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ABSTRACT

Adenium swazicumis currently listed as Critically Endangered du@ast and future

population declines, which have been estimateat®1%6 over three generations. Although
10-20% of the population is present in formal pcted areas, no studies have been published
on the species population biology and ecology, Wi essential to ensure its effective
conservation. The broad aim of this research wasviestigate the population biology and
ecology ofAdenium swazicum by investigating factors such as current distriouti

population structure, reproductive characteristiegmination, herbivory and current threats.

The current distribution o&Adenium swazicum was determined by searching all herbarium
records on the National Herbarium Pretoria Compaedrinformation System as well as
additional suitable habitat through fieldwork, canted during the flowering period (October
to April) between 2009 and 2011. The current Eixt¢érOccurrence (EOO) and Area of
Occupancy (AOO) were determined by incorporating@hfirmed localities oAdenium
swazicum. To determine the population biology Adenium swazicum, fifty plants in four
representative populations were studied with regtrglant size, extent and intensity of
herbivory, flower production as well as folliclecaseed production. The reproduction of
Adenium swazicum was determined through pollinator observations evtiie number of
flowers and fruit (follicles) produced, as wellfasit and seed set were compared in the four
representative populations. Seed viability wagmheined through tetrazolium staining,
while germination experiments were used to deteemimimum, maximum and optimum

temperature ranges as well as mean germination t®eedling emergence and establishment




were determined for various soil media, depth eflsglanting, watering regimes and

shading.

The current distribution ok. swazicum included 23 localities in South Africa, Swazilasud
Mozambique, while the Extent of Occurrence (EOQO$ wpproximately 8 392kmz2 (839 246
ha) and the Area of Occupancy (AOO) was estimatduet8.5km?2 (850ha). Although this
indicates thaf\. swazicum might be more widespread than previously belietieel,
population sizes were all small (between 1 and a#t)) most of the populations were still

threatened, mostly by habitat destruction and Istirvg for medicinal purposes.

The research found that adAltswazicum plants were found to have a high tolerance to
natural disturbance (fire, herbivory) and respifoomn the underground tuber even if all

above ground parts were destroyed. It is howerkkely that seedlings and juveniles will

be able to withstand significant impact on the abground parts since the underground tuber

only develops in plants older than 24 months.

Despite big and bright floral displays which shoattfact insect pollinators, low diurnal
insect activity was observed arouiddswazicum. However, a fast flyin@phingidae (Hawk
Moth), which is most likely a pollinator, was obged atA. swazicum flowers at dusk. Small
population size and isolation might have been these of no reproduction (very few follicles
and no seed) in at least one population in 201éntiGued reproduction failure as well as
destruction of remaining adult plants by housingedi@ments and collection for medicinal

purposes might lead to the local extinction of gogulation.




With sufficient available moisture, high germinatisuccess (82 to 90%) fér swazicum

was achieved at temperatures between 20°C and 8biut any pre-treatment, and
‘maximum’ germination was reached in less than @dr&. The cultivation oA. swazicum
from seed is highly successful, with different sogdia having no apparent influence on
seedling emergence and establishment. Seedlinggente was highly dependent on water,
and although shading did not influence seedlingrgaree, seedling establishment/survival
was highly dependent on shading. Since seed eefe@s A. swazicum coincides with the
start of the rainy season (October), as well ast gf@mination responses, it is highly

unlikely thatA. swazicum forms persistent soil seed banks.

The uncomplicated propagationAfswazicum has resulted in a significaet situ collection

at the Lowveld National Botanical Garden, with mtivan 2000 plants (adults and seedlings)
grown from seeds which were collected from foufed#nt populations over an eight year
period. In addition, the Skukuza indigenous nyrgeiKruger National Park has more than
250 plants (adults and seedlings) all of which wgravn from seed collected in the KNP.
These livingex situ collections provide a valuable source of plant maltéor future

restoration projects.

Despite an increase in the number of kn@denium swazcum populations, the population
sizes are small (1 to 141) and most populationstdl¢hreatened by habitat destruction and
high levels of exploitation by medicinal plant hesters. It is therefore recommended that

Adenium swazicum remains listed as Critically Endangered (A4acd;B2dbriteria Adacd:

\



“An observed, estimated, inferred, projected opsaed population reduction (up to a
maximum of 100 years) where the time period mudtioe both the past and future, and
where the causes of reduction may not have ceasethg not be understood, or may not be
reversible based on”. This assessment was bas@) tve causes of reduction/Adenium
swazicum populations have not ceased and may not be relergib there is a decline in
AOOQO, EOO and habitat quality; and (d) there is algtoontinuing exploitation oA.

swazicum. Adenium swazicum also qualifies as CR under criteria B2b(iv,v): ‘@@eaphic
range in the form of Area of Occupancy (AOO) of ki with (b) continuing decline in (iv)

number of locations or subpopulations and (v) nunatbenature individuals”.

No immediate management intervention is needegdpulations which are located in

formal protected areas, although it is recommenidatithese populations be monitored,
especially with regards to reproduction to infotufe management decisions. It is possible
that low seed viability recorded in population Q09 and 2010 could be due to inbreeding
depression caused by the destruction of surrourbpglations due to sugarcane fields and
harvesting of adult plants for medicinal uses. Toeveld National Botanical Garden had
collected parental material from populations sunding population C since 2003; it is
recommended that restoration of decimated popuisii® conducted in secure areas on for
example private land and community schools. Lasted collected from various
populations should be banked at the Kew MillenniBeed Bank Project, England to ensure

viableex situ collections.
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CHAPTER 1: INTRODUCTION

1.1 GENERAL OVERVIEW
1.1.1 Adenium swazicum

The genudenium is closely related t®achypodium andNerium and belongs to the tribe
Nerieae of the subfamilyApocynoidae in the family Apocynaceae. Although the genus
Adenium originally consisted of six species, Plaizier (@R his revision of the genus
reduced this number to five, namégienium obesum Roem & SchultA. multiflorum
Klotzsch,A. boehmianum Schinz A. oleifolium Stapf andA. swazicum Stapf. With the
exception ofA. obesum, all species are restricted to small areas inhgwatAfrica. All
Adenium species occur in savanna or open forests on samabgky soils, which are often

brackish (Plaizier 1980). The type specimen ferdbnus i€\. obesumin Arabia.

Adenium swazicum was originally described by Rowley (1980) as aetgirof A.

boehmianum, howeverA. boehmianum occurs in northern Namibia, southern Angola and
Botswana whiléA. swazicum occurs in South Africa (Mpumalanga and Limpopaya3iland
and Mozambique Plaizier (1980) therefore reinstétesivazicum as a species. The type
specimen foA. swazicum s located in SwazilandA. swazicumis a succulent shrub of 0.2-
0.7m tall with a carrot-like tuber, which can betodm in diameter. The leaves are
narrowly oblong, rounded and mucronate at the afidse inflorescence is approximately
1.5-3.5 x 1-2.5cm in size and tinged with pink ed.r Flowers cut vertically revealed two
internal parts, the large outer chamber and thiosed inner chamber (Figure 1.1). The
large outer chamber allows free access to anytingate the small inner chamber protects

the nectar and reproductive parts. The only ewettie inner chamber is through five narrow




slits between the anthers and as described by RqM80) only an insect with a proboscis
length of at least 15mm can reach the nectar. cohala is crimson, deep mauve, or pink to
white while the tube is crimson to white. The franie follicles, which were not described in
detail. During his revision okdenium, Plaizier (1980) indicated thAt swazicumwas
considered to be widespread in savannas with samdyften brackish soil and occurs in the
eastern Mpumalanga (formerly the eastern Transeaa)Northern Zululand as well as

Swaziland and southern Mozambique.

Anthers hused af top

Large outer chamber

Pollen grams

Cilutimous stvle hend

Arrows like points

=mall inner chamber

Carpels suspended above
nectar,

Figure 1.1: A mature Adenium swazicum flower cut vertically to reveal the large outer chanber
as well as the closed inner chamber which housestharpels and nectar.




1.1.2 Red List Assessments and Legislation

In the South African National scientific programnmeport No. 45 of May 198@®denium
swazicumwas assessed according to the International Unroime Conservation of Nature
(IUCN) Threatened Species committee criteria asdef an indeterminate status (Hall et al
1980). This indeterminate status remained the salnes the species was assessed again for
the Red list in 1996 (Hilton-Taylor 1996). Indetenaite status means that although the taxa
is known to be either Extinct (EX), Extinct in théld (EW), Critically Endangered (CR),
Endangered (EN), Vulnerable (VU), Near Threatem¢d) (or Rare (R), there is insufficient
information available to decide which of the sixegpories is appropriate (Hilton-Taylor
1996). In 200A. swazicum was assessed as EN for Swaziland, but no assessaedone
for South Africa (Golding 2002) or globally. In 28@he South African National Biodiversity
Institute (SANBI) through the Threatened SpecieggRrmme (TSP) assess&dswazicum
for the IUCN Red Data List and established thatsihecies was Critically Endangered
(CR:Adacd) based on the following criteria:

(a) “The causes of reduction may not have ceaseth@pRnot be understood OR may

not be reversible based on direct observation;

(c) There is a decline in Area of occupancy (AO&}ent of occurrence (EOQO) and

habitat quality; and

(d) There are actual or potential levels of expliban (TSP data SANBI)”.
According to the assessments done to determingtbat status oA. swazicum for the 2008
IUCN Red List, it was estimated that 50% of thenpdapast habitat has been transformed for
sugarcane agriculture over the past three genesatiSince the life history &. swazicum
was not known at the time of the assessment, tleeerations was estimated to be between

20-30 years. Past and future declines are estihaet@n overall decline of 80% over three
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generations, with the Kruger National Park (KNR)iocated as a safe habitat representing an
estimated 10-20% of the total populatiofhis means that the population in the KNP is “safe

guarding” the species against extinction.

