 n=2
Drimia 0% - 0% - 0% - 67% -
delagoensis n=3 n=3 n=3 n=3
Drimia elata 0% 43% 0% 14% 0% 0% 100% 100%
n=1 n=7 n=1 n=7 n=1 n=4 n=1 n=6
Both Markets: Both Markets: Both Markets: Both Markets:
38% 12% 0% 100%
Drimia 71% - 11% - 33% - 75% -
robusta n=7 n=18 n=6 n=16
Drimia 100% 29% 0% 29% 0% 0% 50% 100%
sanguinea n=1 n=7 n=2 n=7 n=1 n=3 n=2 n=6
Both Markets: Both Markets: Both Markets: Both Markets:
38% 22% 0% 88%
Urginea 86% 100% 6% 0% 14% 0% 32% 100%
epigea n=7 n=1 n=16 n=2 n=7 n=1 n=16 n=1
Both Markets: Both Markets: Both Markets: Both Markets:
88% 6% 12% 35%
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In general, trader perceptions gmectices differed in Warwick and the Free State. For example, 100%
of traders interviewed in Free State and 40% of traders in WarwicKrielim speciesvas difficult to

find. In both marketsB. volubiliswas perceived to be the most difficult to locatel bulbs of all sizes
were harvested when located (Table@)mia elatawas the most popular species. Bsinum species

D. elataandD. robusta there was a preference for larger bulbs with a tendency to leave small bulbs
behind).

3.2. VALUE OF TRALCE

Total number of medicinal plant salpsr trader/market/annum (based on number of R5 sales per
annum) was calculated for both Free State and Warwick (Vardptifeee State had a greater number of
sales per day and greater total earnings than Wamvarkets for all species combined (p< 0.05). On
average, traders at Warwick earned approximately R11,000 per year from sales from all medicinal plants
while atFree Staterespondents earned approximately R25,000 per year (Figure 3).

35,000 _
Total Earnings/year: t ,q = -2.52; p= 0.02
~ 30,000 b
©
c
éri 25,000
S 20,000
>
S 15000 2
c
c
< 10,000
L
5,000
0

Warwick Free State

Figure 3: Total earnings per trader per annum (all medicinal plant species on sale included) (mean + SE) for
Warwick market, Durban (n= 24) and smaller Free State markets (n=7). Resultsest are included and means
with different letters a significantly different (p<0.05).

In general, bulb species in the Free State contributed between 10% and 50% (Figure 4a) to the total
earnings from medicinal plant sales which was very similar to contributions by bulb species at Warwick
(in general beteen 10% and 40%) (Figure 4iBoophondlisticha, B. volubilis, CrinunspeciesandU.
epigeahad the lowest contributions to overall earnings at Free State (betweBs¥)0Bowiea
volubilis, a species of conservation concarantributed approximately 40%f the total trader earnings

per year in Warwick, however commgravailablespeciessuch ad. delagoensigndD. robustaalso
contributed around 380% (Figure 4b)Drimia sanguineawas only sold by one trader at Warwick,

while B. volubilisand U. epigeawere only sold by one trader in Free State. This small sample has
implications for the accuracy of the mean values and in both markets as standard error was large.
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Boophone Bowiea Crinum spp. Drimia Drimia Urginea
disticha volubilis delagoensis sanguinea epigea

Figure 4: Percentage contribution to total earnings per bulb species per year{r8&jrin a.) Free State and b.)
Warwick market. Data for eight and six species were collected in Warwick and Free State markets respectively.

The relative standard deviation (CV) provides a comparison of the variation between markets and
species (Table)7 Relative variance was high for all species exd&ptlisticha(12%), while relative
variance in Warwick was even higher for all species (@3%%), suggesting that traders in medicinal
markets differ in a) the earnings made per species and b) theedotéihgs for all medicinal plants
(Figure 4a and b; Table 7).

Table 7: Total earnings per trader/market per year and standard deviation and relative standard deviation (CV).

Total earnings

Standard Deviation CV= (Std dev/mean)*100 (%)

(Rlyear) (Rlyear)
Free State Warwick gtraeé Warwick gtr:tee Warwick

Boophone disticha 414Q n=2 1234 n=9 481 1241 12 101
Bowiea volubilis 258Q n=1 482Q n=2 - 3932 - 82
Crinumspecies 2128 n=2 1589 n=7 2006 1183i 94 74
Drimia delagoensis - 4248 n=2 - 5498 - 129
Drimia elata 1295Q n=5 - 12499 - 97 -

Drimia robusta - 4401, n=8 - 5948 - 135
Drimia sanguine 9527 n=7 816Q n=1 12218 - 128 -

Urginea epigea 1530 n=1 4836 n=8 - 6033 - 125
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In all markets there is a fixed price per sale (R10 in Fard®ain Free State and Warwick) so changes

in Rand per kilogram are related to the volume purchased perBsaiéeavolubilis had a large R/kg
proportion in all market$R25/kg; R65/kg; R95/kg in Faraday, Free State and Warwick respectively),
suggesting thatnsaller volumes are being sold for the same price. This coincides witiclage
information that bulbs are becoming smaller (Chapter 3) (FigureDsimia elata, D. sanguineandU.
epigeahad a higher R/kg ratiat Free Stat¢han the other markets (p€@1) (Figure 5f, h, i). For the
majority of species, R/kg was not significantly different between marketdigticha, D. altissima, D.
delagoensisand D. robustg (Figure 5a, d, e, g). These species, had, for the most part an average of
R10/kg.Crinumspeciesin Free State and Nelspruit had a higher R/kg (R30/kg) (Figure 5c).

110 . 110 | Bowiea volubili$, 15=22.0, p<0.001
100 a.)Boophone disticha 100 ' b
90 F(Z, 36): 4.1 0 b
. 80 p=0.03 0
S o o
3 60
x 50
40 50
30 40
20 b 30
e —
0 10
Faraday Free State Warwick Faraday Free State Warwick
110 _ 110
100 | ©) Crinumspp. 100 | d.) Drimia altissima
90 Fesp=7-3 % t,s= 14.4
80 p<0.001 80 p=0.06
g 70 70
T 60 60
¢ 50 b b 50
40 40
30 30
a
a
20 a 20 a
0 O e [
0 0
Faraday Free State Nelspruit Warwick Faraday Warwick
110 . . 110 .
100 e.)Drimia delagoensis 100 f.) Drimia elata
- F =11.6
% tg =-1.19 % (<2,(1)4)001 b
80 p=0.263 80 p< 0.
g 70 70
T 60 60
g 50 50
40 40
30 a 30
20 a 20
0 0
Faraday Warwick Faraday Free State Warwick
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110 110 h.) Drimia sanguinea :

00| 99 E”Tf"l _rgg“Sta 100 | 4 =18.2,
920 21 20 p<0.001
80 p=0.073 80
g’ 70 70
S 60 60
g 50 50
40 40
30 30
20 a a 20
e e
0 0
Faraday Warwick Faraday Free State Warwick
110 [i.) Urginea epigea
100 | F, 45 =120.5 o
90| 1<0.0001
80
g’ 70
S 60
g 50
40
30
20
10
0

Faraday Free State Warwick

Figure 5ai: R/kg (mean + SE) for nine bulb species sold at Faraday market, Johannesburg, Warwick market,
Durban, and where possible: smalleed State and Nelspruit stalls. Results of One Way ANOVA dasts$ are
included and means with different letters are significantly different (p<0.05).

The overall regression relationship between mass and sale value (R/kg) for all species and markets
showed that the smaller the quantity sold per sale (mass), the greater the sale value (R/kg) relative to the
sale of larger quantities (Figure 6a and b). Figure 6a highlights the high sale vBlueohfbiliswhile

Figure 6b shows that smaller quantities aoéd for the same price at Free Statarket and larger
volumes are sold for sale at Faraday.
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Figure 6 a and b Regression analysis between mass (kg) and sale value (R/kg) showing trends for a) different
species and b) different markets. The regi@n equation provided is for all species/markets

Overall, there was a significant difference in the R/kg between species (Spegiess)= 7.7; p<
0.001), with the main differences occurring betw8ervolubilis (which had a larger R/kg overallha
all species excefd. cooperiandU. lydenburgensis. Drimia ela@ndD. sanguinealso had relatively
large R/kg values (Figure 7a). In terms of differences between markets, Free State bulbs had the highest
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R/kg and differed significantly from all magks (Markets: ks, 226)=48.1, p< 0.001) Faraday and
Warwick markets differed from each other but from Nelspruit which had a larger R/kg (Figure 7b).

70| 1) Species: B, 231y=7.7, p=<0.001

Rand/kg

Boophone disticha
Bowiea volubiis
CHRL S0,
Dyinda altissima
Drirria cooperf
Drir¥a delagoensis
Dyrimia elata

Drirda robusta
Dyirrdia sanglinea
Lirafnea epigea
Liraginea lydenburgensis

80 | b.) Markets: Fj3 2g,=48.1. p=0.001
7o

G0
50
40

Rand/kg

30

20
10

0
Faraday Free State Warwick Melspruit

Figure 7a and b: Difference in R/kg between eleven bupecies and between markets (Faraday, Free State,
Warwick and Nelspruit). Results of One Way ANOVA and Fisher LSD-Hosttests are included and means with
different letters are significantly different

3.3. VOLUME OF TRADE
3.3.1. Estimation of bulb vome

Figure 8 provides he Li near regressions between bulb di
displacement) (y).
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Figure 8: Linear regressions between bulb diameter (xX) and bulb volume (y) for nine spemiesthie
Hyacinthaceae and Amaryllidaceae. Regression equatiaady@s andivalues are included.

Linear regressions were strongest forinum species(r’=0.96), B. volubilis (r*=0.93), B disticha
(r*=0.86), D. robusta(r’=0.76) andU. epigea(r’=0.75) In the most part, these bulbs were all large,
(exceptB. volubilig, but included thick Hyacinthaceae bulbs and Amaryllidaceae with thin papery bulb
scales (Figure 8). Small to mediwsizedDrimia bulbs did not have very strong regression relationships
(between 7=0.55 to =0.60).Drimia altissimais a medium sized bulb but with compacted scales, and
the regression relationship was weakest for this speér®44) (Figure 8)Boophone distichhad the
steepest relationship whik volubilishad the last steep relationship between bulb diameter and actual
volume.

Linear regression relationships between calculated bulb volume (using volumetric equations) and actual
bulb volume (y) showed great variability depending on thamelric equation used (Rige 9. Volume
calculated using the cube volumetric equatiavas greatest for all specigfie smallest estimate of bulb
volume was using the sphere volumetric equati@s this did not take into account the neck region of

the species.
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Figure 9: Linear regressions between actual bulb volume (x) and volume determined using volumetric equations (y)
for nine species from the Hyacinthaceae and Amaryllidaceae. Tinesdnclude a.) Cube; b.) cylinder; c.) cone; d.)
sphee. Regression equationsyplues and’values are provided in the table below.

For all species, volume estimated using the cube equation was greatest (Figure 9; Table 8), however
depending on the shape of bulb, some estimations were closer to thevatime (calculated from

water displacement) than otheMoophone distichds torpedo shaped and the cylinder and cone
estimations were most similar to the actual volume (Table 9)BFweolubilis the best estimations were

cone and sphere, most likedpe to the subglobose nature of the bulb, simildlyelatashowed the

same pattern and fdD. delagoensissphere volume estimations was also closest to actual volume.
Crinum speciesD. sanguineaandD. robustaactual volume was most similar to volum&timated by

cone (Table 8). For the majority of species, actual volume was relatively similar to the sphere estimation
that did not take into account packing of the shape of the bulb. Number of bulbs harvested per annum
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was cal cul

ated

estimate which takes into account space between bulbs into account)

Table 8: Linear regression equationsyplues, f-values and estimates of individual bulb volume for nine species

from theHyacinthaceae and Amaryllidaceae. Significawbjues are highlighted

lunee i(to grovidehae upger lienit) @red |cdbe wolame (to provide an

Calculated Bulb volume (1)

Cube (a) Cylinder (b) Cone (c.) Sphere (d)
Boophone disticha y=0.21+1.6x y=0.16+1.26x y=0.05+0.42x y=0.02+0.08x
x=0.6l r’=0.89 r’=0.89 r’=0.89 r’=0.89

p<0.001 p<0.001 p<0.001 p<0.001

n=20 n=20 n=20 n=20

y=1.2 y=0.9 y=0.3 y=0.07
Bowiea volubilis y=-0.02+5.5x y=-0.01+4.39x y=-0.005+1.46x y=-0.001+1.13x
x=0.02l r’=0.94 r’=0.94 r’=0.97 r’=0.94

p<0.001 p<0.001 p<0.001 p<0.001

n=30 n=30 n=30 n=30

y=0.09 y=0.08 y=0.02 y=0.02
Crinumspecies y=0.07+2.91x y=0.05+2.28x y=0.01+0.76x y=0.003+0.27x
x=0.2l r’=0.81 r’=0.81 r’=0.81 r’=0.97

p=0.03 p=0.03 p=0.03 p=0.002

n=5 n=5 n=5 n=5

y=0.7 y=0.5 y=0.2 y=0.05
Drimia altissima y=0.10+6.14x y=-0.0+4.82x y=-0.02+1.60x y=0.01+0.46x
x=0.1I r’=0.52 r’=0.52 r’=0.52 r’=0.42

p=0.003 p=0.003 p=0.003 p=0.01

n=14 n=14 n=14 n=14

y=0.9 y=0.6 y=0.2 y=0.08
Drimia delagoensis y=0.04+6.41x y=0.03+5.01x y=0.01+1.67x y=0.01+0.66x
x=0.04 r?=0.70 r’=0.70 r?=0.70 r’=0.55

p<0.001 p<0.001 p<0.001 p<0.001

n=17 n=17 n=17 n=17

y=0.3 y=0.2 y=0.08 y=0.04
Drimia elata y=0.008+3.39x y=0.006+2.66x y=0.002+0.88x y=0.007+0.39x
x=0.02l r’=0.82 r’=0.82 r’=0.82 r’=0.80

p<0.001 p<0.001 p<0.001 p<0.001

n=26 n=26 n=26 n=26

y=0.09 y=0.07 y=0.02 y=0.02
Drimia robusta y=-0.03+5.74x y=-0.02+4.51x y=-0.008+1.50x y=0.008+0.43x
x=0.09I r’=0.81 r’=0.81 r’=0.81 r’=0.86

p<0.001 p<0.001 p<0.001 p<0.001

n=18 n=18 n=18 n=18

y=0.5 y=0.4 y=0.1 y=0.04
Drimia sanguinea y=0.07+4.46x y=0.05+3.51x y=0.01+1.16x y=0.02+0.32x
x=0.05l r’=0.88 r’=0.88 r’=0.88 r’=0.76

p<0.001 p<0.001 p<0.001 p<0.001

n=20 n=20 n=20 n=20

y=0.3 y=0.2 y=0.07 y=0.04
Urginea epigea y=0.05+5.15x y=0.04+4.04x y=0.01+1.34x y=0.02+0.03x
x=0.1l r’=0.90 r’=0.80 r’=0.80 r’=0.76

p<0.001 p<0.001 p<0.001 p<0.001

n=26 n=26 n=26 n=26

y=0.6 y=0.5 y=0.2 y=0.02

3.3.1 Volume of bulbs harvested per annum

The meanestimatedsolumeper tradeiper annun(for both marketsylid not differ signifcantly between
species (p=0.82) and was betwe&®@ Btres (I) and 850I. Large standard error suggests that the volume
harvested varied to a largegtee between traders (Figure.1Overall,D. sanguineavas estimated to

be harvestedn the largest quantitigzer annun{850l) relative to other spées There was a significant
difference in mean volume/year (litres) between markets with Free State traders harvesting a
significantly greater volume of all specieg%8.31; p=0.001) (Table 10).