Due to the continued decline and poor conservatiatus A. swazicumwas listed in 2007 as
protected under the National Environmental Manageniodiversity Act, 2004 (Act 10 of
2004) (NEMBA): Threatened or Protected SpeciesuReigns (TOPS). These threatened or
protected species were listed in the GovernmenetBanumber 29657, Regulation Gazette
number R.8638, Notice No R.151. The principle mexjuent of this Act states: “A person
may not carry out a restricted activity involving@ecimen of a listed threatened or protected
species without a permit (section 57(1))”. Resddcactivities applicable to floral species are

defined as follows:

“Gathering, collecting or plucking any specimeradisted threatened or protected
species;

» Picking parts of, or cutting, chopping off, uprewj damaging or destroying, any
specimen of a listed threatened or protected specie

* Importing into the Republic, including introducifrgm the sea, any specimen of a
listed threatened or protected species;

» Having in possession or exercising physical cordvar any specimen of a listed
threatened or protected species, or causing iulapty;

» Conveying, moving or otherwise translocating angcamen of a listed threatened or

protected species;




» Selling or otherwise trading in, buying, receiviggying or donating or accepting as a
gift, or in any way acquiring or disposing of ampesimens of a listed threatened or
protected species; or

» Any other prescribed activity, which involves a cipgen of a listed threatened or
protected species.”

This TOPS species list was expanded in 2013 anlisped for comment in the Government
Gazette number 36375, Notice Number 389 of 2018.th® updated list\. swazicumis

listed under CR - medicinal flora and restrictetivatoes are limited to wild specimens and
therefore exclude artificially propagated specime&hgh are currently cultivated by

nurseries. However, this list has not yet beerdempnted.

Despite the listing oA. swazicum as CR and the species being protected in terms of
legislation, its conservation ecology has not b&tedied and gaps in the information
availableinclude:

» Historic and current distribution &f. swazicum;

» Population sizes including those in protected areas

* The extent of medicinal and horticultural usestfa species;

* The ecology of the species; and

* Reproduction including pollination, seed productigarmination, soil seed bank

formation, seed dormancy and seedling establisharentnknown.

Hence there is a need for a detailed study orsfiesies in order to facilitate its conservation

bothin situ andex situ.




1.1.3 Biodiversity loss in South Africa

Despite various conservation efforts, loss of biedsity continues on regional and global
scales due to increasing intensity of disturbasced as overexploitation of species, habitat
destruction, climate change and invasion by alpgces (Witkowski et al. 1997; Mouillot et
al. 2013). South Africa has the world’s richest tenapefflora (Germishuizen et. &006)
consisting of more than 20 450 indigenous vasquiart species. Of the 20 450 species, 4
809 (24%) species are of conservation concern whidhde the IUCN categories (EX, EW,
CR, EN, VU, NT) as well as the South African categs of Critically Rare, Rare and

Declining (Raimondo et aP009).

Population size plays an important role in extimctprobability of a species (Knowles &
Witkowski 2000; Franzen & Nilsson 2009). It is geally accepted that the smaller the
population, the greater the extinction risk fromi@as causes such as demographic
stochasticity, environmental stochasticity, genstachasticity and natural catastrophes
(Shaffer 1981; van Dyke 2003). The number of ptg®cies that are threatened with
extinction has been increasing as habitats thrautgbmuthern Africa are transformed to meet
the needs of people (Botha et al. 2004a). In smidib this, with the commercialisation of
wild plants especially in instances where the demmarmigh and harvesting methods are
destructive, the management of these speciestisyarly difficult (Botha et al2004a).
Legislation has also not succeeded in preventiagal trade in medicinal species in South
Africa (Cousins et al. 2013a; Retief et al. 2014tlidms et al. 2014). Large portions of
threatened plants in southern Africa are not represl in protected areas or nature reserves

while the presence of a species within a proteated is also no guarantee that conservation




will be effective (Witkowski et al. 1997; Knowles Witkowski 2000; Pfab & Witkowski

2000).

The main threats affecting South Africa’s plantaaxe habitat loss with the two main land
uses driving habitat loss being crop cultivatiod &ousing developments (Von Staden et al.
2009). After habitat loss, the second largestathti@ plant species is habitat degradation with
the main driver being overgrazing by livestock aetkterious fire regimes (Dovie et al.
2002; Von Staden et.&009). The same situation pertains to Swazilaad, gf the range of
A. swazicum (Witkowski et al. 2001). Approximately 405 plamtesies in South Africa are
primarily threatened by plant collecting for thiegal horticultural trade and medicinal
purposes, although only 20% of the 322 speciedadguraded for medicinal purposes
qualify as threatened according to the IUCN crét€kion Staden et 22009). Rural
communities are major contributors to the medicplaht trade with the bulk of the traded
plants collected from wild populations (Cunningh2®91; Mander 1998; Botha et al
2004b). Many plant species, which are collectedrfedicinal purposes, are destructively
harvested, with the plant parts most traded othievatersrand being roots (38.4%), bark
(25.6%), leaves and stems (13.5%) and bulbs (10(8%tjams et al 2000). The harvesting
of bulbs and roots in particular are more likelyasult in plant mortality, and hence more
rapid population decline. The trade in traditiomadicines plays an important part of a
multimillion-rand economy (Dold & Cocks 2002) wiéim estimated 27 million consumers of

indigenous medicine in southern Africa (Mander 1998

Neuwinger (1996) has conducted detailed studigb@traditional or medicinal uses for four

Adenium species includind\.. boehmianum Schinzfrom whichA. swazicum Stapfwas
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described.A. boehmianumis theAdenium species which is most widely used as a hunting
poison by the Ovambo people from Kaokoland, Namildaehm did the first chemical
investigation orAdenium boehmianum in 1889 (Neuwinger 1996), in which a highly toxic
cardiac glycoside known as echujine was isolatextge animals such as kudu, oryx,
hartebeest and eland shot with poison arrows dippAdenium sap, died in less than ten
hours depending on where on the body the animahitas East Africa and Limpopo
Province (formerly known as the northern Transyaalimultiflorumis used as a fish poison
while in the central KalaharA. oleifoliumis used as an ointment. The ointment is appbed t
shake and scorpion bites or an infusion is mada fte roots which is taken as a tonic for
gastric disturbance and as a remedy for feverst(&Brandwijk 1962). In Somalia, a root
decoction is used to treat rhinitis where a smak@is boiled with a glass of water and a
drop of the extract is inserted in each nostrilthdugh glucosides have been isolated from
tubers, roots, stems and seeds, only the roottubeds are used for medicinal and hunting

purposes (Neuwinger 1996).

A number of plant species have been harvestedh&ir desthetic value to such an extent that
their populations have become very small and acerbeng Critically Rare (Winter & Botha
1992). Plant species in the geraenium Roem & Schult. have proven to be very popular
for ornamental purposes and landscaping in eastemtries such as China and Thailand. In
the past decade, breeders from the United Statdmefica (USA), India, Australia and
Kenya have also been showing an increasing intarégtenium cultivation (Dimmit &

Hanson 1991). The most commadenium hybrid in Thailand iAdenium “Arizona” which

is a hybrid betweeA. obesum andA. swazicum. In this hybridA. swazicumis the parent

plant which contributes to flower colour and ith& only species in the genus which is cold
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and frost resistant (Dimmit 1998R. obesum contributes to the strong and erect growth form
and round flower shapes. TAdenium Arizona hybrid has a very large caudex and long
flowering seasonsA. swazicum has been used for hybridization since 1985 (Dinanél.

2009) and the harvesting of wifd swazicumwas considered to be a contributing factor to

past and future declines (TSP 2008).

1.1.4 Metapopulations, sources and sinks

Metapopulations are collections of smaller popoladior subpopulations of a species in a
specific area, occupying a suitable patch of hakitdnin a landscape of otherwise unsuitable
habitat while still exchanging individuals or gergsway of dispersal (Brewer 1994; van
Dyke 2003). This population structure can applgfecies that live in a landscape where
suitable patches are located in optimal habitatstl@refore support large populations while
some individuals disperse to other patches, whightibe less than optimal and therefore
hold smaller populations (Schemske et al. 1994)e fE€rm “sink” refers to habitats where
population loss exceeds population increase wHitmarce” refers to habitats where surplus
individuals are produced and these individualslaeeefore available for dispersal (Brewer
1994; Runge et al. 2006). Metapopulations theegparsist because of the interactions
between patches that will prevent the extinctiothefwhole metapopulation. According to
Van Dyke (2003), the metapopulation theory has lageattractive paradigm for
conservation for the following reasons:

* Many species have patchy distributions which fits tnetapopulation paradigm;

* Habitat fragmentation tends to increase patchimedsstributions of populations,

thereby creating metapopulations from populatityas were contiguous;




» Metapopulation reinforces the hope of conservasisrthat disappearance of
populations from local patches for fragments nestdmevitably result in extinction;
and

* A metapopulation normally has more genetic varratltan single populations, and
therefore the risk of extinction is lessened beealisthe populations are unlikely to

be exposed to the same demographic events simaoilisiye

The use of plants for examining metapopulation @sses and predictions has lagged behind
those studies that focussed on animals, whilegiveplant studies were biased towards
annual and short-lived perennials (Husband & Bair@®6), which are easier to study than

perennial species such as shrubs and trees.