Page [L22



1500

Both markets:
Fs,84)=0.54
—~ p=0.82
T 1000 n=93 }
I
[}
>
o
IS
=
(=]
S 500 I
° £ 2 g g 2 £ £ 8 §
s 5 & E =2 ® 9 g 3§
= 3 ] @ @ o 2 5 S
5 g8 & = & g ¢ 2 9
P ] @ S © @ o
s & § = - 5 £ 9 E
8 & £ E o = £ B
< (o} = ‘= 8 ) E 35
g m @) [a) IS =
m [a)]
1500 _
All species:
t91:3.34
p=0.001
n=93
1000 |
j L 3
3
()
>
()
1S P S
>
©
>
500t
o 1 1
Free State Warw ick

Figure 10: Differences in mean (£SE) estimatenluméyear (litres)between a.) nine species and b.) Free State and
Warwick market. Rsults of Onavay ANOVA and Ftests are provided.

Speciesspecific mean volume/amm (litres) did not differ significantly foB. disticha B. volubilis, D.

elata D. sanguineaandU. epigea(p>0.05), although in general, a greater volume/annum was harvested
in Free State for all species (Figure 11). Traders in Free State marketstdthresignificant greater
volume/annum when compared to traders in Warwick @48; p<0.001) (Figure 11).
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Figure 11: Comparisons in estimated mean (+SE) volumel/year (litres) purchased by traders in Free State and
Warwick market for nine species. Results eE$ts are provided.

3.4. ESTIMATED NUMBER OF BULBSP’ER TRADER/ ANNUM
3.3.1. Number of bulbs sold per annum
The estimates of number of bulbs sold to consumers per annum were generally much less than number

of bulbs harvested (Table 9; Figure 1Byimia elataandD. sanguineavere the most commonly sold
speciesn the Free State while. robustaandU. epigeawere the most common in Warwick market.
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Table 9: Estimates of number of bulbs traded equivalent in size to the mean didpasted 6n the mean number of

bulbs per sale, the mean number of sales perrtateannum, the proportion of traders selling each species and
number of traders per market (Free State: 150; Warwick: 300). Estimates were only determined for markets where
the number of sales per day could be calculated).

Species Markets Individual equivalents
Boophone disticha Free State 54,338%4,462
Warwick 50,422+16,898
) . Free State 12,900
Bowiea volubilis Warwick 57,218+33,001
Crinum species Free State 14,250+9,500
Warwick 43,372+12205
e . Free State -
Drimia delagoensis Warwick 36,542+10,757
. Free State 219,900+£94,916
Drimia elata .
Warwick
Drimia robusta Free State )
Warwick 160,126+56,301
Drimia sanguinea Free State 107,180+51,951
Warwick 21,058
Urginea epigea Free $tate 5,100
Warwick 149,768+66,055

3.4.2 Number of bulbs harvestpdr annum

Based on the results of the regression analysis (Figusssdl® and Table)8the number of bulbs
purchased by traders for sale in the medicinal plant markets of Free State and Warwick was estimated
(Figure 12a and b. Actual volume was thouln to be an undegstimate of individual bulb volume for a
number of reasons, 1) actual volume based on water displacement did not take into account packing of
bulbs within a sack, 2) ovedried bulbs were used in all measurements and air pockets betvieen d

bulb scales allowed water to fill up spaces between bulb scales (decreasing the overall determined
volume). Actual volume thus provides an upper limit for the number of bulbs harvested. Volume
modelledon cube equations took into account the presehtiee neck region of the buind was thus

more realistic.

Overall for both methods, the estimated number of@ubilis, D. elataand D. sanguineaharvested
annuallywas greater in the Free State (Figure 12 a andBd&jphone disticha, CrinurapeciesD.

altissima, D. elata, D. robustand U. epigeawere harvested in greater numbers in Warwick. Both
methods followed the same treralsd theFree StateD. elatawas significantly different to all species

than D. sanguinealn Warwick, B. distichawas sigificantly different toD. robustaand U. epigea

(Fishers LSD: p< 0.05) (Figure 12 a and e greatest number of bulbs harvested wa®falatain

the Free State (between 550,000 and 2,500,000 bulbs depending on the method used to calculate
volume) (Fgure 12 a and bPrimia sanguineandB. volubilisin the Free State were also harvested in

large quantitiesCrinumspeciesB. volubilisandU. epigeawere harvested in large numbers in Warwick
(between 100,000 and 500,000 bulbs annually) (Figureat?i é).
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Figure 12 a and b Total number of bulbs harvested annually (Mean + SE) equivalent in size to the mes
diameter at Warwick and Free State markets. Results oMZ2yeANOVAs are provided. Resultd Fisher LSD
tests are provided (p<0.05) with different letters denoting significant differences between species (black= Fi
red= Warwick).

The total number of bulbs harvested annually for all species was significantly less when calculgted usin
the bulbs/bag volume regression than the cube equation (Figure 13). The estimations of total number of
bulbs harvested were highly variable (Figure 12 a and3 and should be taken as an order of
magnitude rather than an exact figure.
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4. DISCUSSION

The understanding of the dependence and vafluetural resources in the lives of rural communities
throughout the world (Shackleton & Shackleton, 2006) has developed, in part, from the antagonistic
views of development economics and conservation. Both of these views have guided and enhanced the
useof natural resources as a possible approach to increasing livelihood security and poverty reduction,
thus providing viable incentives for conservation and sustainable use (Shackleton & Shackleton, 2006).
Attaching market values on natural resources isroaans of conserving biodiversity and useful wild
resources, and has become more popular in the last decade with the proponents of this philosophy
encapsulating this in the catch p Althoagh eesofirces e i t
harvesting $ potentially damaging, the alternativaevhich is converting communal lands to some other

land usé is potentially even more damaging. Furthermore, if land is changed to another land use then
local households will have to source these resources else(feekleton, 2001). Traditional medicine

is a widely practiced part of South African cultures and beliefs (Chingtnay,, 2011, and as such
determining the impact of traditional medicinal plant use is vital.

4.1. ECOLOGICAL IMPLICATIONS OF HARVESTING.OCATION

Data collected from markets about the sources of supply (Chapter 3) of bulbous species suggested that
for almost all species, the majority of the individuals in the market had been collected from KZN and
Gauteng. Both these areas have been gvdhn danger ed6 or O6Vul nerabl ebd
(King et al.,2005) In addition, KZN falls within the MaputulargondolandAlbany global biodiversity

hotspot region (Map 2)K(ing et al.,2005) The effect of harvest and trade of popular bulbousiepe

will not only be on the harvested populations, but also on the ecosystems and the habitats from where the
species have been harvested. The sensitive nature of ecosystems in KZN makes the harvest of medicinal
bulbs detrimental at a landscape level.eSilass studies of medicinal bulb species commonly traded
(Chapter 3) show that in many cases, populations have already been affected. To have a better
understanding, however, there is a great need to understand both the economic underpinnings together
with the ecological implications of trade and harvest.
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4.2 EFFECTS OF TRADER AND HARVESTER PREFERENCES

One important factor influencing the effect of harvest and trade of medicinal bulbs is the preference of
traders and harvesters for lafigaglbed individuals. In Warwicknarket, there was a greater prefeen

for large bulbs (Figures 1 &). There are a number of reasons for this, firstly in terms of harvesting
effort, the bigger the bulb, the greater the price (in relation to volume obtained for a single harvesting
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even). It would appear, therefore, that there is an incentive to harvest larger bulbs. Competition between
traders may also be a motivator. With a greater number of harvesters, selling to a large number of
traders, harvesting efficiency must be high: the muoutbs harvested from a location in a single
harvesting trip, the greater the stock available for sale. Harvesters cannot afford to harvest only what
they need in one trip as this leaves available resources open for other harvesters. The number of
harvestes and the popularity and scarcity of the species all drive harvesters to haeatst gumbers

of bigger bulbs (Williamet al.,2001)

An implication of the preference for larger bulbs is that of age and related reproductive status. With
disticha, flowering and production of seeds only occurs approximatelyyéars after germination
(Dzerefos & Witkowski, 2001). Harvesters in general appear to prefer bulbs that are either flowering or
with seeds (Figure 1, Figure 2). Larger bulbs are more likellpteef or seedwhich makes them more

visible to harvesterddowever there is no data support that the reproductive status preference is related
to size preferences. Future studies are needed to determine the effects of such preferences and to
determine theeasons flowering plants are preferréa.addition, buyers appear fwefer bulbs with

flowers or seeds (Figure 1, Figure 2). Targeting reproductively active, large bulbed individuals can have
enormous ecological implications. For example, mean bulbed&mndecreased between 2001 and 2007

for B. disticha(Chapter 3), mainly due to the absence of very large bulbs in the market. This decrease in
diameters suggests harvested populations are being exploited (Cunningham, 1988), which has worrying
implications Boophone distich@rimarily occurs in open grasslands (Van Wytlal.,1997), which have
experienced high amounts of transformation and have high levels of degradation Reye001).
Medicinal plant harvesting, targeting large individuals whobetéer able to deal with fire disturbances

and likely to produce more seeds (Beadle, 1940; Cunningham, 1988), is likely to accelerate land
degradation disturbances on the species.

Trader practices and perceptions (Table 6) provided information on atestrpractices. Overall, in

both markets, respondents felt tiat volubiliswas difficult to locate, and that when found all sized
bulbs were harvested (Table 6). Species that are difficult to find or negatively impacted by harvesting
often become morenidemand, with an increase in R/kg, which acts as a further stimulus for over
harvesting (Williamset al.,2007a). Harvesters feel the need to harvest all sized butbsit so as to
maximise their income. However, this practice has very many negaplieations.

4.3. ECONOMIC VALUE OF COMMONLY USED BULB SPECIES

Commercialisation of resources is a growing trend in southern Africa (Shackleton & Shackleton, 2006).
This commercialisation changes volumes, trader preferences and even the demograph&s of
population involved in the harvest and trade in medicinal plants. In Free State, where there is no large
centre of trade but instead numerous smaller stalls in different towns and cities, the majority of traders
interviewed were traditional healers ovhie age of 50. Interestingly, the male to female ratio was
similar in the Free State whereas in Warwick 90% of the traders were not traditional healers, 87% were
female and the majority were between4tDyears in age (Table 5\Women with fewer sourcegf

income become increasingly reliant on resource harvesting as a method of income generation. One of the
reasons for this reliance is primarily because they have no means to leave their family to seek
employment (Shackleton & Shackleton, 2006). In addjtipoorer households are often involved in
more opportunistic, low skill and low return activities, with fewer barriers to €§Wijiams, 2003).

Poverty and opportunistic activities like medicinal plant harvesting are some of the forces driving the
expansion of the medicinal plant trade. Harvesting is often a last resort activity, sometimes characterized

by local capital or skills thresholds and participants are often ingatarated markets that offer very

low returns for labour (Williams, 2003). Rde in rural households whose income falls below the
poverty line are often forced to seek employment in towns and cities, which then creates streng rural
urban linkages and dependencies (Williams, 2003). Urbanisation is a dominant demographic trend and
mg or cause of global transformation with more t1l
(Pickett et al., 2011). However, the increase in urbanised areas does not decrease the volume of
medicinal plants traded; instead, the demand in SofrihaAis met by a network of harvesters, traders

and traditional healers (Willianet al.,2001).
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Differentiation in the medicinal plant trade is occurring and large numbers of harvesters come from rural
areas to sell harvested species to traders andahen home. In KZN, for all bulb species, the majority

of traders did not harvest their own stock but bought the goods instead (Figure 2). The same is not true
for the smaller, less commercialised, Free State stalls where for most species tradeedhtaniestvn

stock (Figure 2). The difference in trader practices and demographics between the highly
commercialised Warwick market and smaller Free State stalls is also mirrored in the species traded and
the percentage of income generated from the saleedicinal bulbous species.

The stipulated minimum wage in South Afmcaural areas in 2007 was R713 per month with the
minimum living requirement or poverty line, approximately, 8D per month (per family of four)
(Shackletonand Shackleton, 2006In addition, estimates suggest that in 20ppraximately 70% of

South Africans working in the informal sector earned less tha®ORla month (Chazan, 2005).
Although the financial gains from harvesting may not be immense, the overall economic valge of thi
6hi dden economyd (Cunningham, 1988) was approxi |
ca. 2007 (Mandeet al.,2007). Surprisingly, in the more commercialised Warwick market total earnings

per year for all medicinal species (determined by askiagers the total number of sales a day) was
significantly lower than in the small Free State stalls: approximately R12,000/year versus approximately
R25,000/year (Figure 3). This would suggest that traders in Warwick earn about R833 per month, lower
thanthe 2005 average (Chazan, 2005) but greater than the stipulated minimum wage in the rural areas.
More importantly, based solely on trade of medicinal plant species, traders at Warwick fall below the
6poverty lined which h amportantp bf i mediihal mantdradingim Sowtth e e
Africa.

Free State traders earn approximately R2,018/month creating an increased dependence on medicinal
plant harvesting in the area. Harvesting provides an income greater than the 2005 estimated average of
R1,000/month (Chazan, 2005) for the informal sector and more than double the average income in rural
areas estimated by Shackletenal. (2007). Seventy three percent of all Free State respondents are
traditional healers (Table 5Wwhich is likely to infuence the earning potential between markets.
Traditional healers are able to charge more for smaller volumes because of their knowledge and skills.
The increased commercialisation at Warwick has resulted in a decrease in traditional healers and an
increaseof the number of unskilled traders. These traders are unable to charge the same price per
volume.

There are a number of assumptions when dealing with the valuation of harvest and trade. One very basic
but important assumption is that interviewed respoitgl have provided true estimates. Warwick market

has been studied numerous times and has been raided by conservation officials in recent years. The large
number of traders leads to competition and prices and number of sales per day may have been lowered
for two reasons. Firstly, traders may not have trusted that the information given would not negatively
impact them and secondly, traders may not wish for the number of sales to be known by other traders as
this may invoke envy. In contrast, this is thetfsgidy in Free State markets and the National Museum

and regional conservation agencies have a very good relationship with the traders in the area (P.
Zietsman pers. comn). Traders and harvesters may have been more open and honest as they were not
worried about the negative effects of the information. Assuming that the valuation per market was
accurate, the most likely reason for this contrast in earnings per year is the large number of unskilled
traders in the commercialised environment of Warwick. W&eply (number of traders selling similar
species) is greater than demand, prices are likely to decrease.

Each bulb species will contribute to the overall earnings of the traders (Figures 4a and b), however the
magnitude of this contribution depends @an number of factors. Factors include the level of
commercialisation of markets, surroundings ecosystems and their dominant life forms and different uses
and medicinal beliefs of the people in the area. Zulu beliefs and uses dominate in the South African
urmuthi markets(Williams et al., 2001) Studies by V.L Williams in the Faraday market, Gauteng, in

2001 showed that 97% of the traders in the market were migrants to the area from KZN (\eilledms

2001; Williams, 2004, Williamet al.,2007a) bringing wh them Zulu medicinal culture and medicine.
However, commonly on Fridays and month ends, Sotho speaking women arrived in the market with
plants harvested from western Gauteng, Free State and Lesotho (Williams, 2003). These harvesters had
different specis on sale. The species on sale are related to the demographics of the traders in a market.
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Pricing structures and contributions of species fluctuate between markets and over time as the cost of the
plants per unit mass increases or varies according th¢ her er s 6 access to reso
of the markets to harvesting sites (Williaeh al., 2007b).In KZN, medicinal plants are harvested in

great numbers from areas such as Ulundi, Empangeni, Esttubatuba and Nongoma and the
informal tradeis growing constantly due to empding populations and increasing modernisation of
society Matsiliza and Barker, 200Ndawonde, 2006).