1.1.5 Understanding species ecology and population biolgdor threatened species

To evaluate the causes of endangerment and enshemgntinued survival of species in
nature, as well as developing the criteria to dhetee when species recovery has been
achieved, is a daunting task especially for pléathemske 1994). The lack of information
on the biology of threatened plants has been lggtdd almost two decades ago in South
Africa (Witkowski et al. 1997). In order to detara the conservation ecology and status of
threatened plant species in the northern regioi®oath Africa, up-to-date information on
key parameters such as population size, rate aflappn decline and extent of occurrence is
required (Baillie et al. 2004). The reasons fgoydation decline are identified by an
investigation of the species ecology, while thecgggepopulation biology indicates / reveals
the internal agents of decline including plant semuction, reduced flowering, lack of

pollinators, ineffective seed dispersal, fruit @#an and germination failure (e.g. Pfab &
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Witkowski 1999a; Knowles & Witkowski 2000; Witkowskt al. 2001). Growing seasons,
flowering and fruiting sequences as well as ingdetractions of plants are essential factors
contributing to the total understanding of the gapan biology. According to Witkowski et
al. (1997), studies of threatened species need toaemigiur major factors, which include
population size and structure, physical and chdmeivaronmental setting, regeneration
capacity and disturbance regimes that impact osethi@eatened species. Limiting factors
are the physical factors such as climate (includingate change), geology, geomorphology,
soil type, soil chemical composition (i.e. pH amdirsty), slope/aspect and fire regime that
determine the zone in which life is possible foctearganism (Witkowski et al. 1997). Soil
properties have a large influence on the compasditd structure of terrestrial vegetation
(Medinski et al. 2010). Direct effects of soil plant species include pH, while resource
effects relate to the nutrients and water availgbilThere are obvious differences in species
composition of vegetation on sodic sites, which rnayelated to the soil's physical and
chemical characteristics (Medinski 2007). In acshils (especially soils with a pH <6),
essential nutrients such as calcium, magnesiuraspoim, phosphorus and molybdenum are
depleted or not available in a form that is useéblgants (Medinski 2007). Individual sodic
soil sites are usually small, have relatively umforegetation, are generally found next to
drainage lines, and vary in size from a few squaeters to several hectares (Khomo &
Rogers 2005). The plant growth in these areamehed by the presence of the B-horizon
at a shallow depth; this B-horizon possesses aavonfable physical structure due to the
presence of deflocculated clay (Dye & Walker 1988hdic sites develop because of
subsurface water movement in duplex soils, ancetiess are located in the footslopes of
granitic catenas where the loss of the A-horizdio¥es the destruction of the protective

grass cover (Dye & Walker 1980). Apart from clungb&uclea divinorum trees and shrubs,
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woody vegetation is generally absent from erodelicssites. Furthermore, an important
factor in the formation of sodic sites is the cortcations of wildlife within these areas due to
the presence of permanent water (Chappell 1998¢ high clay and silt content observed in
sodic sites, tends to increase the crusting peateitisoil and therefore decreases soll
infiltration, thereby preventing the germinatiordaamergence of seedlings (Mills et al. 2006;

Medinski 2010).

Plant conservation biology has largely been basediecades of research into plant
population dynamics and distributions and the factbat affect them (Harper 1977 in
Ancheta & Heard 2011). The variation in populatgpowth rates is caused by different
underlying vital rates such as germination, segdjrowth, reproduction and death while the
vital rates are in turn influenced by multiple emvimental factors including fire, herbivory
and weather and the contribution of these factopopulation dynamics depend on the life
history of the species (Buckley et al. 2010). Af@nfall and soils, fire and herbivory are
two of the main determinants of savanna ecosyswathgire considered the major role
player in distinguishing between vegetation typeshsas grassland, woodland and forests
(Adams 2013; Masunga et al. 2013). Plants use tégaurces for growth, maintenance and
reproduction (Stephenson 1981) and the amountsesétresources that are available will
depend on factors such as rainfall, temperatuseadies, herbivory and fire. Although
succulent plants are found to often grow in rockgaa, mortality rates of succulents after fire
is highly variable and can be more than 50% (Thob®#d; Pfab & Witkowski 1999a;
Cousins et al. in press). Herbivory can have ingdreffects on population dynamics of
some rare plant species (Pfab & Witkowski 1999da2001; Witkowski et al. 2001;

Maron & Crone 2006). However, the impact of hedbwcould be different on a host plant
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that has recently declined to rarity compared t® thiat has been rare through evolutionary
time and has therefore evolved traits to survivirery (Ancheta & Heard 2011). Among
insect feeding guilds, seed predation is genecalhsidered to have strong effects on plant
populations (Crawley 1990), while plants tolerat@siderable damage to non-reproductive
tissue such as leaves (Ancheta & Heard 2011). Mexyderbivory might hinder the
maturation of flowers into fruit especially wherrbiores destroy photosynthetic tissues
such as leaves, which result in a depletion ofganic nutrients essential for fruit formation
(Stephenson 1981; Pfab & Witkowski 1999a). Witkkm(&990) found that resource
allocation to reproduction might be altered by pradg fewer and smaller sized seeds and

aborting immature seeds lirucospermum parile.

In order to understand community processes suobgaseration, establishment, succession,
species survival strategies and causes of rargyimportant to have knowledge of a plant’s
reproductive ecology (Cousins et al. 2013b) inclgdpollination. Pollination includes
pollination strategies, flowering phenology andigats of nectar, fruit and seed production
(Lovett Doust & Lovett Doust 1990; Arena et al. 30Cousins et al. 2013b) while seed
ecology deals with dispersal, dormancy and gernangEenner & Thompson 2006; Cousins
et al. 2013b).Pachypodium andAdenium have scent-less flowers displayed in colours df re
pink, yellow and white with nectar at the bottomttod tube (Rowley 1980). Flower colour
functions as a long distance signal for pollinatesgpecially for actively flying diurnal

insects (Kevan 1978). Floral guides are a forrol@$e-in attractant, can be olfactory,
structural or visual with some visual guides rdileg UV light, and are therefore not visible
to the human eye. Hawkmoths (Sphinx moths) howvBtowers in the same fashion as

hummingbirds, and suck nectar through their lorabpscises (Kelber et al. 2003).
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Hawkmoths are mostly nocturnal and have the patefar wavelength discrimination or

trichromatic colour vision that functions at lowghit levels.

Species in the family Apocynaceae, that includesggnusAdenium, show a strong degree of
self-incompatibility (Waddington 1976; Rowley 198Darrault & Schlindwein 2005; Araujo
et al. 2013). Some succulents have extremely sirmpdl unspecialised pollination systems
with flat heads and open blooms in which the necaarbe seen and is therefore available to
a range of insects (Rowley 1980). In contrashis, species in the family Apocynaceae have
evolved highly specialized flowers which are deedjto make maximum use of every insect
visit through the removal of pollen adhering to ti&tor's mouth parts while at the same
time ensuring that a large portion of its own polleecomes attached to the retracting
probiscus (Rowley 1980, 1999; Darrault & Schlindw2005). The wide corolla tube of
Adenium species, as well as the red or pink colour, calplgh a lack of scent suggests a
large bee with a proboscis length of at least 18miikely to be the pollinator (Rowley

1980). There are very few records of pollinatarsHachypodium or Adenium, with
hawkmoths suggested for long narrow-tubed flowadssamall green flies fdPachypodium
densiflorum (Rowley 1999), while bees (Rowley 1999) pollinAtienium species, which are
cultivated in Hawaii. The proboscis is used tayaollen for most butterfly-pollinated and
moth-pollinated flowers. Long, slender proboscaesadapted for reaching nectar at the
base of narrowly tubular flowers (Suguira & Yamazz®05). Flowers that are pollinated by
animals have various features such as colour, seehstructure, which reflect the foraging
preferences of their potential pollinators (Harge=a2004). Factors influencing successful
pollination include the transfer of pollen betwdlenvers/plants and the amount of pollen

collected by the pollinator (Hargreaves 2004). liRalors are usually rewarded with pollen
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or nectar but there are also plants that have ‘iéess” flowers and these are being
pollinated by deceit (Lin & Bernardello 1999; Areetal. 2013). At the population level,
many individual plants of a species flowering a game time will be more attractive to
pollinators compared to fewer plants producing fessers (Willson & Price 1976; Echart
1991). Androgynous (bisexual) plants often prodexeess flowers which do not produce
fruit, hypotheses for the production of these egdksvers include pollen limitation,
pollinator attraction, bet hedging and selectiverdabn (Sutherland 1987). Bet hedging
allows the plant to compensate for variations sotgce availability for fruit maturation as
well as variations in pollinator visitation whilelsctive abortion allows the plant to
selectively abort fruit and mature only high quafituit (Stephenson 1981; Sutherland 1987).
Species in the family Apocynaceae are generallgidened to have a low rate of fruit

production (Woodson 1930 in Waddington 1976).

The long-term persistence of a species depends oegenerative capacity through seed or
re-sprouting from vegetative organs (Weiersbye &Raivski 1998). Studies by Stephenson
(1981) revealed that many plant species produgeitetl number of mature fruit from a
small portion of the flowers, and it is common fleese species to abort flowers and
immature fruit because of limited availability &sources for reproduction, and hence low
fruit set and low seed set. The resources thadr pleeds to produce fruit are obtained from
several sources such as vegetative organs andabes! close to the developing fruit; it is
usually the availability of these resources thatadrine the maximum number of fruit
produced (Fenner & Thompson 2006; Cousins et dI380 Resource availability varies
amongst populations from year to year. Low seédgaies wastage in the reproduction

process and seed that fail to develop comes astaathe plant (Fenner & Thompson 2006;
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Cousins et al. 2013b). Fruit abortion is usualhgsult of high temperatures, abiotic damage
to young fruit and pathogens transmitted by insé€gtsphenson 1981; Witkowski 1990). It

is however possible that the production of excksgdrs represent ovaries that can be used if
resources are plentiful but can be discarded withmum cost if resources are scarce
(Fenner & Thompson 2006). A germinated seed iklfaiguinerable to various factors such

as lack of moisture for growth, fire, herbivoresribl under litter, being washed away by

rain, and heat on bare soil, and hence up to 90%&ledsed seed will not make it past the
seedling stage (Leck 2008). Sodic or brackish dness added stress to seedlings due to high
salt content of the soil (Medinski et al. 2010}fasy are hard when dry and lack structure
(hence poor aeration) when wet. Such extreme tiondicause some species to become

specialized by forming corms, bulbs or tubers unidersoil surface to avoid drought or heat.