Williams (2004) hypothesised that the medicinal plant trade is driven to a large extent by customer
demand: howevehts demand may change, limiting opportunities and sometimes leading to a change in
harvesting activities. Despite this W lliamsdo (2
prices, leading to an increase in harvesting of scarce speci@ssbeaf the potentially higher incem
generated. One important téraf ecological valuation of resources is that scarcity will be reflected in
market prices. However, many practitioners of ecological economics distrust market prices (Loomis,
2000). Somedel that in order for prices to correctly reflect scarcity there is a need for knowledge of
future demand, stock and technology of extraction. Although market prices do have certain assumptions
attached they do provide an order of magnitude of the relatiweo r t h 6 0As medicisappéati e s .
populations decrease, constructive resource management and conservation strategies based in knowledge
of medicinal plant use are needed (Okighhal.,2008). \aluation can be useful to decision makers at a
nationd and local level (Olsen, 2005).

Scarcity and availability of the resource over time (including seasonal availability), consumer demand
and the plant part traded have a large impact on the market price of a species (\Wilkhn2007b). In

the Free &te, bulbous species assessed inghidy contributed between -BD% of the total earnings

of the traders and traditional healers (Figure 4a). Bulbous species in this study also contributed greatly to
overall earnings in Warwick market (Figure 4b). e State, the common bulbous species sold in the
area,D. elata contributed the mosto overall earnings while in Warwiclk). sanguineaappeared to

contribute the most (Figure 4b). This figure needs to be approached with caution, howeber, as
sanguineavas only sold by one trader at Warwick. The hegkimaed monthly earnings contributidoy

D. sanguinean Warwickc oul d be based on a high price paid f

Bowiea volubiliswas also not common in either market but appéate the most negatively impacted

in regards to population size structure of market bulbs (Chapter 3). Notably, trader interviews suggested
that this species was particularly scarce, with traders in Warwick market having to buy their stock from
Faraday(Chapter 3) and stock in Free State often coming from Lesotkg.viRlues are often used as an
indicator of value and risk to ovexploitation with assumption being that taxa with high R/kg values

are more valuable and face greater potential threatdigkvd et al., 2007b). WithB. volubilis there

were very high Rdg results, approximately R65/kg in Free State and R95/kg in Warwick market (Figure
5b)i thisis especially high in Warwick where average R/kg is approximately R20/kg (Figure 7b). This
high RKg value has some important ecological implications. With high monetary returns, traders will
continue to harvest the species in order to supplement their income. This suggests that the difficulty to
locate the species will not deter harvesters leaviagtieady impactedopulation highlyulnerable to

over harvestingDiameters in the market already showed an extreme inveskap&d relationship
indicative of a population with large numbers of small bulbs with no bulbs greater than 10cm in diameter
(Chapter 3).

In 1988, sources indicated to A.B. Cunningham ®atolubiliswaslocally extinct in the KZN area
(Cunningham, 1988)Sizeclass data together with economic value and historical information suggests
thatB. volubilisis highly threatened andare local extinctions may occur. Data from Faraday market on
R/kg shows that in this area, the species is more easily found with R/kg approximately R25/kg (Figure
5b). However, with average bulb diameters equal to approximately 1cm (Chapter 3), thg sténeit
species is expected to increaisereased scarcitieads toan increase in contributions to total earnings

and a higher Riixvalue can be expected if trends in the Free State and Warwick market are followed.

Sale value (R/kg) varies betweenrkets and over time (Williamet al.,2007b). Variation in sale value
depends on a number of factors including harvest
demand and plant part traded (Williagtsal.,2007b).There area number of assuptions when dealing

with R/kg. Firstly, when comparing R/kg values it is assumed that all species will be at the same stage of
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drying. This is not always the case. In a study of bark moisture content, species with the highest R/kg
were also species thaist the most moisture after harvesting (Williagtsal., 2007b). Thus, R/kg can

also be affected by characteristics intrinsic to the morphology of the plant part on sale (Vétlialms

2007b); because of this, g/ relationships should only be compafed the same life forms and plant

part on sale. Moisture content can also be important even when comparing the same life form types: in
this case, percentage water loss over a 12 week period was approximately 30% for all species and thus
the impact of dryig over time in the market is not likely to affect comparisons between species (Chapter
3).

The high R/kg value oB. volubilis (Figure 7a), is most likely related to decreased size of bulbs
occurring in the market (Chapter 3) rather than intrinsic idiffees between species. Despite this, it is

still essential to take water loss into account, especially in the large, moisture rich bulbous species. Bulbs
that are not so popular and are only purchased/harvested by traders at random intervals mawaeave a lo
R/kg value. Using ovedried mass to determine R/kg may decrease differences due to intrinsic moisture
content

In addition,R/kg proportions, however do tend to create a bias towards lighter and less dense plant parts
like B. volubilis When looking alarge dense bulbs, R values may not highlight the effects of trading.

In both Warwick and Free State more than half the traders suggested that the larg@&bdibticha

was difficult to locate (Table 6). Sizdassdistributionsof the species suggted that there was a
negative impact with a lower number of large bulbs occurring over time (Chapter 3). However, the
species contributed approximately 10% to overall trader earnings in Warwick and had &dovalRé
(Figures 4b and 5a). Willianet al (2007) found that in Faraday, R/kg was inversely proportional to the
mass of the products sold. The same trends were found in both Free State and Warwick market (Figure
6a) with large bulbed species having a greater raadgslowerR/kg value relative tosmallbulbed

species Small markets such as Free State appear to sell a smaller volume per sale (Figure 6b). At
Warwick, the relationship is similar to Faraday, although R/kg values are lower for the same mass per
sale (Figure 6b)

4.4. NUMBER OF BULBS HRVESTED

The number of bulbs sold to consumers per annum can provide valuable information on the popularity of
each species as well as the implications of trade. In all cases, estimates of number of bulbs sold to
consumers were less than the annual vollareested which is likely related to a certain amount of
wagage of harvested bulbs (TableFgure 12 a and bprimia elataandD. sanguineavere sold in the

greatest quantities in the Free State wbileobustaandU. epigeawere sold in the greatestimbers in

Warwick (Table9). For these four speciesiore than 100,000 bulbs per annum were sold. This estimate

is based on the number of bulbs per sale and the estimated number of sales per annum and for species
commonly traded may provide a more rel@abktimate of the number of bulbs (equivalent to mean bulb
diameter).

Medicinal plants are used in a multitude of ways; this suggests that medicinal plants should be evaluated
on a case specific basis (Dzerefos & Witkowski, 2001). It is also importagpeeciate the scale of
cultivation required to replace harvested stocks as well as to understand the extent of damage to wild
populations, as this allows an understanding of the impacts of harvesting (at both an individual and
population scale) (Williams2003). Bulb volume estimations can be very important in determining the
order of magnitude of the trade. Intrinsic morphological characteristics are extremely important when
looking at new, time efficient methods of estimating bulb voluBedistichaand Crinum species
appeared to have a similar relationship between bulb diameter and volume in that bulbs around 5cm in
diameter were less than Qie in volume. In contrasD. altissimabulbs from the Hyacinthaceae had a
smaller volume at larger bulbatneters (Figure 8). This suggests that diameter size is not the only factor
influencing vol ume. Both Amaryllidaceae speci es
relatively dry and although increase the diameter do not influence the water comtéatge extent. In

contrast, Hyacinthaceae species have water rich bulbs. When dried, the bulb leaf bases become thin and
brittle and there is a certain amount of space between each leaf bases. This then influences the
relationship between diameter andlurne. In all cases, ovedried bulbs were used in volume
calculations making their drying characteristics important.
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Despite these intrinsic differences, regression relationships between actual volume (based on water
displaced) and estimations of volunt@ged on volumetric equations) (Figure 9, Table 8) were similar in
numerous ways. Firstly, the smallest estimates of volume were based on sphere equation and the largest
estimates of volume were based on the cube equations. Actual volume as determigedatesin
displacement andias the smallest estimate of volume for all spe@tégures 8) In this case, volume of

actual volme and volume based aubeequations were usdad determine number of bulbs harvested
Actual volume therefore provides an uppkmit of the number of bulbs harvested as space between
bulbs is not taken into account. Water displacement has been used to determine the true volume of
hardwood logs (Martin, 1984in agricultural products (Wang and Nguang, 2008) and to determine the
accuacy of volume estimation@reimanet al.,1982). The regression analyses between bulb diameter

and actual volume was strong for species sudh\asubilis, B. disticha, Crinurapecied. robustaand

U. epigea(between 7=0.96 and #=0.75) (Figure 8) sugpstingthat in the future, bulb diameter can be
determined in the market and bulb volume will be closely related. Regression analyses between cube
estimation of bulb volume based on watemptiisement volume (Figure) @lso had relatively high?r

values ¢ > 0.70 for all species other thdh altissimg (Table 8). Once again this has important
implications for use in market situations as spespExific estimates based can be determined.

The concept of individual equivalents (Williamst al., 2007a) dbws for a more composite
understanding of harvesting and resource use in general. While data on the estimated mass of plants
harvested annually informs the magnitude of resource depletion, these data would be of more use if they
were translated into thaimber of individual plants harvested annually (Williams, 2004). By estimating
overall volume at the stall and overall volume sold by traders and dividing this by the average volume of
a species for the mean bulb diameter on sale, an estimation of therrafrbblbs sold was determined.

There was a significant difference between the two estimates of the mafritadbs harvested (Figure

13) with estimates based on actual bag much latger estimates based on culmdume The actual

volume was very largeof most species (up 2,500,000 fr elatg which most likely represents an
over-estimate and upper limit for the numlzgrbulbs harvested per year fale in traditional medicinal
markets.

Importantly, although these estimations can highlight intéxaseesting pressure, the numbers present
more of an order of magnitude than the 6true va
greater than that at Warwidkr B. volubilis D. elatg D. sanguinegFigure 12a andb). Although the

standard eor of the mean was great, these estimates do provide some important information on the
status of the resource base. Conservation assessments such at the Red Data list of medicinal plants often
have to use extrapolations of existing data to infer impacis Staderet al., 2009). Inferencesn the

extent of resource use (related to the estimated number of individuals harvested) can provide important
information for conservation assessments and managers of threatened species populations.

Drimia elatais not particularly popular in Warwick or Faraday, the two largest medicinal plant markets

in South Africa and due to taxonomimcertaintywith D. robustawas listed as DatBeficient in the

recent Red data list (Williamst al.,2009a). At that time, the rgaitude of trade in the Free State had

not been quantified and data such as these provide important information for decision makers and
conservation managers. This data also emphasises the need for countrywide surveys. The composition of
the traders in Wavick and Free State are different as are their preferences (Table 5, Figure 1 & 2), and
without countrywide samples, some species may be overlooked. One of the major priorities listed by the
recent Red Data list book was an urgent focus on taxonomic napiegon all specidisted as DDT

(Driver et al.,2009). It was estimated in 2009, that betweei3@% of plant taxa in South Africa have
never been revised or have not had revisions since 1945 (Btiatr, 2009). Old taxonomic revisions

do not have thanformation required for conservation assessments.

At Warwick, D. robusta (currently synonymous witld. elatg was harvested itarge numbers (c.a.
500,000 based on actual volume dxd 000 bulbs/year based on cube equatiffrigure 12 a and)b

This species is very popular in Warwick although it does not appear in Free State markets (and only
occasionally in Faraday markets). The R/kg valuB.afobustawas relatively low (R10/kg) (Figure 59),
however it was cited as popular by the majority of trad@5% at Warwick) and difficult to locate (71%

at Warwick) (Table 7). In this case, one source of data does not provide all the relevant information
regarding the implications of trade and harvest. Although, this species is popular, used in great numbers
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and difficult to locate in the wild, this has not translated in a higher R/kg value. Numerous sources of
information are needed in order to properly determine the impacts of trade.

Crinum specieswere harvested in the greatest numbers (based on cuagoegyin Warwick market
(c.a.500,000 bulbs/year based on actual volum&28r 000 bulbs based on cube equalidrgyure 12 a
and h. Seventy percent dErinum speciesat Warwick marketvas identified atC. moorei(Table 4;
Chapter 3).Crinum mooreiwas classified asvU A4de in the latest Red Data book (Willianet al.,
2009 mainly due to its limited distribution in KZN and intense harvesting fouthathitrade. The
large number ofCrinum speciesbulbs harvested for sale in Warwick has negative wafitins for the
already vulnerabl€. moorei

Not surprisingly, a large number of individual equivalents were calculatdsl. feolubilis (Figure 12 a

and B. With market sizeclass distributions showing that the greatest numbers of individuals were
between 1cm and 2cm in diameter (Chapter 3), the risk of harvest and trade is extremely high. In
addition, unlikeD. elataandD. robusta B. volubilisis popular in both markets and difficult abtain It

is especially important to consider the impacts of/ésting on population as well as landscape levels
(Cunningham, 2001). The majority of known localities occur in KZN although the species was already
thought to be locally extinct in many areas in the province in 1988 (Cunningham, 1988). In addition,
localities occur in biodiversity hotspot areas and areas that are thought to vulnerable or endangered
(Maps 1 and 2.). The remaining localities are centred around Gauteng which is highly impacted by
human expansion and habitat encroachment. This distributidredearound large cities (for all species)

may be due to collection effort.

Number of specimens
collected per QDS

=100

<100
. <50
B <0
B

Map 3: Number of herbariurspecimens per QDS (Quarter Degree Square = +676)¢knom Raimondo and Von
Staden, 2009).

The number of specimens collected in certain area®wthSAfrica is very low (Map 3) and is largely

due to collection effort. Areas near rgatbwns and cities are more likely to be visited by taxonomists

and in areas such as the Kruger National Park, decades of study have provided large numbers of
specimes. This disparity between certain areas can affect our knowledge of species distribution and
range and distribution maps provided in this study (although based on numerous herbaria data) is most
likely an underestimation of the true range of these spdaoidlse same way, harvesters are most likely

to overharvest and impact populations in areas close to roads, towns and cities. However, the paucity of
data on plant population sizes makes it difficult to judge the annual rate of decline for a species based
off-take for the medicinal trade (Willianet al., 2007b). By estimating the number of individuals and
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comparing this to the number of known localities, it becomes easier to understand the order of
magnitude of the trade and the ecological implicati®p&cies with smaller distributions are more likely

to be at risk.Boophone distichdhas a very large distribution (Chapter 2) whie volubilis has a
comparatively small distribution. AlthougB, distichais traded in large numbers and is very popular,
traders feel that it is nasdifficult to find asB. volubilis Population sizes of harvested species also
provide much information regarding the regeneration ability of harvested species

At Warwick market,D. sanguineas not very common and only twaafls had a small number of the

bulb. Sales estimates suggest that despiteDhsanguineds actually more common in Warwick than it

may appear. This also could be related to the high level of commercialism in the iDadeetguineas
extremely poplar at Faraday market and traders in Warwkick o w i t as the d6éJohan
inDoganazimbovanaa name given to popular speciBs,robustain Warwick. Traders who come down

from Johannesburg with collected material to sell will be able to sebpbeies as it is not unknown
despite the fact that it is usually collected in Gauteng (Chapter 3) and according to herbarium data is
only known from localities in Mpumalanga, Limpopo, Gauteng and the North West (Chapter 2). Despite
its popularity in Farada(where interviews could not occur) and its sale in both Free State and Warwick
market, D. sanguineais known from only44 known QDS points localities and although numerous
populations may occur with one locality, it has a much narrower distributionDthatata (74 known

QDS) or B. disticha(168 QDS)(Chapter 2). In addition, records show tBatsanguineavas actively
eradicated from many localities where hundreds of thousands of individuals were destroyed to prevent
cattle poisoning (Stent and Cursds29).