Species survival often depends on reproductiord despersal within the same community,
expansion into new habitats and survival througtes, which are unfavourable for growth
(Vasquez-Yanes 1993; Cousins et al. 2013b). Aradsruree canopies in savannas have
reduced soil temperature and higher nutrient lewdlsn compared to adjacent open spaces,
which improves the survival and growth of seedlifl§gss & Poschlod 2006). Temperature
is considered the most important environmentabfagbverning the maximum germination
percentage and rate of germination while germinasaisually only possible within well-
defined temperature limits (Garcia-Huidobro etl&82; Hardegree 2006; Mattana et al.
2010). This leads to a consideration of cardiealgeratures which include the maximum,
minimum and optimum temperatures. The optimum geation temperature for a species is
characterised by maximum germination in the shotie®, while no germination will occur

beyond maximum and minimum temperatures (Prob&®200nce a species’ cardinal
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temperatures are reached, some species havegefashation response to rain (Fennel &
Thompson 2006). However, the availability of wasea major factor limiting early seedling
success and establishment (Wilson & Witkowski 1998)e environment surrounding a
seedling is critical and determines the dynamigslaft populations and composition of the
plant community (Fowler 1988). In the succulemtkbt biome, nearly all the endemic
succulent species were recorded uril@tea shrubs (Moolman & Cowling 1994). Seedling
establishment under or close to the mother planitddoe indicative of localized seed
dispersal and seed trapping (seed gets trappedmehes of mother plants or surrounding
vegetation) rather than nurse effgots se on the seedlings (Haussmann et al. 2010;

Soliveres et al. 2012).

1.1.6 Ex situ conservation and the role of communities

Worldwide, botanical gardens have moved away fraonemic botany and focussed more
on plant conservation of native species, includstands of local native vegetation within
their boundaries (Crane et al. 2009; Powledge 26ilime 2014). Hardwick et al. (2011)

indicated that disciplines in botanical gardenschare valuable in the field of ecology and
restoration include plant taxonomy, DNA fingerpimgf, geographical information systems,
practical conservation skills (seed banking, caidecof propagation material), and relevant
expertise in conservation genetics, seed sciengeplogy and plant physiology. Living

collections in botanic gardens play an importaitd o harbouring the majority of threatened
species since not all species can be adequatelsenmd as seed (Piovan et al. 2011;
Sharrock & Jones 2011), while the study of a shsglecies population ecology is a well-
established activity in botanic gardens (Hardwitlale 2011). The combined collections of

botanic gardens worldwide hold up to one third lblkaown plant species, many of which
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have considerable conservation value (Donaldso®;280arrock et al. 2011). It has been
argued that living collections in botanic gardeng aften of limited scientific and
conservation value due to inadequate sampling, laickdocumentation and long-term
sustainability (Heywood 2011). However Crane e(2009) pointed out that there has been
a shift in conservation policies for botanic gamlever the last two of decades. Many
botanic gardens have historically acted as planbdiiction centres and played an important
role in the spread of germplasm of agriculturafustrial, forestry and ornamental plants
around the world (Heywood 2011). The Botanic Gasdéonservation International (BGCI)
is based in London and is the centre of botanideyds global network with more than 700
members in 118 countries and have documented ®20Q0 plants in cultivation, thousands
of which are threatened (Powledge 2011). Accordmdghe IUCN, the number of plant
species that are extinct in the wild would be 34ighér were it not for those conserved in
botanic gardens (Sharrock et al. 2011). The Gl&bategy for Plant Conservation (GSPC)
was adopted under the Convention on Biological Bty (CBD) in 2002 in response to the
alarming decrease in plant diversity (Schulman &\awvirta 2011). The GSPC strategy up
to 2020 was approved at the Conference of Partiehed CBD in Nagoya (CBD 2010).

Botanic gardens worldwide are tasked with implenmgnand mainstreaming the GSPC.

In South Africa’s National Botanical Gardens, theas been an effort to conserve threatened
indigenous plants since the establishment of Kitsdech National Botanical Garden in 1913
(Willis & Van Wyk 2006). The Lowveld National Batecal Garden (LNBG), which was
established in 1970, collected 120 rare and endadg#ants in 40 years (Botha et al. 2000).
According to W. Froneman (pers. comm. 2014), thal toumber of rare and endangered

plant species currently in LNBG is approximately0150ne of these i8. swazicum, which
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was first collected as seed from wild populatiom2003 with more than 100 of these adult

plants now growing in field gene banks in the LNBG.

A number of botanic gardens have engaged theit tmramunities in the cultivation and use
of local, underutilized or medicinal plants (Shakd@011). The cultivation of medicinal
plants to alleviate the pressure from traditioredlars and harvesters on wild populations has
been suggested in the early 1900s (Miller 1914;dadail 1921) and practised worldwide
(Selvakumar et al. 2001) as well as within Southioaf (Gentry 1961; Mander et al. 1996;
Jager & Van Staden 2000; Ndawonde et al. 2007; Kakiv& Van Staden 2007; Konz et al.
2009; De Beer 2010; Cousins & Witkowski 2015). @ath nurseries established in
communities have been popular in South Africa sihee1980’s although it was found that
of the 65 outreach/community nurseries in Southcafr54% no longer existed, 33% were
just surviving while only the remaining 13% werensmlered viable at the time of the study
in 2006 (Botha et al. 2006). The LNBG was involvedne community outreach project to
train community members (traditional healers, stttolren and other adults) namely
Project M.G.U — Useful Plants Project between 26668 2010 (see Appendix A and B).
This project was funded by a Spanish philanthropist managed by the Kew Millennium
Seed Bank Project with the aim of enhancingekeitu conservation of native useful plants
for human wellbeing by building the capacity ofdbcommunities to successfully conserve
and use these species sustainably. The projectinitéted in 2007 in five countries,
Botswana, Kenya, Mali, Mexico and South Africa @hd main components of the project
included:

» Targeting and prioritising useful plants with locammunities;

» Exsditu conservation of useful plants through seed banking;
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» Propagation and conservation of useful plantseallcommunities;
» Research to enable conservation and sustainabiaf ptants;
* Sustainable use and income generation from uskfaoty and

* Supportingn situ conservation of useful plants.

Project M.G.U. prioritized 120 medicinal plants kit the Lowveld of Mpumalanga for
propagation and community education, one of thpseies wad\. swazicum. Through this
project, traditional healers as well as schoolchitdin the Nkomazi Municipality (wherg.
swazicum occurs) received training in various propagatiechhiques. In addition to this,
twenty adultA. swazicum plants were planted at the Mvagatini Primary Schiodhe Figtree
district, which was adjacent to an existiAg swazicum population (population P). These
adult plants were propagated from wild seeds whigre collected in 2003 from the

population in the natural areas surrounding theaich

1.2 AIM AND OBJECTIVES OF THE STUDY
Adenium swazicumis currently listed as CR and it is estimated Ki&P is “safe guarding”

10-20% of the population. However, during the piag stages of this MSc, an interview
conducted with Mr N. Zimbatis from KNP scientifiersices, revealed that there has been no
official assessment or monitoring &f swazicum in the KNP and the size of the population
was therefore unknown. In addition, KNP had natsgt any Thresholds of Potential
Concern (TCP) foA. swazicum. TPC's include a set of operational goals thatdeafined as
upper and lower levels along a continuum of chdnga selected environmental variable or

species (Biggs and Rogers 2003).
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Despite the extensive cultivation Af swazicum for ornamental purposes, no research has
been done on the dormancy and germination requiresnfier Adenium (pers. comm. Kevin
Liu, Seed Information Database Coordinator — R&ghnic Gardens Kew, Seed
Conservation Department). In addition to thisshaly has been published on the

reproductive biology oA. swazcum.

The broad aim of this study was to investigatecithreservation biology and ecology Af
swazicumwith the intention that the results will be usedl&velopin situ andex situ

management recommendations for the conservatitmnso$pecies.

The specific objectives of the study were:

i. Determine the current distribution Af swazicumin South Africa and where possible
verify populations in Swaziland and southern Mozajué;

ii. Determine the population structure of selectediasgntative populations &f
Swazicum,

iii.  Analyse the reproductive characteristics of theemggseby studying its phenology, seed
production and seed viability;

iv. Determine the optimum germination cues, soil méati&. swazicum under
controlled conditions

v. Determine the effect of herbivory on populatiorusture, reproduction and seedling
establishment; and

vi. Determine current and future threatAteswazicum.
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1.3 STRUCTURE OF THE DISSERTATION
This dissertation is constituted by six chaptergyfe 1.2). A general literature overview of

a range of topics covered in the dissertation dsagdhe rationale and aims for the study are
covered in Chapter 1. Chapters 2-5 deal with vargtudy objectives while the final chapter
(chapter 6) articulates the ecological and thecmetmplications of the study’s results. Due
to this type of dissertation structure, repetiti@miween chapters, although minimised, is

unavoidable.

Chapter 2 describes the study area with special referentgetoegetation types and land use
associated with populations. Four representatbpijations are identified and described.

The historic distribution, current distribution asabsequent Extent of Occurrence and Area
of Occupancy were determined #rswazicum. Historic, current and potential threats were

assessed for all populations.

In Chapter 3, the population biology oA. swazicumwas investigated through examining the
population structure of four representative poparfes. Vertebrate and invertebrate impact
on the leaves, flowers, stems and branches wasyags for plants in the wild, while these
impacts were simulated &x situ collections to monitor recovery of damaged plaritke
impacts of invertebrates on fruit follicles anddeeere determined. The effect of fire An

swazicumwas studied.

Chapter 4 andChapter 5 investigated all aspects related to reproducti©hapter 4
investigates the floral structure, flower produgtipollination and seed set, whillnapter 5

examined the parameters for germination, seedhmgrgence and seedling establishment.
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In Chapter 6, the findings of each chapter are synthesized asattapter serves as the

general discussion and conclusion of the dissertati
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Figure 1.2: Study (dissertation) structure for investigating the population biology and ecology
of Adenium swazicum.
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2 CHAPTER 2: DISTRIBUTION, POPULATION SIZE AND
THREATS OF THE CRITICALLY ENDANGERED SUCCULENT,
ADENIUM SWAZICUM STAPF

Abstract

Historic distribution records from PRECIS prior2009 indicated thaidenium swazicum

has been recorded from 20 localities in 11 Qudytgree Grid Cells (QDGC'’s), eight of
these QDGC'’s were in Swaziland. However, no reoemiore accurate location records
existed on the occurrence Afswazicum. To determine the current distributionAf
swazicum, the PRECIS localities in South Africa were invgated during the flowering
period forA. swazicum between March 2009 and April 201A. swazicumwas confirmed
from 23 localities through fieldwork in South Afdacas well as records submitted by
botanists in Swaziland and Mozambique. This ineddhatA. swazicumwas still present in
eight of the original PRECIS localities (in four @2's) as well as seven new QDGC'’s
within South Africa, Mozambique and Swaziland. Fofithe original localities have been
transformed by agriculture (sugarcane fields) whigght localities could not be verified due
to incomplete records. The current Extent of O@noe ofA. swazicumwas calculated to be
approximately 8 392kM(839 246ha) while the Area of Occupancy is estnad be 850ha.
Although some populations were located in formatgeted areas and wildlife sanctuaries,
most populations were still threatened by habigstaiction and developments such as
residential areas (houses and lodges) and. Pamdatvhich were located on communal
land, were severely impacted by destructive haivg$br medicinal purposes with more
than 80% of the plants in one population destrdystdveen 2008 and 2010. Although the

current distribution records indicate thatswazicum might be more widespread than
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previously believed, the small population sizeswleen 1 and 141 per population) and
threats affecting most of the populations, the sggeis still considered to be highly

threatened.

Keywords: Adenium swazicum, Area of Occupancy, distribution, Extent of Occuaen
habitat destruction, legislation, medicinal plampispulation size.

2.1 INTRODUCTION
It is imperative to understand the status andibigion of rare species and relate this to the

extent of decline and possible shifts in the geplgiarange over time (Farnsworth &
Ogurcak 2006). For more than 30 years, conservasgessments have indicated tat
swazicumis in need of conservation (Hall et al. 1980; HiHbaylor 1996; Golding 2002 and
TSP 2008), yet no formal study has been conductéetermine the population size or
distribution of this species. Within South Afrida,swazicumwas listed as Critically
Endangered in 2008 (TSP) based on an estimatedpas$tture population decline of 80%,
a decline attributed to habitat destruction andatqtion for horticultural and medicinal
purposes.Adenium swazicum favours low lying areas in bushveld or savanndk sandy or
brackish soil or sparsely wooded grassy areasz{tai980; Onderstall 1984; Pooley 1998;
Schmidt et al. 2002), which are also favoured fieréstablishment of large sugarcane fields.
Rural communities are major contributors to the itigdl plant trade with the bulk of the
traded plants collected from wild populations (Cagham 1991; Mander 1998; Botha et al
2004b). Many plant species, which are collectedrfedicinal purposes, are destructively
harvested, with the plant parts most traded oWthieatersrand being roots (38.4%), bark

(25.6%), leaves and stems (13.5%) and bulbs (10¢(®8%tjams et al 2000). It is known that
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Adenium swazicumis harvested for medicinal purposes (Botha et@42), although the

levels of harvesting of wild plants has not beeargified.

The aim of this chapter is to study the currentritistion of A. swazicum and determine the
population size and current threats through theviehg objectives:
» Determine the current distribution Af swazicum through verification of historical
records and fieldwork to determine new localities;
» Determine the population size Af swazicum;
» Determine the current Extent of Occurrence and Afgaccupancy oA. swazicum,

» Determine the historic, current, and future threaté\.. swazicum populations.

2.2 STUDY REGION
2.2.1 Study area, biophysical characteristics and land wesdescription

The area investigated to determine the distributioA. swazicum, ranged from the Kruger
National Park (KNP) and Timbavati Private Natures&ege in the north, through the
Lowveld of Mpumalanga and Swaziland to Mkuze, KwiaiZNatal in the south. The area
was located between 24°19'15.21” - 27°38'02.76"teaand 31°24'41.65 - 32°04'29.97”
east. Four representative populations were seléotadonitoring based on land use
(protected areas and private land) and size gbdpelation (minimum of 50 plants were
needed per population). The four representatiyifadions were located in the Lowveld of
Mpumalanga between 25°19'51.86" - 25°56'45.37” soand 31°44'30.36 - 31°48'44.14”

east.

The distribution area &&. swazicumwas characterised by predominantly mid-summer

rainfall, receiving mean annual precipitation oD4tim to 2000mm (Mucina & Rutherford

27



2006). Mean monthly maximum temperatures for Kopwatrt (relatively cooler) in the south
and Phalaborwa (relatively warmer) in the nortrgeafrom 24°C to 31°C and 26°C to 33°C
respectively, while minimum temperatures range f8%@ to 18°C for Komatipoort and 9°C
to 23°C for Phalaborwa (Figure 2.1). Average ahraiafall for Komatipoort and
Phalaborwa is 449 + 30.47 mm and 351 + 25.96 mpentiwely. Climatic data was

collected between 2000 and 2009 (worldweatheromams).
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Figure 2.1: Mean (+S.E.) (a) maximum and (b) minimmm monthly temperatures (°C) for
Komatipoort, Mpumalanga in the south and Phalaborwa Limpopo in the northern portion of
the Adenium swazicum distribution in South Africa, excluding Mkuze in Kw aZulu-Natal.

28



2.2.2 Vegetation types associated with distribution oAdenium swazicum

Adenium swazicum occurs within the Savanna Biome (Rutherford & Wads®994).

The Savanna Biome is the largest biome in south&roa, occupying over one-third of the
surface area of South Africa (Mucina & Rutherfof@08) and is characterised by a grassy
ground layer and a distinct upper layer of woodnpd. Where this upper layer is near the
ground the vegetation may be referred to as Shidpaad where the tree layer is dense, it is
known as woodland, while the intermediate stagedaaally known as Bushveld (Mucina &
Rutherford 2006). The Savanna Biome compriseswebeu of vegetation types. The most
recent, national vegetation classification by Macé Rutherford (2006), describes six broad
vegetation types within the study area, namelyD@agoa Lowveld, (b) Gabbro Grassy
Bushveld, (c) Granite Lowveld, (d) Malelane Mount&ushveld, (e) Tshokwane-Hlane

Basalt Lowveld, and (f) Zululand Thornveld (Fig@&).

The Delagoa Lowveld vegetation type is mostly coedi to Mpumalanga and Swaziland,
although it narrowly extends into KwaZulu-Nataldiudes the Mkuze location) and consists
of a dense tree or tall shrub layer dominateddacia welwitschii. The soils are rich in
sodium and are very susceptible to erosion and@menated by species suchAascia

senegal var.rostrata, A. welwitschii, Albizia petersiana, Schotia capitata, Spirostachys

africana, Pappea capensis andEuclea divinorum. Herbaceous species includbutilon
austro-africanum, Justicia flava, Blepharis integrifolia andKyphocar pa angustifolia while

the graminoid layer includes species sucklalsris virgata, Panicum coloratum, Panicum

maxi mum, Sporobolus nitens and Tragus berteronianus. Mucina & Rutherford (2006)

classify Delagoa Lowveld as Vulnerable with 18%semved in KNP and more than 33%

transformed by cultivation.
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Figure 2.2: Vegetation types in whichAdenium swazicum occurs.
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The Gabbro Grassy Bushveld only occurs in Mpumalaarygl consists of flats and hills in
open savanna where it consists of dense grass withescattered trees and shrubs. Soils are
mostly dark vertic clay soils and dominated by graoid species such &hlorisvirgata,

Setaria incrassata, Themeda triandra, Cymbopogon pospischilii, Digitaria eriantha,

Eragrostis superba, Panicum maximum andSorghum versicolor. Scattered trees include
species such acacia nigrescens, Sclerocarya birrea, Acacia tortilis, Ziziphus mucronata,
Ormocarpum trichocarpum andGrewia bicolor. Gabbro Grassy Bushveld is classified as

Least Threatened (Mucina & Rutherford, 2006) withrenthan 95% conserved in KNP.

Granite Lowveld occurs in the Limpopo and Mpumakaigovinces as well as Swaziland
where it consists of tall shrubland with a few sré@ moderately dense low woodland and
deep sandy uplands. Important trees inclycheia nigrescens, Sclerocarya birrea subsp.
caffra, Acacia caffra, Combretum apiculatum, C. imberbe, C. zeyheri and Gymnosporia
glaucophylla. Graminoid species includgrachiaria nigropedata, Digitaria eriantha,

Melinis repens, Aristida congesta, Enneapogon cenchroides, Heteropogon contortus,
Leptochloa eleusine andUrochloa mosambicensis. Although 17% of the Granite Lowveld
vegetation type is conserved in KNP, it is stilsdified as Vulnerable (Mucina & Rutherford

2006).

Malelane Mountain Bushveld is restricted to Mpumgkand consists of open savanna on
mountains and higher-lying slopes with open to deskort mountain Bushveld and low-
lying areas. The soils are shallow, coarse andysand dominated by trees such as
Pterocarpus angolensis, Acacia caffra, A. davyi, Combretum molle, Dombeya rotundifolia

andHeteropyxis natalensis. Graminoid species includothriochloa radicans, Enneapogon
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scoparius, Eragrostisrigidior, Heteropogon contortus, Themeda triandra andUrochloa
mosambicensis. Mucina & Rutherford (2006) classify Malelane Main Bushveld as Least

Threatened with 39% conserved in KNP and approxinat% transformed.

The Tshokwane-Hlane Basalt Lowveld vegetation igdecated in the Mpumalanga
province as well as Swaziland and consists ofpll@ins with open tree savanna. The soils
are usually black, brown or red clay with treeshsasAcacia nigrescens, Sclerocarya birrea,
Philenoptera violacea, Acacia borleae, Acacia gerrardii, Albizia harveyi, Combretum
hereroense, Combretum imberbe, Gymnosporia maranguensis andSearsia gueinzii. The
graminoid layer consists of species sucBathriochloa radicans, Digitaria eriantha,
Panicum coloratum, Panicum maximum, Themeda triandra, Aristida congesta, Heteropogon
contortus andEragrostis superba. According to Mucina & Rutherford (2006), Tshokwane-
Hlane Basalt Lowveld is classified as Least Thmeadlewith 64% conserved in the Kruger

National Park (KNP) and approximately 17% transfednby cultivation.