In South Africa, the use of indigenous medicine is widespread, with value of traded material equivalent
to statesubsidized health programmes (Shackleton, 2001). More than 1,000 species of medicinal plants
are traded in southern Africa. The annualue of this trade is approximately R2 billion/year c.a. 2007
(Manderet al.,2007).Cont ri buti ons of natur al resources to
from over 50% in some settings to less than 20% in others. Thus, understanding ttee tfetto
influence resource use can help provide information on economic as well as conservation issues
(Shackleton & Shackleton, 200®lant populations can be driven to extinction if harvesting increases to
chase an evatiminishing yield (Begoret al., 1986). However the impacts of harvesting depends on
factors such as plant part removed; the level of harvesting and the efficiency of the gatherers (Williams,
2004). For bulbous plants or smaller herbs and shrubs where the roots are entirely removitieoften
sign remains of their former presence in a locality and field observations are usualhestmdates.

There is a relationship between the species population size and volume of material available to harvest
(Wild & Mutebi, 1996). This relationshijs modified by a number of factors including species ecology
and life history, as well as the growth and reproductive capacity and how this capacity responds to
harvesting. Moreover, for any one species the range of harvestable quantities will vamycaldiitn|

season and plant part harvested. This range can be considered the margin of vulnerability (Wild &
Mutebi, 1996).

Looking at both economic value and ecological implicatidnsamle and harvest can provide overall
indication of the importancand value of species to household income, which can be a driving factor of
harvesting intensity. In both markets studied, all species contributed between 10% and 50% of total
earnings. Bulb species contributed more in the less commercialised marketgiiasgiand regions of

the Free State. With increasing populations and poverty, there may be a move towards a more
commercialised state in the smaller Free State markets which would have damaging consequences on
common species sudB. disticha, Crinumspeces Bowiea volubilisand Drimia elata In the more
commercialised Warwick markethe largest medicinal plant market in southern Afribalbs also
contribute a large amount to total earnings. Although these are estimates, they do provide an order of
magntude in regards to trade and harvesting impaatsaber of bulbs purchased by consumers showed

that popular species are sold in large quantities, while estimates of number of bulbs harvested show the
magnitude of trade of commonly used resourtésing otler information such as R#y sizeclass
structure and changes in bulb diameter (Chapter 3) and localities (Chapter 2) can provide these estimates
with more value as they can indicate the number of bulbs of a certain size that are needed in each locality
just to provide enough bulbs at the current harvesting rate. What is clear, however, is that harvest and
trade has ecological implications for all species. The extent of these implications relates to intrinsic
morphological and population characteristicapuylarity and extent of harvest. Using siass
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distributionstogether with irdepth information on species characteristics can provide new methods of
understanding the ecological implications of trade.
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CHAPTER 5
Discussion and Recommendations

1. GENERAL DISCUSSION

The relationship between human activity and the environment has created ecologic&¢sneinic and
cultural patterns and feedback mechanisms thakergothe presence, distribution and abundance of
species assemblages (Farina, 2000). The trade in traditional medicinal plants in SouthwAdfrica
estimated to be worth approximately R2.9 billion per year with 27 million consumers throughout the
countryca 2007 (Manderet al., 2007). Bulbous species compdsabout 14% of the traded medicinal
plant species in South Africa (Mandgtral.,2007), however thenajority of research at the individual or
population level has concentrated on a limited number efftifms and plant parts and the ecological
consequences of harvest and use of commonly used bulb species is poorly known (Ticktin, 2004).

Landscape transformation is unavoidable with ongoing human population growth anecowmic
development. In adtion, socieeconomic development has been prioritized by the South African
Nati onal Government 60s (Edeteetet ah,204(). Cansemvadian t treerefare, hais | 2 (
to evolve to be politically acceptable and conservation decisions cannatindsolation any longer
(Coetzeret al.,2010). Apart from land use change and increasegdeb@ssions leading to global climate
change, human populations impactnatural resources by using them for food, firewood and as grazing

for livestock. In addibn, plantspecies play an important role in the provision of essential services such
as water and aipurification, prevention of soil erosion, regulation of climate, pollination of creps
(Raimondcet al.,200%). The loss of any speciean therebre, diminish the quality of our lives and our

basic economic securityrthere has been a growing awareness of the importance of species diversity,
however many species are declining to critically low levels (Raimaridal., 2009). Conservation
targets,mcl udi ng those set by the Convention of Biol
diminish the extinction crisis. However, without an understanding and documentation of anthropogenic
effects, no real decision making and conservation cangioe and impacts of anthropogenic use of
species can go unchecked and in some cases lead to local extirpations or even extinction (Réimondo
al., 200%).

Traditional medicinal markets can be used as a source of inforni@tidaterminingthe impactof plant
harvestingby combining a multitude of information varying from economic returns (earniRs)) to
perceptions (popularity, scarcity) or volume of plant species traded (Wildaals2001, Williamset al.,

in press). Thesdatacan be thoughof as indicators of negative effects of ecological impact (Figure 1).
The most direct ecological consequences of medicinal plant hagvast changes in thaurvival rates,
growth and reproduction of harvestedpulationgGaoue and’icktin, 2007). Howger, the use of plaist

as resources (e.g. for medicinal purposes) can lead to local extirpatol®)% of all plants harvested
for the medicinal plant tradare estimated ttead tothe death of the individual plant (Mandet al.,
2007).

In order tounderstand the totality of ecological impacts, there is a need for studies that integrate large and
varied amounts of data about species of concern. All species have specific external and internal factors
that influence their population dynamics. Exterfaaitors are not related to medicinal market harvesting,
however, they can have either a negative or positive impact on harvested populations and thus also need
to be taken into account. These external factors can include, but are not lintitedbieory,the effect of

exotic invader species, climate change and fire regimes. Internal population factors can be thought of as
factors that are implicit to each species and can include time to maturity, distribution and the threat level
to the biome in which thepecies is most likely to occur (Figure Gapue and’icktin, 2007;Strandby

and Olsen, 2008).
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Figure 1. Integrated external, internal and market factors affecting commonly used medicinal species.

The main aim of this study was to determine thdaggoal consequencegether with some economic
implications of the harvest and trade in commonly used medicinal species. Chapter 2 provithedtise

to identify many of the specieMost medicinal market studies are based on inventories of ethnaspecie
(i.e. the traditional name a species may be known by) (Hanataki., 2000). Different traditional
medicinal resources may vary in population structure, density and react differently to harvesting
(Cunningham, 1993). Studies based on identificati@pézies level allows for a greater understanding of
ecological impacts ofrade. Chapter 3 focused on sizdass distributions, whil&Chapter4 provided
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estimations of the volume, economic value as well as the number of individual equivalenf@arhis
chapter focuses on creating a synthesized and integrated discourse on all data,doléesied on the
indicators of ecological impact, together with internal and external population factors that can have an
effect on the consequences of harvest ane ti@dmedicinal purposes.

1.1. THE IMPORTANCE OF IDENTIFICATION TO SPECIES LEVEL

Medicinal plant surveys in South Africa have provided a wealth of information on the extent and impacts
of trade and harvest of commonly used species (Willieinad., 2007, Manderet al.,2007, Cunningham,

1988 Bothaet al. 2004aand Dold and Cocks, 20023pecies making up an ethnospecies grouping may
vary greatly in their geographical distribution, population density, growth rate and population biology
(Cunningham 1988)In this study, eight ethnospecies (excluding variations of spellings of the same
ethnospecies name) were recorded, includiBgpisila, iNcothq isiKlenama, uMahlokolozaskenama

White skenamaumHlabeloandinDonganazimbomvanaUsing vegetative charaistics together with

leaf and reproductive chaiters nearly doubles the numh#rspecies were identified (Chapter 2, Table

1).

Vegetative plant part identification is possible for species of the Hyacinthaceae and to a certain extent, the
Amaryllidaccae. Without speciespecific identification, traditional medicinal plant surveys cannot
provide the detailed information needed for conservation planning and decision making. However,
identification to species level is difficult, making this study on¢hefonly medicinal plant surveys that
attempts to provide a key to species level identification based on bulbous material. In the survey of some
commonly traded geophytes (Willianet al., 2007), there was a concerted effort to identify species
belonging t the ethnospecieskenama(Drimia specie} however, due to taxonomic uncertainty and the
difficulty to identify vegetative parts, some species were misidentibeddnguineavas identified a®.

elata) (Williams et al.,2007). The paper o. cooperishowed that the distribution of the species was
wider than previously thought (Croueh al.,2010). The previous taxonomic revision of the species had
misidentified a number of specimens and this underestimated the extent of the known distribution. These
examples highlight the need for vegetative identification.

One of the main factors influencing the effectiveness of medicinal plant surveys is clear taxonomic
information allowing for easy identification of species. In medicinal market settings, repvedpieint

parts such as flowers are very rare and most material is sterile. Identification based on vegetative
characteristics is thus very important. Taxonoufiiterentiation of bulbous species, however, does not
usually take into account distinctions lmlb colour, size, bulb scale type, shape or factors such as
stinging sap or splinters (see Jessop, 1977). Identification without description of vegetative parts can lead
to confusion with certain species of the Hyacinthaceae and Amaryllidaceae havingsivdar
reproductive part characteristics, for examjile elataand D. robusta This taxonomic uncertainty can

lead to issues surrounding the protection of the spdai@sia elataandD. robustawere both listed as

Data Deficient in the recent Red Rdist because of a lack of information on the taxonomic differences
between the species (Raimoretal.,200%D; Williamset al, 2009¥).

1.2. SYNTHESIS OF FINDINGS

One of the key objectives of market surveys is to monitor the effects of trade aedtingrvTable 1

shows some of the key results tabulated together with Red Data List assessments for the species
investigated. For the most part, the threats to species inferred by the results of this study are congruent
with the Red List assessments. Faample, all indicators in this study suggest tBatvolubilis is
negatively impacted by trade. The species was assessed as Vulnerable in the recent Red Data List
assessment (Raimondbal.,200%) , and there has been a O30% decl i
the past 30 years. With the species locally extinct in many areas of KZN and still traded in high volumes,
this assessment is duly justifiedrinum mooreiwas also assessed Vulnerallee to its decline in the

past and the anticipated decline in the future as a result of harvesting for the medicinal plant trade
(Williams et al., 2009m). Crinum speciesas a whole are popular and traded in large numkzisum

mooreiis the most prevalérspecies in the KZN markets; in addition, it commonly occurs in human
degraded habitat in KZN and is affected by the Amaryllis caterpiBaithyys crin) (Nichols, 2005;

Williams et al.,2009n).
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Urginea lydenburgensidias a very restricted distributian Mpumalanga and any decline will have

lasting impacts. The species was assessed as Near Threatened based on its restricted range, however sorr
population decline has occurred but the extent and time frame are not known (Witiams2009K).

Drimia sanguineawas also assessed as Near Threatened (Willetrred., 2009), however it has a
relatively large distribution. The number of bulbs equivalent to the mean market diameter traded is
approximately900,000in both markets combined’he species is vergommon in Faraday market and
although no estimates could be calculated, the number of bulbs needed to sustain the trade is large. In
addition, records show that the species was actively eradicated from many localities where hundreds of
thousands of indiduals were destroyed to prevent cattle poisorigrnt and Curson, 1929

Urginea epigeavas assessed as Least Concern (Williatred.,2009); however, this study has evidence

that the population is already declining. Bulb diameters reported in dnatlite are 3 larger than

market diameters. This may be due to drying out of bulbs in the market place however this figure also
suggests thaiarvesters no longer have access to the large bulbs they did in the past. With approximately
183,000 bulbs hargted every year for trade in Warwick market, population regeneration is likely to be
affected. This species does occur in the Kruger National Park, which provides a buffer from harvesting.
However, the species contributes a large percentage to totalgsaamd has a high R/kg ratio, which
suggests that harvesting pressure will not decrease. Thelaszedistributions and number of individsial
estimated to be harvested annually indicates that the South African population is already declining; hence,
theresults suggest that the species should be reassessed as LeastDeclgeny.

Drimia delagoensishas a relatively small geographic range and has an inveshapédd sizelass
distributionwhich indicates the population has been negatively impagtdthtvest and trade. Of more
concern is that the species did not appear in Faraday in 2001 (Wikiaals 20079 and it is now
seasonally common. Thus, changes in population structure would have occurred over a small period of
time given evidence of haesting for theumuthitrade. The results sggst that this species should
possibly be reassessed as Declining or Near Thr
hi story of the taxon, i n the pamnsohdoet al.r200eims or
occurred and a decline of at least 20% can be inferred.
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Table 1: Synopsis of indicators of ecological impacts on commonly used medicinal plants.

Indicators
Iﬁl(ziol\? Distribution * Market size-class Place of % decrease in Significant Contribution ~ Maximum estimated R/kg® Minimum
Red distributions? harvest bulb diameter change in to overall no. of individual flowering
. L reported in  bulb trader equivalents x 1000 diameter
Species literature vs. diameter earning® (calculated based on (cm)®
status 2
markets between the volumes of bulbs
20017 2007 traded at Warwick
(V=yes; and Free State Market
U=no) Combined).
Boophone LC-dec
disticha 78%- KZN Free State +
11% GP 40% u 30% +100 +8R/kg  3.6cm
11%- Lesotho warwicki
+ 8%
Bowiea volubilis VU 50%- KZN Eree State +
A2ad 40% GP 45%
10%-Swaziland 67% \% Warwicki +700 +45R/kg 2.3cm
+12%
Crinum LC-dec
bulbispermum
Free State +
30%
rinum o 8182‘)& Ké’F\,' 33% y Welrvg/jjzk'r +300 +12R/kg  4.4cm

buphanoides

! Species w$tributions provided in Chapter 2

Z Size class distributions provided in Chapter 3; Figure 1

% Place of Harvest isrpvided in more detail in Chapter 3; Figure 2

* More detail on percentage decrease is provided in Chapter 3; Figure 7

> More detail on the differences between bulb diameter between 2001 and 2007 are provided in Chapter 3; Figure 6.

® Contributions to ovell trader earnings is provided in Chapter 4; Table 4.

" Volume is provided in Chapter 4; Figure 10a. The figure provided in the table above is calculated by adding togetHeartheaioralume traded per species for Free State
and Warwick and dividig by the average volume of one bulb (volume based on the mean diameter).

8 R/Kg is provided in Chapter 4; Table 7

° Minimum flowering diameter is provided in Chapter 3; Table 6.
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Indicators

Ia%),\? Distribution ! Market size-class Place of % decrease in Significant Contribution Maximum estimated R/kg® Minimum
distributions 2 harvest bulb diameter change in to  overall no. of individual flowering
Red ) . .
) L r.eported in bylb tradgr equivalents x 1000 dlamgeter
Species Status literature vs. diameter earning® (calculated based on (cm)
markets* between the volumes of bulbs
20017 2007 traded at Warwick
(V=yes; and Free State Market
U=noy Combined).
Crinum LC-dec
macowanii
Crinum moorei VU
Adde
o
Crinum LC-dec
stuhlmannii -“n
o
140Drimia LC-dec e
altissima N 50%- KZN
T i 33%- GP 26% No Data +100 *10R/kg  No data
it 1 [— 17%- EC
et b
Drimia LC S—
delagoensis Warwick i
100%- KZN 2.6% +12% +450 +15R/kg No data
Drimia elata DDT v
59%- KZN Free State +
33%- FS 7.1% 15% +1400 +35R/kg No data
; 8% - Lesotho
Drimia robusta  DDT
Warwick i
04 -
See map fob. elata ggojz };AZPN 14.4% + 5% +600 +10R/kg 2.8cm
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Indicators

Ia%),\? Distribution * Market size-class Place of % decrease in Significant Contribution ~ Maximum  estimated R/kg® Minimum
Red distributions 2 harvest bulb diameter change in to  overall no. of individual flowering
) L reported in  bulb trader equivalents x 1000 diameter
Species Status literature vs. diameter earning® (calculated based on (cm)®
markets* between the volumes of bulbs
20011 2007 traded at Warwick
(V=yes; and Free State Market
U=noy Combined).
Drimia NT e 32%- KZN
sanguinea A2d s o 28%- FS Freelgg/atei
22%- GP o8
7 6%- NW -11.%% Warwicki +900 +30R/kg 4.5cm
6% MP +18%
6% - Lesotho
Urginea epigea LC %
g pig R I 80%- KZN Free Sgate +
£ g 10% MP a5%
' "" ﬂ 5%. EC 30.4% U Warwicki +400 +15R/kg  7.7cm
o R 0,
O 5% - Swaziland =%
Urginea NT —
lydenburgensis  Blab \ e e
v) T - |\|| 100% MP 33.0% No data No data No data +12R/kg  No data
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The review of data collected in this study (Table 1) shows the resolution of detailed information
traditional medicinal market surveys can provide if spespeific data is collected. It also outlines the
difficulty of market surveys when identification tospecies level is not possible (e@rinum specie¥

and highlights the areas where more infation is needed. Data is available for bBthdistichaandB.
volubilis due to easily identifiable vegetative parts and the common occurrence of these species in
medicinal plant markets of the eastern part of South Africa.