Zululand Thornveld occurs in Swaziland as well M@lamga and KwaZulu-Natal provinces

in South Africa. It is a slightly undulating landgxe that supports various Bushveld regions
ranging from densBichrostachys cinerea andAcacia thickets to opercacia tortilis

savanna. The soils are black clay soils as vgelluplex soils and dominated by species such
asAcacia burkei, A. nigrescens, Sclerocarya birrea, Schotia brachypetala and Spirostachys
africana. Succulent trees such Ake marlothii, Euphorbia grandidens andE. ingens are
common while the graminoid component includes sgesuch aknteropogon

monostachyus, Eragrostis capensis, E. curvula, E. racemosa, Heteropogon contortus,

Panicum maximum, Themeda triandra, Aristida bipartita andDigitaria natalensis. Zululand
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Thornveld is classified as Vulnerable by Mucina &tRerford (2006) with 18% conserved in
the Hluhluwe-iMfolozi Park and Phongolapoort natteserve and more than 26%

transformed, mostly by cultivation.

2.2.3 Land use

Land use in the study area included formal proteateas, communal areas, sugarcane farms
and a holiday township/wildlife sanctuary whiclcliassified as natural, degraded and under
cultivation according to the latest South Africaanid Use Map (Figure 2.3). It is important
to note that due to the sensitive nature of thiibigion data, localities oA. swazicum
populations are an approximation. In addition, bgta indicated on the map might include
more than one population within the area. Fomilngose of this study, protected areas
included state or privately owned game reservdsy@aeserves or hunting concessions.
These protected areas varied considerably in sixeell as faunal species assemblages, but
were all fenced. Communal areas included unfensed areas, used for subsistence
farming and stock grazing (cattle and goats), whiehin the possession of a community
rather than an individual. The majority of houdelsan communal areas are dependent on
resources from the local woodlands (Botha et @220 Dovie et al. 2002; Dovie et al. 2006)
and due to the high number of livestock (cattle godts) in this area, as well as frequent
fires, the vegetation was considered to be mourtly and/or intensively disturbed than
the protected area. Sugarcane farms includge lezmmercial and private sugarcane farms
with restricted access. This area could be terases sugarcane plantation land matrix with
patches of natural vegetation. The holiday towp/stildlife sanctuary included a fenced

area of approximately 3000ha with numerous indigldunfenced houses.
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Figure 2.3: Land use in relation to the approximag location of Adenium swazicum populations.
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The grass layer within the wildlife sanctuary wasesely impacted by large numbers of
herbivore species such Bgquus quagga (Burchell’s Zebra) Aepyceros melampus (Common
Impala) andConnochaetes taurinus (Common Wildebeest) which has resulted in an
increased occurrence of alien plant species suZmasa peruviana, Bidens pilosa and

Opuntia ficus-indica (personal observations).

Population size and structure, regeneration (p&dring, fruiting, seed production,
germination) and herbivory were determined and e between four populations (but
only population size is included in this chaptefwo populations (A and B) were located in
a formal protected area, one population (C) onvafe sugarcane farm in the Komatipoort
area, and one population (D) on a wildlife sancgtweithin the Nkomazi municipal area.

These four representative populations are deschbkxv:

Population A

Population A was located in a formal protected avithin Quarter Degree Grid Cell
(QDGC) 2531BC. This population was located ondicssite, characterized by large bare
soil patches and low grass species cover (Figdia) 2 Dominant woody species included
Euclea divinorum, Diospyros mespiliformis, Combretum hereroense, Acacia nigrescens, and
Schotia capitata. Only one alien plant speciednnia peruviana, was recorded during the

survey period between 2009 and 2011

Population B

Population B was located in the same protectedasgmpulation A, also within QDGC
2531BC. This population occurred on a sodic siteviith a denser graminoid basal cover

observed for population A (Figure 2.4b). The woadynponent was dominated Byclea
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divinorumandGrewia flava. The herbaceous layer consisted of species sugbpherbia
knuthii, Aloe sp.,Barleria elegans, Justicia flava, Momordica balsamina andPlectranthus
tetensis while the grass layer consistedifitaria eriantha, Heteropogon contortus,
Panicum maximum, and Themeda triandra. Only one alien plant speciednnia peruviana

was observed at the time of the surveys.

Population C

Population C was located on a private sugarcame ¢vse to Komatipoort, Mpumalanga
within QDGC 2531DB. The habitat associated witpydation C had a well developed
woody component which was dominated by varidcacia species as well d&uclea

divinorum and Spirostachys africana while Aloe marlothii was frequently recorded (Figure
2.4c). No cattle were observed within this arearduthe survey period and thus the grass
layer was well developed in summer although it dasinated by only a few species such as

Digitaria eriantha, Eragrostis superba, Panicum maximum and Themeda triandra.

Population D

Population D was located in a 3000ha holiday towsdshidlife sanctuary under the
management of the Nkomazi Municipality in QDGC 2BB1 Unlike for the other three
populations, the vegetation layer of this populatias dominated bl oe chabaudii while
the grass layer was completely absent during theegwears (Figure 2.4d). This could
possibly be attributed to the grazing by high nundiggame species such Agpyceros
melampus (Common Impalg)Equus quagga (Zebra),Phacochoerus africanus (Warthog) and
Connochaetes taurinus (Blue Wildebeest) which were present in the atdeacal residents in
the wildlife sanctuary supplied supplemental fegdimthese species to prevent starvation

(pers. obs.). The woody component consisted afiepsuch akuclea divinorum,
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Rhigozum zambesiacum and Spirostachys africana. Furthermore, dense infestations of

weedy alien species suchBislens pilosa andZinnia peruviana were also observed during

the summer periods.

Land use and habitat characteristics of the fopufations studied between 2009 and 2011

are summarized in Table 2.1.

- - 5 S

Figure 2.4: Habitat features ofAdenium swazicum populations in January 2010 included (a)
dense stands oEuclea divinorum with sparse graminoid layer in population A, (b &c) well

developed graminoid layers in population B and C,iad (d) a dense herbaceous layer in
population D.
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Table 2.1: Population characteristics of the four rare intensively studied populations of
Adenium swazicum in Mpumalanga Province, South Africa.

Population Population A Population B Population C  Population D

characteristic

Province Mpumalanga Mpumalanga Mpumalanga  Mpumalanga

Vegetation Malelane Granite Tshokwane-  Granite Lowveld

type (Mucina  Mountain Lowveld Hlane Basalt

& Rutherford  Bushveld Bushveld

2006)

Altitude 278 276 183 195

(meters above

sea level)

Land use Protected area  Protected area Private Holiday township/
(Natural) (Natural) sugarcane wildlife sanctuary

farm (Degraded).
(Cultivated)

Associated Combretum Acaciaborleae Aloe marlothii  Aloe chabaudii

vegetation hereroense Combretum Elaeodendron  Euclea divinorum
Diospyros hereroense transvaalense  Euphorbia schinzi
mespiliformis Euclea Euclea Pappea capensis
Euclea divinorum divinorum Rhigozum
divinorum Grewia Gymnosporia  zambesiacum
Grewia bicolour  bicolor senegalensis  Spirostachys africana
Grewia flava Schotia Pappea
Schotia capitata  brachypetala  capensis

Xanthocercis
zambesiaca

Alien Zinnia peruviana  Zinnia None seen Bidens pilosa and

vegetation peruviana Zinnia peruviana

Distribution Clumped Clumped Clumped Clumped

of plants

within

population

Surface area 0.95 2.10 0.37 1.57

of population

(ha)

Total number 121 137 141 70

of A.
swazicum
individuals in
2010
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2.3 MATERIALS AND METHODS
2.3.1 Distribution

Distribution records were obtained from the Natiddarbarium Pretoria Computerised
Information System (PRECIS) which is a databasteay®n southern African plants from
south of the Limpopo and Kunene Rivers (Namibi&lso included in this database is the
tropical Africa collection, records from Comptonrdarium (NBG) and South African
Museum (SAM). Over 900 000-specimen records amedton PRECIS (posa.sanbi.org).
Records obtained from the National Herbarium at Kawyal National Botanical Gardens,

are also reflected in the PRECIS database.

All the PRECIS localities were investigated betwdéarch 2009 and April 2011 to verify
whether the locality has been transformed and terghene if A. swazicum was still present
within the area. Sincé\. swazicum is deciduous, surveys were conducted during the
flowering period (October to April) between 20090d2011. Where possible, areas found to
support suitable habitat but with no specimensgevgearched later in the flowering season or

in subsequent years.

Statistical analyses were conducted using Analy$eriMicrosoft Excel (version 2.30) as
well as XLStat (version 2014.6.04). Student td@sas used to compare the number of plants
growing in formal protected areas (national parovpcial reserve and private reserve) and

areas which were not formally protected (sugaréamas, communal land, municipal land).
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The Animal Demographic Unit (ADU) through its ciiz science projects such as the South
African Birds Atlas Project 1 (SABAP1) has provée tvalue of data contribution records
collected by ‘citizen scientists’. Various projgasters in which citizens were requested to
submit any localities where they obsernfedwazicumwere designed and placed at the

Skukuza nursery and Malelane entrance gate of thgdf National Park from 2009 to 2011.

2.3.2 Extent of Occurrence, Area of Occupancy and popul&bn size

The IUCN defines Extent of Occurrence (EOOQO) ase ‘dhea contained within the shortest
continuous imaginary boundary, which are drawnniwoenpass all the known, inferred or
projected sites of present occurrence, but exatades of vagrancy” (IUCN 2014). The
Extent of Occurrence (EOO) fér. swazicum encompassed all the localities confirmed during
this study and expressed the affected area asraAectares. The historical EOO could not
be determined since records obtained from PRECISIyn@ferred to the QDGC, which is
too broad to effectively determine the EOO. Anea of Occupancy (AOOQ) is the area
within the EOO that is occupied by a taxon and ees$ cases of vagrancy. The AOO is
much smaller than the EOO because a taxon wilusoally occur throughout the EOO but
only occupies suitable habitats within the EOO.e AOO of each population was
determined using a Garmin Quest 2 Global Positp&pstem (GPS) by walking in a circle
around the population and recording all the indiaid on the boundary of the population.
GPS readings of these plants on the edges wereciauhto determine the AOO. For
populations that were not personally verified talied on records and photos provided by
rangers and botanists, the AOO was determined ing aerial imagery such as Google Earth

to determine suitable habitat.
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Population size refers to the number of plantsnad during the survey. To determine the
number of plants per population, total counts vaereducted during the growing season
(October to April) between 2009 and 2011 when glavere easier to see due to the presence
of leaves and/or flowers. Line transects were ootetl by two or more people walking six
meters apart counting all the plants within a threster radius. Transects were repeated until
no additional plants were observed and once thighbeuring habitat was considered
unsuitable forA. swazicum. In addition, a GPS location and number of plaat®rded in the
summer months of 2010 and 2011 by field rangetBarKruger National Park using a

Cybertracker GPS device were also included indtudy.

2.3.3 Threats to populations
Based on the detailed species report for the Témedt Species Programme (TSP 2088),

swazicumis listed as Critically Endangered due to harvestor medicinal purposes and
cultural, scientific or leisure activities. Moreain 50% of suitable habitat for this species has
been degraded or transformed due to agricultutaliges such as sugarcane growing.
Threats and impacts were recorded throughout thvegyeriod from 2009 to 2011 to
determine the extent of these impactsfoawazicum. Where possible, plants removed or

harvested during the survey period were recorded.

2.4 RESULTS
2.4.1 Distribution

The PRECIS data fok. swazicum, obtained from the National Herbarium included 21
records from 20 localities in 11 Quarter Degreed@rells (QDGC), within South Africa and

Swaziland, with no distribution records for Mozampe (Table 2.2). Eight of these localities
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in four QDGCs were confirmed during fieldwork cowrtid between March 2009 and April
2011. Four localities could not be confirmed duedgue descriptions such as “Barberton
District” or “10 miles north of border gate”, thi@iled to indicate which border gate. Based
on aerial imagery such as Google Earth, a further localities were found to have been
destroyed by cultivation (sugarcane fields). Desthie presence of suitable habitat in QDGC
2531BC, searches conducted in October 2009 andlase2010 failed to locate ary
swazicum plants. Data collected recordédswazicum from seven new localities, five of
which were in South Africa, one in Swaziland an@ anMozambique. Information on
localities not within South Africa were collected anad hoc basis, however three localities
in Swaziland could not be verified although aenahgery indicates that suitable habitat is
still present. Table 2.2 summarizes data obtainmd PRECIS while Table 2.3 summarizes
new localities confirmed between 2009 and 201 1udincdfieldwork and records submitted by
botanists and rangers. Specific names and geagrimghations of populations are not given

to protect the remaining populationsAfswaz cum.
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Table 2.2: PRECIS data forAdenium swazicum, including the PRECIS number, record date,
QDGC and country in which it was confirmed, as welbs whether these records were confirmed
during fieldwork conducted between 2009 and 2011.

PRECIS No. Record QDGC Country Locality No confirmation:
date confirmed in Reasons
present
study
PRE342106 1947 2531BC  South Yes None
Africa
PRE342107 1953 2531BC  South Yes None
Africa
PRE342108 1929 2531BD  South Yes None
Africa
PRE342109 1962 2431AD  South Yes None
Africa
PRE342110 1926 2531BC  South No Suitable habitat exists
Africa and it is therefore likely

that Adenium swazcum
is still present within

the area
PRE342111 No date 2531CB  South No Area transformed by
Africa sugarcane
PRE342112 1962 2431AD  South Yes None
Africa
PRE342113 1962 2531DB  South Yes None
Africa
PRE342114 1929 2531BC  South No Suitable habitat exists
Africa and it is therefore
highly likely that it is
still present within the
area. Same locality as
PRE342110
PRE342115 1934 2531CB  South Yes None
Africa
PRE342116 1911 2531DA  South No Area transformed by
Africa sugarcane
PRE342117 1973 2531BC  South Yes None
Africa
PRE342118 1930 Unknown Unknown No Locality information

very vague and could
therefore not be verified
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PRE342119 1948 2631BD  Swaziland No No fieldwork conducted
in Swaziland
PRE342120 1972 2631BB  Swaziland No Locality within a game
reserve and therefore
still likely to be present
PRE353449 1970 2531DC  Swaziland No Based on aerial imagery
the area is transformed
and it is therefore
considered unlikely that
the plants will still be
present at the locality
PRE532962 1970 2531DC  Swaziland No Based on aerial imagery
the area is transformed
and it is therefore
considered unlikely that
the plants will still be
present at the locality
PRE717543 1957 2631BD  Swaziland No The coordinates for the
locality does not
correspond with the
locality description.
The elevation is much
higher than other
localities and it is
therefore assumed that
the locality information
is not correct
PRE718776 1962 2631AD  Swaziland No The coordinates for the
locality does not
correspond with the
locality description.
The elevation is much
higher than other
localities and it is
therefore assumed that
the locality information
is not correct
PRE719672 1961 2631DA  Swaziland No Large rural areas are
still present in Stegi
district and it is
therefore likely that the
localities still exist
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PRE719209

1957

2631BD

Swaziland

No

The coordinates for the
locality does not
correspond with the
locality description.

The elevation is much
higher than other
localities and it is
therefore assumed that
the locality information
is not correct

Table 2.3: Additional Quarter Degree Grid Cells (QDGC) in which Adenium swazicum was
confirmed during fieldwork conducted between 2009 iad 2010 in South Africa.

Date Quarter Degree Grid  Country Province/District
confirmed Cell

2009 2631DD Swaziland Lubombo
2009 2531DB South Africa Mpumalanga
2010 2531BA South Africa Mpumalanga
2010 2531BB South Africa Mpumalanga
2010 2431DD South Africa Limpopo

2010 2431BC South Africa Mpumalanga
2010 2432AB Mozambique Gaza Province

Fieldwork conducted between March 2009 and Apri2@s well as records obtained from

amateur botanists, rangers in protected areashangknheral public (verified through

photographs or fieldwork by the author) confirmkd bccurrence k. swazicumin 23

different localities (hereafter referred to as dapans) in 16 QDGCs (Table 2.4). The

populations were recorded in South Africa, Swaziland Mozambique, between

24°19'15.21" - 27°38'02.76” south and 31°24'41.652°04'29.97” east. Within South

Africa, this species was recorded in Mpumalangalamgbopo provinces, and although it is

suspected to occur in KwaZulu-Natal, no plants veer&irmed during field surveys

conducted in November 2010. Population sizes welgdetermined for South African
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localities, and of these only seven populationsrhade than 100 individuals between 2009
and 2011 (Figure 2.5). There was no differencevéen the number of plants/population in

protected areas compared to non-protected areas-(0.50; p = 0.6268; n = 17).

w
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Figure 2.5: Population sizes oAdenium swazicum in South Africa, determined between 2009
and 2011 (n=17).
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Table 2.4: Summary of the number of populations, gproximate number of plants in each
population, region and country in which the populatons were confirmed through fieldwork.
Population sizes were not determined for localitiesn Swaziland and Mozambique as there was
no fieldwork in these countries.

Population  Region Country Number of plants
name counted in population

A Southern Mpumalanga South Africa 121

B Southern Mpumalanga South Africa 137

C Southern Mpumalanga South Africa 141

D Southern Mpumalanga South Africa 70

E Southern Mpumalanga South Africa 21

F Southern Mpumalanga South Africa 110

G Southern Mpumalanga South Africa 140

H Southern Mpumalanga South Africa 25

I Southern Mpumalanga South Africa 120

J Southern Mpumalanga South Africa 40

K Southern Mpumalanga South Africa 20

L Central Mpumalanga South Africa 2

M Limpopo South Africa 55

N Limpopo South Africa 1

@) Central Mpumalanga South Africa 20

P Southern Mpumalanga South Africa 12

Q Southern Mpumalanga South Africa 122

Total number 1167
of plants in
South Africa

R Swaziland Swaziland Unknown**
S Swaziland Swaziland Unknown**
T Swaziland Swaziland Unknown**
U Swaziland Swaziland Unknown**
Y Swaziland Swaziland Unknown**
w Gaza province Mozambique Unknown***

* Uncertain if plants were planted or occur nallyra
** Data obtained from Linda Lofter (2010), amatdatanist in Swaziland
*** | ocality confirmed by John and Sandie Burrov&0(0), botanists, South Africa

2.4.2 Extent of Occurrence (EOO), Area of Occupancy (AOOgand population sizes

Based on the distribution @ swazicum as determined during this project, the current EOO
is 8 392 kmz or 839 246 ha (Figure 2.6) while tl@@\is estimated to be 850ha. This

information is considered an up to date assessaf¢hé distribution EOO and AOO éf
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swazicumin South Africa, but it is likely that additionabpulations could be present in
Swaziland and Mozambique.
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Figure 2.6: The current Extent of Occurrence (EOO)of Adenium swazicum in South Africa,
Swaziland and Mozambique.
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2.4.3 Threats to populations ofAdenium swazicum

Anthropogenic threats such as habitat destructiahitat degradation and illegal harvesting
affected variou#\. swazicum populations during the survey period between 20@D2011.
Some of the historic impacts such as habitat destruwere still occurring at the time of the
study and is predicted to continue into the nearé&u The historic, current and future

impacts affectingh. swazicumare listed in Table 2.5.