Comparisons with the recent R®ata List suggest that market data and the Red Data assessments are
very similat this is partly because preliminary data from this study was incorporated into the Red List
assessments. Medicinal plant species usually have large distributions, whichk tmede difficult to

assess in terms of the restricted range criteria (Raimendb, 2009). By specifically using medicinal

plant surveys to infer decline in populations, assessments that are more detailed were possible. Only two
commonly used medicinapecies from this study are thought to be more impacted than the 2009 Red
Data assessments suggests.

1.3. SPECIES DISTRIBUTION AND ECOLOGICAL IMPACTS

Distribution maps based aquarterdegree squargQD9) collected fromseveralherbariain South Africa

provide an overall impression of both the extent of the distribution throughout the ¢amirthe

number oflocations at which species occlm.general, if a species is widespread andurs inmultiple

locationsit is less likely to becom@ationally extinct, towever there is ample evidencé apmmon

species becoming extinct (Gaston, 2008). Studies in the past have often focused on rare plants, as they are
disproportionately vulnerable to extinction events because of the small numbers of indiv@hsitn(

2008). There is a need for national herbaria to create a bridge between local botanists and conservation, as
distribution data of plant species is often based on herbarium specimens (Schatz, 2009). However,
distributions based in QDS data from heih are affected by collectiaffort. Areas in the Northerand

Eastern Cape have a much lower number of specimens collected per QDS than other areas (Raimondo
and Von Staden, 2009). The high density of QDS points around cities in Gauteng and KwaZlils Nat

most likely related to the ease of access to species in the areas. Populations in these areas are also more
likely to be impacted by harvesting, however other populations which have not been collected most likely
occur in less dense areas.

Urbanisdion is a dominant demographic trend with estimates suggesting that in the next 25 years, all
population growth will occur with in urban areas (Piclettal.,2011).It is therefore imperative to study

the relationship between conservation and urbanisdiickett et al., 2011). In Cape Town, South
Africa, the concentration of biodiversity within the city poses a challenge for conservation (Biedkelo

201)). Threats for species around urban areas include (but are not limited to), plant collection and
resource use, alien invasive species, air pollution, sewage pollution and loss of habitat integrityetRebelo
al., 2011. Although most likely related to collection effort, the-occurrenceof high numbers of QDS
locationswith areas of high human densitg.g.around large metropolitan asesuch as Johannesburg)
makes the populations occurring within these localigiekigher riskof overexploitationthan species
occurring in areas of low human density.

Other factors thadlsoneed to be consideredcludeland use change, protected areas and the effects of
climate change. For exampk®, distichais widely distributed in all provinces of South Africa. However
known populations are clustered around large cities in Gauteng, Free State, Easterrd GapaZaih+

Natal. These populations near cities are likely to be negatively impagetb their proximity to human
populations and ease of access for harvestgrsther concern is that the species occurs mainly in the
grassland biomewhich is severelyhreatened and has very few protected areas (Reyeak, 2001;
Grobleret al.,2006) Speci es which dondét occur in protected
areas provideThe number of specimens collected in certain areas of South Atma (Raimondo and

Von Staden, 2009), and is largely due to collection effort. Areas near road, towns and cities are more
likely to be visited by taxonomists. This disparity between certain areas can affect our knowledge of
species distribution and rangedadistribution maps provided in this study (although based on numerous
herbaria data) is most likely an underestimation of the true range of these species. In the same way,
harvesters are most likely to overharvest and have an impact on populationasirclaser to roads,

towns and cities.
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Distributions Availability

Population size Perceived scarcity
Number of individual Ease of Access
equivalents
Price
R/kg

Contrikution to total
earnings

Figure 2: Conceptual diagram of the integlationships between population, trade and economic factors.

Effective conservation plans require accurate estimates of species distributions, such information can
allow conservationists to predittowa speci esd® distribution wil!/ re
environmental (climate) change (Hernanéeal.,2006).Population size is influenced by the extent of a
speciesoO0 distribut i omfluendes the swe of the resburce hase an dgncelthee t i
number of bulbs that can be harvested before the population starts to decline. Therefore, species with
more restricted distributions are at greater risk of -bnevesting (Figure 2). Species that asadily
available, easy to access and not perceived to be sarallyhave lower R/kgzaluesand make smaller
contributions tothe overall earningsof the traders.Urginea lydenburgensidhias a veryrestricted
distribution (Table 1) with only a few loctits knownin Mpumalanga, hence increased and sustained
harvesting efforts will negatively affect the species.

Another factor linked to the geographic range of the species is the possible harvesting sites available.
Although the majority othetraders aid that bulbs were collected in KZN (Table the size of the bulbs

can be related tthe sourceStudies on two Hyacinthaceae specles;henaliac.v. Ronina (Du Toiet

al., 2002) andOrnithogalum longibracteaturBaker (Kulkarni et al., 2005) suggesthat bulbs develop

slower at lower temperatures (10°C), and faster at medium (P5°C) than high temperatures (>30°C).

The grassland biome makes up about 76% of Lesoth
14.7°C and approximately 40 frodays (Mucina and Rutherford, 2006). Bulbs collected from these
cooler areas may be naturally smaller as the time taken to develop may be longer at these lower
temperatures. These cooler temperatures could explain the sealistichabulbs occurring ithe Free

State markets as some specimens in the markets are likely to be collected from Lesotho which is cooler
than South Africa.

Studies have also shown that often bigger bulbs occur in drier areas because sporadic rainfall makes the
nutrient and watestorage function of a bulb vitaP(r o cehat.,2005).In more reliable rainfall areas,

bulbs are smaller and there are often decreased extinction rates. Bulb species can contribute more energy
to reproduction and less to nutrient storage as resources are lesdicsporeeliable rainfd areas

(P r o ceha.,R005. The ecology, impact of climate and intrinsic features of each species needs to be
combined with market data in order to properly understand the impacts of harvest and trade. In KZN,
summer rainfall is relatively predictabénd reliable (Jury, 1998). Reliable rainfall would suggest that
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bulbs are smaller and less likely to become locally extinct. However, in the context of South African
harvesting patterns, KZN has the largest medicinal plant market in southern Africsarasla large
human population which suggests that these bulbs are most at risk.

1.4. ECOLOGICAL IMPLICATIONS OFCHANGING SIZE STRUCTURE

Resourceuse scientists use sizdass distributions to understand the effects of multiple uses on
populations (Bdtaet al.,2004; Wilson and Witkowski, 2003; Willianet al.,2007; Helmet al.,2009.
Traditional healers and harvesters, however, do not take decreased bulb diameters into account if the
species is still readily available, (although, they will notickeerease in size) (Mr. Mvubu, pers. comm.).

The sizeclass distributions dB. volubilisfollows an inverse-3haped curve, which is often interpreted as
describing healthy and potentially growing populations (Wilson and Witkowski, 2003). This, however,
may not hold true for longelived individuals where species can sustain population levels with low or
episodic recruitment (Venter and Witkowski, 2010). In this case, the highly skewed size stru&ure of
volubilisis related to the low numbers of largdidmuavailable for harvest.

Demographidrends areften better described by life stages than silessdistributions (Williamset al.,

2006). In addition, sizelass distributions allow identification of poorly represented life history stages
and alsohe stages that are affected by variations in harvesting intensity (Wikiaals2011). Studies

on the genugllium suggest there are three pertinent life stages: seedlings, juveniles and reproductive
adults. The juvenile stage often lasts betwe@ny6ars and is interspersed with dormant periods (Phillips

et al., 2017). If commonly used bulbs are harvested during this dormant period then individuals are
unable to contribute to the population before they are harvested. Studies of the commonly usedl medic
bulbsMerwilla plumbea(Lindl.) SpetaandUrginea maritimalL. Bakersuggest that bulb size and age is
highly correlated (Williamt al.,2006;Williams et al.,2007b; AtTardehet al.,2008). Dueto the lack

of data on the relationship between bulje @and diameter however, it was not possible to estimate the age
range of the bulbs encountered in this study during the market sur@ysver, a small sample of bulbs
collected in this study suggests that specimen®.of/olubilis that are about 2cm idiameter are
approximately 5 years iage.If individuals take approximately 5 years to reach 2 cm in diameter, the
time taken for the resource base to regenerate is large, even for small bulbed species. It is not known how
long B. volubilispopulationswill be able to witlstandthe intense harvesting for medicinal use.

Boophone distichds known to take between six and seven years to produce seeds (Dzerefos and
Witkowski, 2001), which has severe implications as larger bulbs are targeted by harvesthes for
traditional medicinal plant trade. If the time taken for an individual to reach maturity is greater than the
time populations have to recover between harvests to recover, then the viability of the population is at risk
and a population crash is podsibinadequate information on the ecological productivity, growth forms,

life history and conservation of the various species involved complicates management and conservation
scenarios and efforts, making it difficult to set conservation priorities aimkedafstainable harvest levels
(Ndangalasket al., 2007). This detailed information is not known for most bulbous species, especially
those that have been synonymised. Detailed studies on life history types and effects are important for
medicinal bulbouspecies.

Sizeclass distributions remain one of the most robust indicators of ecological impacts (Venter and
Witkowski, 2010). Although market sizdass distributions is based on samples purchased from traders
from different markets and originating difémt harvesting locations, it provides an overall estimate of the
availability of sizes available to harvesters. Harvesters prefer to harvest big bulbs (Cunningham, 1988) as
they provide maximum return on harvesting effort, however they will harvest baib# if necessary.
Sizeclass distributions suggest that there is a larger frequency of smaller bulbs in the markets (Table 1).
Another indicator that highlights this increase in small bulbs is difference in diameter cited in taxonomic
descriptions and thmarket. Data suggests that bulbs in the market are smaller than cited taxonomic
references. Percentage reduction in bulb diameters varied between 2.6% to 67% for all surveyed bulb
species excepD. sanguinea.Sizeclass distributions provide some of tlietail needed, however
population studies are needed to truly understand the effects of harvest on popular species.

Information on diameter size cited in taxonomic descriptions of the species was collected (Chapter 3).
However, these descriptions did mofplicitly state the number of samples investigated. The diameter of
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bulbs cited in taxonomic literature is not thought to be affected by drying as diameter was likely measured
before a voucher specimen warepared However, collectors may be biased todgamedium to small

sized bulbs as these are likely to be flowering and also easier to collect. Very large specimens have more
roots and are more difficult to remove, which may suggest that diameters cited in taxonomic literature
may be slightly smallertha ex pected (which also infers that tI
than the results suggesDrying is a factor that needs to be considered when using dried bulbs from
herbarium specimens to infer past bulb diametEstimated herbarium buldiameter increased by
between 1.6% and 40%, once drying had been taken into account.

In Ornithogalum saundersiagnedium and large bulbs had significantly longer and thicker scapes and a
greater number of florets on the inflorescence (Kariuki and Ka®@9)1 In addition, larger individuals

tend to produce large quantities of seed (Cunningham, 2001). These factors make medium and large bulbs
highly important for population regeneration. Sctass distributions for commonly used species showed

that the mpority of bulbs were either betweer7em or 79cm in diameter (Figure 2; Chapter 3), and this

has many implications for the reproductive health of the plant populations. Market indicators such as size
class distributions need to be related to both intexnd external population factors in order for the real
implications of trade to be understood (Figure 1). The bulbd@ases with the highest frequency are
those most likely to be within the reproductive phase of thehidory of the species (Begat al.,

1986). Removing individuals that are most likely reproductively active can create an increased negative
impact since the removal of the individual not only decreases the size of the population, but also reduces
the future viability of the populatio

Urginea lydenburgensiandU. epigeaare both clustering species and are similar in many ways to clonal
plants. The population dynamics of clonal plants is dominated by the birth and death of vegetative
reproduced parts, whereas the recruitment of sesdlings may be sporadic (Clarkpiaet al., 2005).
Underground storage organs represent energy and material reserves for geophyte species; this energy
reserve allows for growth pulses triggered by the onset of rain (Ruiters, 1995). These growth stages
alternate with periods of prolonged dormancy, which has been found to increase fitness because dormant
plants were more likely to flower the following year and less likely to die while dormant (Lesica and
Crone, 2007). Since larger bulbs are more likelgdotain more nutrients and water, they provide a large
amount of energy to an individual plant, especially in nutrient impoverished soils. They are also more
likely to survive adverse conditions in a prolonged dormant state. Furthermore, there is steneeevi

that larger bulbs are more likely to reproduce vegetatively (Kariuki and Kako, 1999). If individual life
history strategies allocate resources to vegetative growth, then the loss of larger individuals may have
even greater significance to populati@ssseedling recruitment may not be high.

Another factor to be considered is fire. Fire directly induces environmental changes through the alteration
of temperature, oxygen concentrations in the solil, increases in resource availability and reduced plant
competition. In fire prone environments, it is also a selective force that shapes the evolution of plant
reproductive traits such as resprouting ability and germination (Diademla 2007). Within the Cape
Floristic region, geophytes are common and issithave shown that persistence of geophyte species is
often through the longevity of their seeds and the use of storage organs, that often reduce local extinctions
(Garcia andZzamora, 2003; Diademat al., 2007). Geophyte abundance is also often linketh&ir
adaptation to fire and the dormancy period corresponding to the fire season (Le Maitre and Midgley,
1992). In addition, bulbous and tuberous geophytes are more prone to rarity and extinction than
rhizomatous geophytes (Diadensa al., 2007). Althoudp individuals from all lifehistory stages are
needed for a healthy and growing population, ldrgked individuals are also an important source of

new individuals in the population. Their size and depth beneath the soil makes it more likely to survive
incidences of fire. The number of fires per square kilometre per year is relatively high in theasbetim

parts of South Africa (Archibaldt al.,2010), where many of the species studied occur. The decrease in
numbers of bigger bulbs has implications bulb populations, as these populations may be less able to
deal with fire disturbances.
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Figure 3: Maximum density of fires per square kilometre plotted over the mean % burnt area for southern Africa
(from Archibaldet al.,2010)

Another externalrifluencing factor on bulb populations is invasive species. Invasive species can cause
numerous environmental issues including competition for resources, alteration of ecosystem properties
such as nutrient cycling and hydrology and increased disturbaneehdRlet al., 2005). Members of

the Amaryllidaceae are susceptible to disease and pests (Dodds, 1991). The exotic invader, the South
American Amaryllis moth caterpillar causes significant damage on speci€ Iikeoreiwhich is one of

the reasons thdhis species was assessed as Vulnerable on the 2009 Red Data List (Raétmahdo
2009m). Harvesting for medicinal purposes is not the only factor influencing bulb populations, however
negative effects of medicinal harvesting, exotic invader pestsiandain combine to cause significant
negative effects on populations.

1.5. ECONOMIC VALUE AND INCENTIVE FOR HARVESTING

Markets have been recognised as places that reflect regional trade and culture, and have been used to
study the commercialisation antilisation of natural products (Mati and de Boer, 2010). One of the core
theoretical tenants of economics is the theory of value and the allocation of resources to competing uses.
Ecological resources, however, are complicated as they are complex maradunave considerable Ron

market value (Straton, 2006). The modern neoclassical idea of value includes the combination of supply
and demand, and value is thought to be determined by the market place (Staton, 2006). Despite this,
economists often feel tharice has historically failed to critically reflect the state and quality of
ecological resources (Georgedgaegen, 1975; Straton, 2006). In many low and middieme
countries, more than threpuar t er s of health <care adrsé p(r@rvd ded
MacGregor, 2010), in South Africa, the traditional medicinal trade represents about 5.6% of the national
health budget (Mandet al.,2007).

Understanding the economic value of trade can provide an indicator of the incentive for hahszde an

of specific species in the medicinal plant trade (Robinson, 2006). Although these values do not take into
account the nomarket value of the species, they do provide an indication of what traders and consumers
feel a species lated todthe @ase df &ccesswavdilability, peceptiores of scarcity and
popularity of the speciesWilliams (2004) suggested thanarket conditions work against the
environment. This premise is supported by data collected in this study, where tradeligrerdegtto

high R/kg ratios and high contributions to overall earnings. However, the regression relationship between
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R/kg and mass showed that bigger bulbs, in general did have smaller R/kg compared to small bulbs. This
is supported by Williamst al.,(2007b). Both factors suggest that traders would put more effort to obtain

the high value species, despite the difficulty to locate them as raised prices provide an incentive to harvest
(Williams, 2003). Increased incentive leads to increased harvestingsityteand would allow for
continued negative impacts on sidass distributions and the population as a whole.

Urbanisation does not preclude the use of traditional medicine and the demand in large cities is met by a
large network of commercial gathesgWilliamset al.,1997); however, most of the income derived from

large medicinal markets does not reach rural areas (Williams, 2004). Despite this, numerous studies have
shown that use of natural resources in rural communities is very important: apgiedyi 35% of total

income in Zimbabwe (Cavendish, 1999), 30% of household income in rural Malawi (Fisher 2004) and
39% in Western Ethiopia originated from environmental products (Getachew Blamh¢2007; Babulu

et al.,2009). This dependence on natuegources drives the commercialisation of trade.

Traders are known to be slightly reticent about revealing the economic value of their trade as often they
are sceptical of researchers, afraid of government interference and concerned that they meg be tax
(Mati and de Boer, 2010). In my study, traders at Faraday refused to take part in the interview stage of the
study. In Warwick, the chairwoman of the market (Z.A. Khumalo) facilitated the interviews; however,
some traders were not comfortable answegogstions relating to economic value. In the smaller Free
State markets, a good relationship between conservation officials and traders allowed for very open
discussions. It is in the context of differing perceptions of conservation agencies, sciedtrsedasinal

studies that data on economic value must be evaluated. In all cases, the contribution to earnings (by bulbs
species) was greater in the Free State markets than in Warwick market. In addition, overall trader
earnings were greater in the Freet&ta

The overall economic value of the oOhidden econ
(Cunningham, 1988) and in ¢.2007 was worth approximately R2.9 billion, with 20,000 tonnes consumed
per year (Mandeet al.,2007). Approximately 70% of Sttu Africans working in the informal sector earn

less than R1,000 a month (Chazan, 20052004, a review of the value of diracte value of natural
resources from several studies was R3853 per household per year (Shackleton and Shackleton, 2004).
Thiesnvd ronment al incomed can contribute up to 4
common resourceare inexpensive or free, these dirase values constitute a savings for the household
(Hunteret al., 2008). Surprisingly, in the more commercialis&/arwick market total earnings per year

per trader (for all plant parts) was significantly lower than in the small Free State stalls: approximately
R12,000/year versus approximately R25,000/year respectively (Figure 2). This suggests that traders in
Warwick earn about R833 per month, lower than the average calculated by Chazan (2005). In contrast,
Free State traders on average earn approximately R2,018 per month (Chapter 4). This higher monthly
income may be related to an increased number of traditioaldreet Free State market.

Harvesting is most often a last resort activity for women with limited opportunities for earning a living,
hence they can become increasingly reliant on resource harvesting for as means of income generation
(Williams, 2004) In addition, poorer households are often involved in more opportunistic, low skilled
and low return activities, with fewer barriers to entry (Shackleton and Shackleton, 2006) and thus the
income generated by the traditional medicinal trade is increasingbprtant. The 2007 stipulated
minimum wage in rural areas in South Africa is R713 per month and the minimum living requirement or
poverty line is approximately R1,290 per month (per family of four) (Shackkdtah,2007). Earnings

from trading medicinaplants in both Warwick and Free State markets is greater than the minimum wage

in rural areas, which can act as an incentive for harvest and trade.

Scarcity does indeed increase the price eflicinal species (Williams, 2003; 200%4owever, popularity

can also act as a price stimulaBbwiea volubilisvas the scarcest species in this study; in both Warwick
and Free State markets, it had the highest R45/kg value as well as the highest contribution to total
earnings (Table 1Drimia sanguineavas very ppular in Faraday market, however the R/kg value was
relatively low (Chapter 4). It was not very common in Free State or Warwick yet it had a high R/kg value
overall (R30/kg) and the highest contribution to total earnings in Warwick market (18%). Instdtra
distichawas common in both markets but had a low R/kg value. In all these cases, it is not necessarily the
overall scarcity of the species but the scarcity at the specific market that increases value.
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1.6. VOLUME AND NUMBER OF BULBS HARVESTED

Plant populations can be driven to extinction if there is an increase in harvesting and@mmsiing

yield (Begonet al., 1986). However, thémpacts of harvesting deperah factors such as plant part
removed, the level of harvesting and the efficie of the gatherers (Williams, 2004). The quantity of
individuals removed is also an important factor. Mass (often expressed as tonnes) is typically used to
describe the amounts of an individual spaofi es t
estimation, and volume is a better method of estimation as it is more visually accommodating (Williams
et al.,2007a). One of the benefits of the use of volume as an estimation tool for bulbs is that it allows the
calculation of the number of individliharvested. In my study, the number of individuals harvested was
expressed in terms of the number of 6individual
size harvested (Chapter 4). The paucity of data on plant population sizes maKesllit to judge the

annual rate of decline for a species based ctatff for the medicinal trade (Williangt al.,2007b). By
estimating the number of individuals and comparing this to the number of known localities, it becomes
easier to understand tloeder of magnitude of the trade and the ecological implications (Willetras,

2007b)

Medicinal plants are used in a multitude of ways; this suggests that medicinal plants should be evaluated
on a case specific basis (Dzerefos & Witkowski, 2001)s lalso important to appreciate the scale of
cultivation required to replace harvested stocks as well as to understand the extent of damage to wild
populations, as this allows an understanding of the impacts of harvesting (at both an individual and
populatbn scale) (Williams, 2003). Bulb volume estimations can be very important in determining the
order of magnitude of the trade. Intrinsic morphological characteristics are extremely important when
looking at new, time efficient methods of estimating bultuwa.

CrinumspeciesandD. altissima(from the Amaryllidaceae and Hyacinthaceae, respectively) appeared to
have a similar relationship between bulb diameter and volume in that bulbs around 8cm in diameter were
less than 0.3l in volume. In contraBt, distichabulbs from the Amaryllidaceae had a larger volume at
similar bulb diameters (approximately 0.51) (Figure 8: Chapter 4). Regression relationships between
actual volume (based on water displaced) and estimations of volume (based on volumetricsgquation
(Figure 9, Table 8) were similar in numerous ways. Firstly, the smallest estimates of volume were based
on sphere equation and the largest estimates of volume were based on the cube equations. Actual volume
was the smallest estimate of volume (Figui& 8; Table 8; Chapter 4). In this case, actual vauand

volume of a cube were used to determine number of bulbs harvested. Water displacement has been used
to determine the true volume of hardwood logs (Martin, 1984); in agricultural products (Wang and
Nguang, 2008) and to determine the accuracy of volume estimations (Bretirakyi982), it was also

the smallest volume estimate and therefore provided an upper limit for the number of bulbs harvested.
Importantly, the regression between actual volumediaoheter for each species were relatively strong
(Figure 9; Chapter 4), suggesting that in the future, bulb diameter can be determined in the market and
bulb volume will be closely related. Regression analyses between cube estimation of bulb volume based
on water displacement volume (Figure 9; Chapter 4) also had relatively’highues (f > 0.70 for all

species other thab. altissimg (Table 8; Chapter 4). Once again this has important implications for use

in market situations as specigsecific estinates based can be determined.

The ability of researchers to estimate volume from stalls quickly is important and will allow for better
understanding in seasonal changes in trade, differences between species and/or markets, as well change ir
traded volumes over time. Continued studies are vital for decision making as all species in this study
exceptC. buphanoides; D. delagoensasd U. epigeaare rated as declining (Raimoneb al., 2009).

Accurate monitoring is therefore essential as populations aadgimegatively impacted. Volume, in

turn can be used to determine the number of bulbs harvested for trade in medicinal plant markets. There
are different methods to estimate the number of individuals harvested in the Himalayan area of Sikkim,
the number bwild collected plants is high between 800,000 and 7,700,000 and was estimated using a
kilogram of harvested individuals. The number of each species required to reach a kilogram was then
estimated (Raet al.,2000). In the method used in this studydiwdual equivalents differed greatly by
species and also in terms of the equation/method used to determine bulb volume. The greatest number of
individual equivalents was determined using the actual volume (calculated using water displacement).
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Cube equatins did take into account the neck region of the bulb but not packing. Both estimates can
create a wealth of information on the implications of continued trade.

The greatest number of bulbs traded per annunDfalata- approximately 2,500,000 bulbsfzum in

Free State and 500,000 bulbs/annum in Warwick (based on actual vdBowea volubilisand

D. sanguineavere also traded in large numbers in Free State, while approximately 500,000 bulbs/annum
of D. robusta, CrinunrspeciesB. volubilis andU. epigeawere traded in Warwick (Figure 12 a and b;
Chapter 4). Overall, the average bulbs/annum for both markets was greaf@sefata, D. sanguinea

andB. volubilis (1,400,000; 900,000 anzD0,000 bulbs/annum). Every year more than 400,000 tons of
medidnal and aromatic plants from approximately 3,000 species are traded internationally (Taylor, 2008).
With such a growth in demand, medicinal use threatens natural resources. The new International Standard
for Sustainable Wild Collection of Medicinal andohnatic Plants (ISS®AP) is intended to balance the
needs of | ivelihoods and the plantsd | ong term s
from wild plant harvesters to selleri® a process for determining how to sustainably harvestrade

(Taylor, 2008). A central teméor such a standard is the ability to monitor trade and the effects of harvest

on commonly used medicinal plants. Volume and number of individual equivalents provides a basis for
understanding the size of trade irat@n to the resources base.

2. FUTURE AREAS OF RESEARCH

With medicinal plant surveys becoming more necessary there is the opportunity for comparison for
monitoring purposes. Without ongoing focus on the effects of trade on commonly used medicinal bulbs
there may be local extirpations (as whvolubilisis some areas of KZN). Some important studies that
need to be conducted in the future include:

0 A more indepth study on the impacts of thraditional medicinatrade onCrinum speciesAs
Crinum species were only identified after being purchased in the market, detailed data is not
available for individual specie€rinum mooreiwas assessed as Vulnerable in the recent Red
Data List, and detailed market information is needed for the individual spbeiesre very
prevalent in the Warwick market.

U Detailed information on the trade of commonly used medicinal bulbs could not be collected in
Faraday market. Studies at the market are needed, especially on species that are very common
(e.g.D. sanguinen

0 Detailed taxonomic studies dp. altissimaand U. epigea; D. elataand D. robusta andD.
delagoensiandU. lydenburgensién order to determine whether vegetative differences are due
to intraspecies variability or if differences are significant atecsgs level.

U0 Temporal studies for species of concern to monitor changes in the volume, value, number of
individual equivalents and sizgass distributions. This is especially important for species such as
B. volubilis andD. sanguinedhat are listeds@Vulnerable and Near Threatened respectively.

0 Population assessments of all species to determineclaige distributions, growth rates and
mortality rates as well as the impact of fire, herbivory and exotic invader species on population
dynamics.

U Stuwlies on the relationship between age and diameter so thdiisliéey stages can be
determined. If necessary, individuals could be cultivated so as to determine their age. Methods to
determine this relationship should be assessed.

U A detailed study oU. lydenburgensigs needed in the smaller markets of Nelspruit.

U Crinum speciesare often used in the horticultural industirythe impact of this on wild
populations is needed.
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U Modelling based on population assessments would provide useful and perdefsiviat could
be used to estimate yields, develop population matrix models and provide survivorship curves
between growth classes.

U A more in depth province wide survey of medicinal markets in Free State is needed to determine
the full scale of resouecuse in the area.

U The impact of wastage was not taken into account in the surveys undertaken as part of this
dissertation. Market studies that focus on the impacts of wastage on individual equivalent
estimates would be useful.

3. CONCLUSION

Social sirveys and ethnobotanical work in local markets are the first steps in understanding patterns of
demand for particular plant species, integrated with population structure ardasgelistributions, it

allows for an amalgamated and complex awarenesheofntpacts of resource harvesting. With over
30,000 species of animals and plants that are detrimentally affected by trade worldwide (Abensperg
Traun, 2009), market surveys are increasingly important to provide information on extent of trade.
Sustainable se of natural resources can be defined as a level of harvest that does not impair the ability of
a population to replace itself (Mutengt al., 2011), however there is a need to take into account the
potential variation in harvesting strategies and tdeiers (Ticktin, 2004). Poverty, low incomes and
immediate survival often drives local people to overharvest at the expense of sustainability (Strandby and
Olsen, 2008). Legal methods of control, however appear to have limited capabilities and instead
sugainable use of species may be best achieved by gaining the support of affected communities
(AbenspergTraun, 2009).

Main themes emerging from this study include:

U Most commonly used bulbs from the Hyacinthaceae and Amaryllidaceae can be identified to
species level using bulb or leaf characteristics. With the help of vegetative identification keys,
more detailed information will become available for decision makers and conservationists.

U Sizeclass distributions of all bulb species were affectetrdgiional medicinaharvesting, with
a decreased number of large bulbs and in extreme cBse®I(bilisand D. delagoensisan
inverse shaped curve suggesting that only very small bulbs are available for harvest.

U Bulbs are mainly collected in KZN and Gang. Populations in other parts of the country may
not be as badly impacted, but countvigde population assessments are needed.

U Distribution data on geographic range of species can provide important information that can be
used with market data to det@ne the sustainability of harvest.

0 Market data collected from surveys can provide detailed information on ecological impacts if
factors such as drying, geographic range and species identification are taken into consideration.

0 Most bulbous species diwters were smaller than diameters reported in the literature, and
temporal studies in Faraday market suggest that bulb diameters in the market are smaller than in
the past. This suggests that populations are being negatively impacted

U0 Trade in different rarkets is different and different quantities and types of species are common in
different markets. In order to determine the coumiige effects of trade, surveys in more than
one market are needed.

U Economic value acts as an incentive for harvest otecgpecies.
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0 Volume of bulbs traded can be estimated in a number of ways, these estimations provide an order
of magnitude of the quantity of traded material. Importantly, this data can also be converted into
the number of bulbs harvested per annum whigjether with the number of known localities,
can provide an estimate of the size and number of populations needed to sustain the current trade
in medicinal bulb species.

The Red Data list assessment found tifathe 656 traded species, 18.9% are of eoration concern

with 8.5% (56) listed as threatened (Critical (C ), Endangered (EN) or Vulnerable(V)), 4.6% (30) listed as
Near Threatened (NT) and 5.2% (43) listed as declining (Willietred, 2013).The significant income
contribution to livelihoods wgygests that not all species should be limited in the same way. In South
Africa, comprehensive studies on medicinal plant trade at Faraday (Williams, 2007) and at Warwick
(Cunningham, 1988), provide the structure of the market to a certain extent. Tluies also provide

detail about the diversity of plant species traded in South Africa (together with studies by Dold and
Cocks, 2002; Bothat al.,2004; Mandekt al.,2007). More detailed studies on smaller cohorts of species
(i.e. commonly traded mediwl bulbous species) can provide high resolution data for decision making
and conservation planning such as Red Data List assessments. By quantifying the volume, value and
number of individual equivalents for bulb species together with perceived scardityopularity and

place of harvest, a better idea of the state of resdaase can be ascertained. Continued use of market
surveys as monitoring tools is important.

This study found that many of the species studied were negatively impacted by hamestrtain
degree. All species contribute to the limited earnings traders make in medicinal markets which makes
them economically important to the community. The prevention of trade through trade laws does not stop
trade, but instead forces it undergrouimdaddition, the use of cultivation is not a viable option with most
bulb species being slow growing. Community owned nurseries are also not often successful due to a
variety of reasons (Bothet al.,2007). Convincing communities that sustainable haigastcessary may

be the best method (Abenspdraun, 2009), however due to the failure of the South African economy to
provide jobs (Williams, 2004), harvesting and trade is sometimes the only form of income generation.
Assessments such as the Red DiataAlssessment (Raimonad al.,2009) highlight species that are most
affected and important as a monitoring tool. However, in the smwaomic context of South Africa,

trade and harvest of medicinal bulbs is likely to increase.
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HYACINTHACEAE

DRIMI4 COOPERI IN KWAZULU-NATAL. AND THE ETHNOMEDICINAL TRADE

Drimia cooperi (Baker) Baker is currently regarded
as being restricted to the Eastern Cape Province (Jessop
1977, Manning & Goldblatt 2006). Within this province,
Jessop (1977) recorded it from only the Stutterheim
and Butterworth Districts, but more recent collections
(Bester 1529 NH) extend its known range northwards to
Maclear (Figure 19).

Following the appearance of bulbs of an unknown
member of the Hyacinthaceae in late 2004 in the War-
wick Triangle medicinal market i Durban, plants pu-
chased were grown on to flowering and subsequently
identified as D. cooperi. This collection of market-
traded material (NM.R. Crouch 1038 NH) was sold under
the isZulu name wmahlokoloza, and noted by the trader
to have been harvested in the Eastern Cape. although
further details on the locality were not forthcoming.

The bulbs of this species are distinguished from other
Hyacinthaceae in trade on the basis of a combination
of characters: their medium size (= 50 mm diameter),
flesh-pink to salmon-orange colour, and loosely arranged
scales (Figure 20A). The bulb scales are not thickly suc-
culent and brittle, but rather of a tough fibrous yet semi-
succulent nature. Among other Hyacinthaceae in trade
in KwaZulu-Natal, the fibrous character of the bulb best
approximates that of Drimia alfissima (L.f.) Ker Gawl.,
although the tough scales are tightly packed in this latter
species. Notably, the vernacular name umahlokoloza is
also applied in Durban to D. alfissima (N.R. Crouch 792
NH). We have since observed D. cooperi in the Warwick
Triangle market on two further occasions during infre-
quent visits, suggesting that this taxon is more numer-
ous and possibly more widely distributed than indicated
by herbarium vouchers. Its Red List assessment, based
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FIGURE 19 —EKnown distribution of Drimia cooperi. according to
Jessop (1977). @. with additional localities, . following a re-
assessment of herbarium materials.

on 2001 TUCN Red List criteria, is currently VU A2ad;
C2a(1) (Williams & Crouch 2009). The rationale for this
Vulnerable assessment is that the species is estimated to
have experienced a decline of more than 30 % during
the last 30 years. attributed to land transformation and
medicinal plant harvesting. The extant subpopulations are
fragmented and suspected to occur in fewer than 10 loca-
tions. Furthermore, the population size is estimated to be
less than 10 000 mature individuals, and the number of
mature individuals that have been recorded in a subpopu-
lation 1s less than 100 (Williams & Crouch 2009).

In flower, Drimia cooperi produces inflorescences
up to 600 mm tall, with Howers presented on pedicels
no longer than 4 mm (Figure 20B). The perianths are
shorter than 6 mm long. Plants bear 2—4 sublinear leaves,
each up to 270 mm long and 13 mm broad. The species
was considered by Jessop (1977) to occupy rather an
isolated position in the genus, although its shows simi-
larities in floral characteristics to D. anomala (Baker)
Baker, another species with its primary distribution in
the Eastern Cape. though typically in more arid situ-
ations. Drimia anomala is separated by its rigid, terete
leaves. which are usually produced singly each season
(Dyer 1951) and its shorter bracts up to 1 mm long, and
longer pedicels, up to 13 mm (Jessop 1977). Although D.
delagoensis (Baker) Jessop is keyed out by Jessop along-
side D. cooperi, their distribution ranges do not overlap.
D. delagoensis possesses predominantly epigeal bulbs
of an olive-green and silvery brown colour, the scales of
which are somewhat more succulent, and brittle rather
than fibrous. The leaves are narrower too, thicker, and
strongly channelled on the dorsal surface.

Subsequent examination of herbarium specimens
at NH has revealed a flowering voucher (W.J. Lawson
384 NH) documenting the presence of Drimia cooperi
in KwaZulu-Natal for more than half a century. Jes-
sop, in revising Drimia and allied genera, evidently did
not utilize NH collections and accordingly missed the
significant collection by Lawson. Further NH acces-
sions misidentified as Ukrginea kmiphgficides Baker are
here assigned to D. cooperi. Subsequent to Lawson’s
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gathering, an imperfect collection was made (E.J Moll
1869 PRE) during August 1965 on the fringes of what
was then the Oribi aerodrome in Pietermaritzburg. As
only plants in bud were found and collected by Moll,
this would account for reticence on the part of Jessop to
identify this specimen as D. cooperi. thereby reflecting a
significant range extension for the species.

A recent field trip (October 2008) to Pietermaritzburg
surrounds to revisit the perimeter of Oribi Airport has
revealed that this species is still to be found in grass-
land bordering the cordoned off area. The species is
also extant within the Hesketh Conservation Area adja-
cent to the old Roy Hesketh racetrack in Hayfields. a
65 hectare site of grassland and savanna that since 1995
has been afforded some protection by the local munici-
pality. At both sites, plants grow in shallow clay soils
overlying Tower Ecca Shale in vegetation correspond-
mg to Ngongoni Veld (Svs 4) (Rutherford et al. 2006).
The hypogeal bulbs develop a 20-30 mm long neck that
protrudes above the soil surface. Residual fibrous leaf
bases persist to provide the bulb apex with protection
from flames, and necks were observed to be intact fol-
lowing veld fires that occured approximately one month
prior to the site visits. Although flowering was observed
on these occasions, the extent to which fire stimulates
this process is presently unknown. The linear leaves of
D. cooperi are partly synanthous, with a single inflores-
cence produced per bulb, and within a single subpopula-
tion at Oribi in Pietermaritzburg, two floral colour forms
are evident: tepal segments are either cream-coloured
with green central stripes, or salmon-brown with brown
stripes. Geophytes associated with D. cooperi at Oribi
include Cvrtanthus brevifiorus and C. contractus (Ama-
ryllidaceae), Ledebouria ovatifolia. Albuca virens. and
Schizocarphus nervosus (Hyacinthaceae). At the Hesketh
site. Albuca sp. cf. pachvchiamys Baker grows alongside
D. cooperi. Small bulb clumps of up to six plants occur,
indicating limited vegetative reproductive capacity.

Additional records from the Umtamwuna Nature
Reserve in southern KwaZulu-Natal document the
occurrence of Drimia cooperi in the intervening part of
its range (Figure 19), and show that it occurs within at
least this formally protected area.

Our investigation has revealed that plants grow-
ing in Pietermaritzburg, and those reputedly harvested
in the Eastern Cape, differ in several respects from
the ones described by Jessop (1977). Whereas Jessop
(1977) described the bulb scales as more or less firmly
arranged, we observed the scales to be loosely attached
(Figure 20A). although we do not dismiss the possibil-
ity that this is turgor-related. Such is their looseness that
Drimia cooperi bulbs readily disintegrate if cut tangen-
tially in the course of preparing herbarium specimens.
This phenomenon would account for the scale-depleted
bulb specimen (H.G. Flanagan 1302 PRE). essentially
the central core. that seemingly informed Jessop of bulb
shape and dimensions. Given the difficulty of pressing
these organs, most sheets of this species lack well-pre-
served bulbs. The largest field bulb measured 80 x 75
mm (excl. neck). as opposed to the length range of 25—
50 mm recorded earlier (Jessop 1977). Such non-repre-
sentative herbarrum bulb vouchers and associated arti-
factual information (Baker 1897) were earlier noted by
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FIGURE 20 —Drimia cooperi, N.R. Crouch 1180 (NH): A. bulb: B. median portion of inflorescence. Photographs: N.R. Crouch.

Dyer (1942) for D. delagoensis. As indicated above, the
scales of D. cooperi were uniformly dark salmon-orange
or flesh-coloured, rather than ‘more or less white’ as
indicated by Jessop—a likely artifact of the preservation
process. Perianth segments in the field were observed to
spread, as anticipated by Jessop (1977), with margins
distinctly rolled under (Figure 20B). The stability of
this margin character has not been ascertained. Consid-
eration of the holotype of Urginea echinostachva Baker
has revealed this to be conspecific with D. cooperi rather
than with D. macrocentra (Baker) Jessop as concluded
by Jessop (1977). The type of Urginea echinostachva is
of a plant with a peduncle substantially less stout at the
base (£ 4.5 nun diameter) than that of D. macrocentra (=
25 mm diameter). The raceme of the U. echinostachva
type is less dense and the flowers have shorter perianths.

Drimia cooperi (Baker) Baker in Flora capensis 6:
443 (1897). Ornithogalum cooperi Baker: 284 (1873).
Type: Cape [Eastern Cape]. ‘ad oram orientalis’. Barber
s.n. (TCD, lecto., designated by Jessop: 287 (1977); -K.
photo.!).

Urginea echinostachva Baker (1897), syn. nov. Type:
Natal [KwaZulu-Natal], Inanda, JM. Wood 276 (K.
holo.!; NH, iso.!).

Additional specimens examined

KWAZULU-NATAL —2930 (Pietermaritzburg): Oribi, Pietermar-
itzburg, (—CB). 25-09-1957. W.J. Lawson 384 (NH): Oribi asrodrome,
Pietermaritzburg. grassland. 730 m. (—CB), 17-08-19635. E.J. Moll 1809
(PRE): Hesketh Conservation Area, top of Hayfields, Pietermaritzburg

To west of old Hesketh racing track. 700 m. S 29° 36' 59.68". E 30°
25"30.73". (=CB). 12-10-2008. N.R. Crouch 1179 (NH): grassland adja-
cent to Oribi Airport alongside railway line near Oribi Village, Pieterma-
ritzburg, 710 m. S 29° 38" 36.64". E 30° 24" 7.57", (-CB). 12-10-2008,
N.R. Crouch 1180 (NH): Inanda. (—-DB). October. JM. Wood 276 (NH):
New Germany. mountain ridge, along M19. = 700 m from Otto Volek
Drive towards Blair Atholl, 300 m. (-DD). 17-09-1998, I Singh 402
(NH). 3030 (Port Shepstone): Umtamvuna Forestry Reserve. grass-
veld, (=CC). 22-09-1966. R.G. Strey 0967 (INH). 3130 (Port Edward):
Umtamvuna Nature Reserve. Pont Outpost. grassland, (-AA). 11-09-
1983, 4. Abbotr 1313 (NH), 300 m, (—AA), 01-09-1994, A. Abbort 6268
(NH. PRE): Umtamvuna Nature Reserve. Clearwater. grassland. 240 m.
(—AA). 14-08-1985, 4. Abbort 2704 (NH). Without locality: purchased
at Warwick Triangle medicinal plant market. Durban. 01-12-2004, N.R.
Crouch 1038 (NH): 23-01-2008. F.J. Brueton 33 (I).

EASTERN CAPE.—3128 (Umtata): Maclear, Farm Sunny Slopes,
1300m. 5317 6" 534" E 28° 24' 20", (-AB). 06-11-93, 5.F. Bester 1520

(INH). 3227 (Stutterheim): near Komgha. grassy halls, 605 m, (-DB).
December 1892, H.G. Fianagan 1302 (PRE).
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APPENDIX 2

MEDICINAL USES AND PHYSIOLOGICAL EFFECTS

Species

Medicinal uses

Physiological effects

Boophone disticha

The dry outer scales of the bulb are used a
outer dressing after circumcision and are &
applied to boils and septic wounds (van Wtk
al., 1997. Bulb decoctions are administered

mouth or as enemas to adults suffering fr,
headaches, sharp chest pains and persi
bladder pains (Hutchingst al., 1996). In
addition, bulbs are taken as narcotics by

Sotho and Xhosa (Watt and Breyg@randwik,

1962) and can be used as a sedative or
divination purposes as large doses elicit vis
hallucinations (van Wylet al.,1997). The bulb
was also used as arrow poisons by the San
Khoi (Hutchingset al.,1996).

Bulbs are reported to have caug
both acute and fatal poisonings
human beings (Hutching®t al.,
1996). Symptoms include unstea
gait, dryness of mouth, thirs
nausea, vomiting, giddiness a
impaired vision. In addition, th
scent of the flowers and inhalatig
of pollen can sometigs cause
headaches, sore eyes and drowsir
(Batten and Bokelmann, 1966).

Bowiea volubilis

Bulbs are used in potions taken by men as |
charm emetics (Gerstner, 1939). Bulbs are
taken as infusions during pregnancy to facilit
delivery and to proure abortions (Gerstne
1941). In addition, hot infusions of outer by
scales are used to treat dropsy (Watt
BreyerBrandwijk, 1962), and lotions are ma
to treat sore eyes, skin diseases and
protection during travelling (Hutchingst al.,
1996. Decoctions of bulb scales are taken
bladder pain associated with venereal dis€
and are used as purgatives by the Xh
(Hutchingset al.,1996).

All parts of the plants are toxic arn
both human and animal deaths hg
been recorded, and this issually
attributed to cardiac failure (Wa
and BreyeiBrandwijk, 1962).
Additionally, bulb sap can caug
severe itching and dried can irrita
damp skin (Gerstner, 1941), a
bulbs are reported to cau
haemolysis, vomiting and purging.

Crinum bulbispemum

This species is used in a multitude of ways
the Zulu: roasted bulbs are applied to ach
joints, rheumatism, varicose veins a
backache. They are also used as poulticeg
septic sores and abscesses (Hutchiegsl.,
1996). Leaves are used tinth dressings an
flowers are bound over swollen joints to redu
swellings, while chopped leaf decoctions
taken as treatment for rheumatic fey
Unspecified parts are also used in mix
infusions calledunembeand are taken durin
pregnancy to ensui@n easy delivery (Gerstne
1941; Hutchingset al., 1996). Additionally, the
Sotho use the species as treatment for cold
stimulate breast milk and as protective char
and the Tswana use bulbs to treat rheumat
aching joints, septic sores andddar infections
(Watt and BreyeBrandwijk, 1962; Hutchings
et al.,1996).

Numerous alkaloids have beg
isolated from the species togeth
with  steroidal and flavonoidg
constituents (Hutchingst al.,1996).
Extracts of the bulbs are slight
effectivein the treatment of malari
(Watt and BreyeBrandwijk, 1962).
Studies also suggest the extracts
the leaves sedative and antioxidg
activities (Ratnasooriyat al.,2005).
The alkaloid constituents isolated
the species appear to ha
antitumour, hyptensive and
analgesic effects (van Wykt al.,
2002).

Crinum buphanoides

As this species is not often recorded in mar
surveys, speciespecific medicinal uses are n
known. HoweverCrinum species are used in
variety of ways. The Zulu use roastedlbs for
relief of aching joints, rheumatism, varico
veins and backache; in addition, poultices

applied on septic sores and abscesses (Rol

1990; Hutchingset al., 1996). Decoctions o

C. buphanoidesas not been testg
and thus its chemical constituen
have mt been isolated. Howeve
various alkaloids have been isolat
in C. bulbispermun¢El-moghazi and
Ali, 1976; Elgorashkt al.,2003),C.
moorei (Elgorashi et al., 2001;
Elgorashiet al.,2003),C. lugardiae
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Species

Medicinal uses

Physiological effects

bulbs are also taken for swelling of the bo
urinary tra¢ problems and as blood purifier
while chopped leaves decoctions are taken
rheumatic fever. The Sotho plant the specie
a protective charm (Jacot and Guillarm
1971).

(Elgorashi and van Staden, 200
and C. macowani (Elgorashiet al.,
2003), and therefore it is likely th
C. buphanoidesias similar alkaloid
constituents. Various effects ha
been ascribed to such alkaloi
including antitumour, hypotensivg
and analgesic activity (van Wyt
al., 2002).

Crinum ma&owannii

Bulbs are used in decoctions to treat swelli
of the body and urinary tract infectiof
(Hutchings et al., 1996). The species is alg
used in the treatment of scrofula, micturitiq
blood cleansing and rheumatic fever as wel
skin problems sutas sores, boils and acne (V
Wyk et al.,2002).

Numerous Amaryllidaceae alkaloig
have been isolated iB. macowanii
including alkaloids such as lycorin
crinine, powelline, crinamineg
crimamidine and cherylling
(Elgorashi et al., 2002). Lycorine
has ken found to have man
biological effects, including
antitumour, hypotensive an
analgesic properties (van Wk al.,
2002). The species has also bg
found to be highly active again
flaviviruses yellow fever ang
Japanese encephalitis (Hutchingts
al., 1996).

Crinum moorei

Bulb decoctions of this species are taken by
Zulu for swelling of the body and urinary tra
problems and unspecified parts are u
medicinally for cattle (Hutchingst al.,1996).

Thirteen alkaloids have beg
isolated from C. moorej these
include bulbispermine and mooreil
(Elgorashi et al., 2001), lycorine,
cheryrilline, crinamidine, criniding
dihydocrinidinr and powelline (Wat
and BreyeiBrandwijk, 1962). Thes¢
compounds are thought to ha
various effects, including &n
tumour, hypotensive and analge
activity (van Wyket al.,2002).

Crinum stuhlmannii

Bulb decoctions of the species (like moore)
are used for swelling of the body and uring
tract problems. Additionally, unspecified pa
are used medicinallfor cattle (Hutching®t al.,
1996). Water extracts are also thought to ¢
cancer (Naiet al.,1998).

Novel alkaloids such a
delagoensine and delagoenine h;
been isolated in the species toget
with alkaloids that are widely
distributed in the gars (Lycorine).
Lycorine, in particular has man
biological and pharmacologicg
activities (antitumour, hypotensiv
and analgesic activity) (Naiet al.,
1998; van Wylet al.,2002).

Drimia altissima

D. altissimais known to be used as poultices
rheumatic swellings and gouty limbs as well
to treat bronchitis, asthma, hoarseness
influenza (Hutchings, 1997). Additionally, it
used to treat gastiotestinal ailmentg
(McCartan and van Staden, 1999).

This species is also toxic to stoq
with symptoms resembling those
Drimia sanguinegWatt and Breyer
Brandwijk, 1932). Irritation whern
rubbed on skin is also noted and
due to the presence of calciy
oxalate, which is grouped int
bundles known as raphides and

ca.200300 em | oetd.,

2001). The species exhibits digitali
like action and possesses a cau
sap  (Pohl et al, 2001).
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Medicinal uses
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Bufadienolides have also be¢
isolated from the species (Pdailal.,
2001).

Drimia cooperi

The species is known agMahlokolozain the
Warwick marlet where it has been collects
(interestingly, this is the same & altissima
andU. epigea and is most likely to have similg
medicinal usesD. altissimais known as to be
used as poultices for rheumatic swellings ¢
gouty limbs as well as to treatrdmchitis,
asthma, hoarseness and influenza (Hutchi
1997). Additionally, it is used to treat gastr
intestinal ailments (McCartan and Van Stad
1999).

No irritation was noted whe
handling the species but inner by
scales may have a caustic sape’
presence of caustic sap indicates
presence of bufadienolides a
symptoms of poisoning would K
similar to thos
poisoning.

Drimia delagoensis

The bulbs of this species are usedintelezi
mixtures (as a protective charm) aatk also
used to protect animal skins against dogs (w|
they are being dried) (Hutchings al., 1996).
Decoctions of bulbs are also taken orally for
treatment of broken bones (Koorbanadly al.,
200%).

Sap from the bulb irritates the sk
and cases severe itchineg
(Hutchingset al., 1996) and its us¢
as a dog deterrent highlights
distasteful  qualities.  Howeve
livestock feeding  experiment
indicate thatD. delagoensids non
toxic and biochemical analys
isolated a homoisoflavanone rath
than a bufadienolide (which i
common on other species within t
Drimia genus). This is the onl
species within the genirimia that
has had a homoisoflavanone isola
(Koorbonallyet al.,200%).

Drimia elata

The bulb is used to treat high blood gsare
(McCartan and van Staden, 1999). In additi
bulb scales are rubbed on the chest for stab
pains and are used in protective charm mi
known asintelezi (Hutchingset al., 1996). The
leaves are said to be a diuretic, emetic
expectorant andra used to clean the bladd
and treat diseases of the uterus (Watt
BreyerBrandwijk, 1962; van Wylet al.,2002).

The bulb scales and leaves produd
stinging effect when rubbed on tk
skin and the rash can persist for
to 24hours, with the stimgg effect
of the leaves being greater than t
of the bulb scales (Hutchings al.,
1996). The pharmacology oD.

elata seems to be unknown but i
similarity with D. robusta and D.

sanguineasuggest the presence

both calcium oxalate crystals ai
bufadienolide compounds (van Wy
et al, 2002). Symptoms o
poisoning would be similar to that

Slangkop poisoning and the spec
may implicated in cases of sto
poisoning. These symptoms inclug
frequent  urination, diarrhoeg
muscular tremors, increase
respiratory rate and later weak a
slow heart rate (Margt al.,2005).

Drimia robusta

D. robustais heavily utilised medicinal bul
and is used as an expectorant, emetic and e
to treat feverish colds (McCartan and V|
Staden, 1999). Bulbs are alased in protective
charm mixtures calledntelezi and to treat
diseases of the uterus and to promote
healing of broken bones (Padtlal.,2001).

The plant is thought to be toxic {
stock (Hutchings, 1997). Sympton
include dyspnoea, quickening al
then slowing of the pulse an
general muscular paresis. The bu
cause irritation when handled due
crystalline  needles of calciuf
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oxalate (van Wyket al., 2002). In
addition, the species has been fol
to contain bufadienolides (Poldt
al., 2001).

Drimia sanguinea

The species is commonly used as
expectorant, emetic, heart tonic, diuretic and
wound healing and is a very importg
traditional medicine (van Wykt al., 2002). In
addition, it has been used as an abortifaci
treatment for venerl diseases, abdominal pa
backache and hypertension (Marixal., 2005).
It is very poisonous (Dyer, 1977) and is a mg
cause of accidental deaths by people us
traditional medicine. The species also cauy
major stock losses (Dyer, 1977).

The man toxin is cardiac glycosidg
(bufadienolide) which  produce
gastrointestinal symptoms, includi
nausea and vomiting (van Wyt
al., 2002). The cardiac glycosid
binds to extra cellular binding sitg
on cell membranes, especially

conducting tissues sh as nerve
fibres, cardiag skeletal and smooth
muscles (Manet al.,2005). In stock
animals, the symptoms of what

known as 0S| angk
been recorded and consist

frequent urination, diarrhoeg
muscular tremors, increass

respiratoryrate and later weak an
slow heart rate (Margt al.,2005).

Urginea epigea

The bulbs are used as soap and for the treat
of backache in Swaziland (Koorbanaky al.,
2004) and in Sekhukhuneland; the smoke
smouldering bulbs is inhaled to relie
headaches (Dyer, 1947). It is also a treatn
for colds (McCartan and van Staden, 1999).

The bulb sap olU. epigeausually
induces a mild skin irritation whe
rubbed on the skin. This species |
not been implicated in any stoq
poisoning, however the @sence of
bufadienolides suggest that the
may occur (Koorbanallyet al.,
2004). The physiological effects

such poisoning would be similar {
6Sl angkopd p oD.

sanguineaand would most likely
include symptoms of frequel
urination,  diarrhoea, muscular
tremors, increased respiratory rg
and later weak and slow heart ra
(Marx et al.,2005).

Urginea lydenburgensis

The bulb is used internally for the treatment
asthma and itching of the skin and can be U
in conjunction withD altissimaand U. epigea
respectively to relieve asthma and blg
impurities. Swazi traditional healers use 1
species to alleviate body pains (possi
rheumatism) (Croucht al.,2006).

Phytochemical analysis hd
indicated the presence of noyv
bufadienolides (&uchet al.,2006).
The species has been indicated
cases of stock poisoning ai
toxicology tests have shown that t
species is highly toxic (van der Wg
and Steyn, 1939). Symptoms
poisoning include apathy and sevg

diarrhoea (consistent wit
cardotoxicosis) (Crouch et al.,
2006).
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APPENDIX3

SURVEY QUESTIONNAIRE

Questionnaire number Interviewer

Date of interview Location

Trader information: Look at the trader and write down whether they are male or female an@stimate how
old they lodk. Ask them where home is and if they are a traditional healeor not.

Gender Ethnicity

Healer? (Y/N) Where is

Visual estimation of age

Species information:

1.) Look at all the Ncotho | Gibisila | Mduze | uMahlokoloza| UmHIlabelo skenama inDongana
species present ¢ zimbomvana
the stall. Estimate D. altissima | U. epigea D. delagoensis
the % of the tota
volume i.e. 10% of
total

D. cooperi D. elata

D. robusta
D. sanguinea
other

2.) Look at all the| Ncotho Gibisila | Mduze | uMahlokoloza| UmHlabelo skenama inDongana

species present g zimbomvana
the stall. Estimate D. altissima | U. epigea D. delagoensis
the total volume

present by

imagining the

numbers of D. cooperi D. elata
checkers would bg D. robusta
filled. (i.e. Ya D. sanguinea
checkers) other
ForMduze

Look at the bulbs on sale and see if you can see a difference in the bulbs on sale using the photos below. Then
estimate the % of each bulb type present.

Picture @.;&w ,m@ Other
Species C. stuhlmannii| C. moorei C. buphanoides| C. bulbispermum| C. macowanii

3.) % of total

4.) Where

from?

5.) Proportion oBrunsvigiaspecies
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For each species, look at a few of the most common sized bulhssaritle diameter figure to estimate the mean
bulb size at the stall. Work out the % of each size at the stall

6.) <20mm B. Crinum D. D. D. D. u. Other
Estimate disticha | spp delagoensig elata | robusta| sanguineal epigea
the % of| 21-40mm

bulbs of | 41-60mm

each size¢ 61-80mm

present | 81-100mm
101-120mm
123-140mm
1431-160mm
161-180mm
181-200mm

ForB. volubilis number of sachets on sale:

7). Do you buy this spéxs you/your family harvest it? (x &f)

Buy: ‘ Sometimes both ‘ Self harvest:

| /

9. Where doyou harvest it from? (private,
farms, nature reserves, communal land) N
what bwn, region, province?

8. Who do youbuy it from, and where do they con
from? What province?

B. disticha

B. volubilis

Crinum spp

. altissima And/

. delagoensis OR

. robusta

. sanguinea

D
D
D. elata
D
D
U

. epigea

Other:

10. Look at the bulbs. Estimate how ma Price/ 11. Look at the bulbs. Estimate how ma
&heckerd are filled. Then ask th&ader volume &heckeré are filled. Then ask the trader hg
how often he buys the amount often he harvests that amount

B. disticha

B. volubilis

Crinum spp

. altissima And/

. delagpensis OR

. robusta

. sanguinea

D
D
D. elata
D
D
U

. epigea

Other:

12.) In the summer when you have a choice do 13.) Do you prefer to harvest bulbs when
prefer to buy bulbs that have been harvested at a sp has?
time?

Yes, harvested when flowering Flowers

Yes, harvested with seeds Seeds

No, any time Any time
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14.) Do you prefer to buy bulbs that are a specific s 15.) Do you prefer to buy bulbs that are

Or do you buy whatever the harvesters have? spedfic size? Or do you harvest whatever t
harvesters have?

Yes, | like big bulbs Yes, | like big bulbs

Yes, | like small bulbs Yes, | like small bulbs

No, whatever | get given No, whatever | get given

17. How much do you usually

s
16. How much does 1 bag cost~ dig out?

Proportion of 50kg sized bag:

Proportion of 50kg sized bag filled for th
price:

18) How difficult is it to find this bulb?

Very difficult Not so difficult Very easy

B. disticha

B. volubilis

Crinum spp

. altissima

. delagoensis

. elata

. sanguinea

D
D
D
D. robusta
D
U

. epigea

Other:

19) When you and harvest this bulb, do you harvest everything?

I f you dondt take about eve

Yes/No you leavebehind?

B. disticha

B. volubilis

Crinum spp

. altissima

. delagoensis

. elata

. sanguinea

D
D
D
D. robusta
D
U

. epigea

Other:

20) When you find this bulb in th
wild how close together are the bul| Close/Scattered
(close togetherrospread out)

21.) When you find this bulb is it i
rocky area or flat areas?

B. disticha

B. volubilis

Crinum spp

D. altissima

. delagoensis

. elata

. sanguinea

D
D
D. robusta
D
U

. epigea

Other:

22) Domanypele like to buy and use this plant?
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Lots of people buy it

Only a few

Other?

B. disticha

B. volubilis

Crinum spp

. altissima

. delagoensis

. robusta

. sanguinea

D
D
D. elata
D
D
U

. epigea

Other:

23) How many bulb sak do you make in a day/week/month?

When itéds

gui et ?

Wh e n

itos

busy?

B. disticha

B. volubilis

Crinum spp

. altissima

. delagoensis

. robusta

. sanguinea

D
D
D. elata
D
D
U

. epigea

Other:

24.) How many total sales do you makday?

Free State

<2

2-4 4-6

6-8 8-10

10-12

12-14

14-16 | 1618

>18

Warwick

<4

4-8 8-12

1216 | 1620

20-24

24-28

2832 | 32-36

>36

25.) How many customers do you see a day on quiet days

26.) How many customers do you see on busy days?

27.) How many qiet days do you have a month/week?

28.) How many busy days do you have a month/week?

Page [L73




APPENDIX4

BULB PHOTOS SHOWN DURING MARKET SURVEYS

Species

Photo

Boophone disticha

Bowiea volubilis

Drimia altissima

Drimia elata

Drimia lydenburgensis (Nelspruit)

Drimia robusta
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