Habitat destruction and habitat degradation

Historically up to 50% of the suitable habitat Agenium, swazicumwas destroyed by
habitat destruction, mostly for sugarcane cultvaijRaimondo et aR009). Most of the
current populations, including those located ingected areas, were still threatened by
habitat destruction in 2010. The main drivershid habitat destruction were sugarcane
farms and infrastructure development such as housads and lodges. Historic
infrastructure development included roads, lodgekleuses within protected areas while
recent developments included additional lodgessésand roads. Numerous plants were
destroyed by housing developments in populatiowtille a 200-bed hotel complex and
associated road infrastructure have been propobeadhwill affect population C. However,
the environmental impact studies and subsequehbagation for this 200-bed hotel had not

yet been completed by the time this study was cetag!

Habitat degradation includes a decline in habitetity with the main drivers recorded
during this study being trampling by cattle, espkgiin population O which was located on
communal land where cattle are grazed year-rolimtroachment by alien plants is

considered a severe threat for numerous plantepeai a national scale (Von Staden 2009);
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however, only population D was threatened by extenavasions of pioneer alien plant
species such &nnia peruviana andBidens pilosa, which during summer formed dense

stands often coveringy. swazicum plantscompletely.

Harvesting: Medicinal/cultural

The biggest threat recorded during the survey gdseiween 2009 and 2011, was the
destruction ofA. swazicum by medicinal plant harvesters or gatherers.

Population P decreased by 82% (from 115 plant®}d&tween 2008, when plants were
monitored as part of the Lowveld National BotaniGalrden’s Threatened Plant Project, and
2010 (pers. obs.). Interviews conducted at thelificenal Markets in Nelspruit in 2009
revealed that the tubers Af swazicumwere sold as an extract to cleanse the blood and
stomach (Figure 2.7). Medicinal harvesters alsget®d population D with at least ten adult
plants (14%) removed in July 2010. Steel bucketsrape left in the holes whefe

swazicum plantswere removed from indicated that a ritual was pentad during the removal
(L. Nkuna, pers. comm.). In all instances, haingstethods were destructive and killed the
plant, with the tuber removed while the above gbstems, branches and leaves were
discarded. Harvesting for traditional medicine westricted to populations located outside

protected areas.
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Figure 2.7: Holes in the ground left behind followng the harvesting ofAdenium swazcum plants
by medicinal plant gatherers in: (a) population P i April 2010, and (b) the muthi market in
Nelspruit where Adenium swazicum is sold as an extract in 2 litre plastic bottles.

Harvesting: Horticultural

All Adenium speciesare popular ornamental plants in South Africa (pebs.). Despite this,
the threat from the horticultural industry to trergistence oA. swazicumin the wild was
perceived to be minimal, although it is not knovawimanyA. swazicum plants have been
removed from the wild historically. During the gay period, only one incidence was
recorded where a branch was removed from a paatiguarge specimen with a sharp object
such as a knife or secateurs, and it is presunadhis branch was used for grafting
purposes. Although the threat from the horticalkumdustry was perceived to be low during
this study, it should be noted that interesdd@@niumis increasing in numerous countries and

could therefore become a potential threat in treer hdure.

Propagatingddenium cultivars from seed and/or seedlings is not a ppalactice since
plants that have been grown from seed will takeymaanths to flower, and the flowers on
juvenile plants are smaller and of a lower quatitynpared to grafted plants. At the LNBG,
A. swazicumwas propagated exclusively from seeds that have talécted from wild

populations as part of the threatened plants pnogr@a at the LNBG. It was found that seeds
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will germinate readily and did not require spetiahtment and seedlings had a high survival

rate inex situ collections.
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Table 2.5: Historic, current and future threats to Adenium swazicum populations as observed and inferred during fieldwtk conducted between
January 2009 and January 2011 in South Africa.

Population Locality Land use Threats
Historic Current Future
A Southern Protected Area (Natural) Itis likely that somenta One incidence of None
Mpumalanga were destroyed during the harvesting for
construction of the roads and horticultural purposes
other infrastructure was recorded
B Southern Protected Area (Natural) It is likely that somenita None None
Mpumalanga were destroyed during the
construction of the roads and
lodges
C Southern Sugarcane Farm Large areas were cleared of The farmer is aware of It is likely that medicinal plant
Mpumalanga (Cultivated) natural vegetation for sugarcan¢he plants and will gatherers will target this
farms preserve the remaining population once populations on
natural areas communal land have been
depleted.
D Southern Urban/Residential The construction of roads and Plants are harvested forCurrent impacts are likely to
Mpumalanga (Degraded) houses impacted on plants medicinal purposes continue in the future.
within the area (14% decline).
Continuous
development of houses
and roads also impacts
on the remaining
plants. Habitat
degradation
(overgrazing)
E Southern Protected Area (Natural) It is likely that somenita None Proposed development of a hotel
Mpumalanga were destroyed during the and associated road
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construction of the roads

infrastructure.

Southern Protected Area (Natural) Itis likely that somenta None None
Mpumalanga were destroyed during the
construction of the road
Southern Protected Area (Natural) It is possible that sotaats None Off-road driving is permitted in
Mpumalanga might have been destroyed private concessions and could
during the construction of the impact on areas containing
lodge Adenium swazicum
Southern Protected Area (Natural) It is possible that sotaats None Off-road driving is permitted in
Mpumalanga might have been destroyed private concessions and could
during the construction of the impact on areas containing
lodge Adenium swazicum
Southern Protected Area (Natural) Itis likely that somenta None Off-road driving is permitted in
Mpumalanga were destroyed during the private concessions and could
construction of the roads impact on areas containing
Adenium swazicum
Southern Protected Area (Natural)  Itis likely that somerpta None None
Mpumalanga were destroyed during the
construction of the roads
Southern Protected Area (Natural) A road has been constlucte Areas next to the None. The lodge was made
Mpumalanga through the middle of the entrance road were aware of the plants within the
population and it is therefore  mechanically slashed concession and areas containing
highly likely that plants were  during the survey these plants were not cut
destroyed period and plants were
cut down to ground
level but resprouted
from underground
tubers
Central Protected Area (Natural) Itis likely that somerpta None None
Mpumalanga were destroyed during the
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construction of the roads

Limpopo Protected Area (Natural) None None None
Limpopo Protected Area (Natural)  Only one plaaswecorded  None None
and it is uncertain if this is a
natural population.
Central Protected Area (Natural)  None None None
Mpumalanga
Southern Degraded (Communal  Large areas which were suitabl&xtensive harvesting byImpacts are likely to continue in

Mpumalanga

land)

habitat forAdeniumswazicum  medicinal gatherers the future

were destroyed for sugarcane (82% population

farms decline over survey
period). Cattle and
goats trample the
plants, delirious fire
regimes within the area
are likely to impact on
the reproduction.
Southern Protected Area (Natural)  None None None
Mpumalanga
Swaziland Unknown Large areas surrounding this Habitat destruction for Habitat destruction for sugarcane
population have been sugarcane farms farms
transformed for sugarcane
fields
Swaziland Unknown Large areas surrounding this Habitat destruction for Habitat destruction for sugarcane
population have been sugarcane farms farms
transformed for sugarcane
fields
Swaziland Unknown Large areas surrounding this Habitat destruction for Habitat destruction for sugarcane

population have been sugarcane farms farms

transformed for sugarcane
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fields

U Swaziland Unknown None None None

\% Swaziland Large areas surrounding this Habitat destruction for Habitat destruction for sugarcane
population have been sugarcane farms farms
transformed for sugarcane
fields

W Mozambique Unknown Unknown Unknown Unknown
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2.5 DISCUSSION
The total population size @ swazicumin South Africa, based on actual plants directly

counted in the field in 2009 and 2010 was 1167viddials spread over 17 populations in the
Mpumalanga and Limpopo Provinces. The main thraatently affecting all populations
are habitat destruction and harvesting for medig@uogposes.A. swazicum populations were
found to be small (between 1 and 141 individualsfy many of these populations still

declining.

Many rare and endangered species occur in smedll ppulations in a fragmented
landscape (Franzen & Nilsson 2009), and this wes thie case fok. swazicumwith

individual population sizes ranging from a singlanp to 141.A. swazicumis restricted to

the Savanna Biome where it occurs in six vegetdtipas namely Tshokwane-Hlane Basalt
Lowveld, Delagoa Lowveld, Gabbro Grassy Bushveld]élane Mountain Bushveld,
Granite Lowveld and Zululand Thornveld. The lasgsiassociated with swazicum
included state and privately owned game resereemél protected areas), nature reserves

and hunting concessions, communal land, privatarsage farms and municipal townships.

Historic distribution ofA. swazicum prior to 2009 indicated that the species was cimbr
from 20 localities in 11 Quarter Degree Grid CEQDGC) in South Africa and Swaziland.
One locality still contained suitable habitat batplants were found during the survey
period. Seven new localities fAr swazicumwere confirmed during the present study, of
which five were located in South Africa, one in SWend and one in Mozambique.
Fieldwork was restricted to South Africa and ithsrefore likely that there are other

undiscovered populations in Swaziland and Mozansidgdased on this updated locality
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information, the Extent of Occurrence (EOO) forswazicum was estimated as 8 392km

while the Area of occupancy was estimated as 850ha.

Small populations have a greater risk of extincfram various causes (Shaffer 1981)
however, small and restricted populations do netgs go extinct (Da Silva et al. 2012).
When a population decreases, the reduction in nuofbedividuals threatens the genetic
diversity of the population, making the populatiarinerable to events that might lead to its
extinction (Van Dyke 2003). It is therefore impont to determine the minimum viable
population (MVP) which is the minimum number of ividuals needed for that population to
persist during demographic stochasticity, environtalestochasticity, genetic stochasticity
and natural catastrophes (Van Dyke 2003). Althdagle areas within the distribution range
of A. swazicum have been destroyed by agriculture and infrastracdavelopment.
swazicumwould have only occupied suitable patches withaséhareas. This type of
distribution is linked to metapopulation theory,iglhstates that “groups of small populations
which are connected by occasional movements ovithaials between them” (Husband &
Barrett 1996). It is therefore likely that the pdgtion size ofA. swazicumis limited by the
availability of suitable microhabitat, especialty 5eedling establishment. Although this
project did not study the genetic makeup of eaghufaion, by combining the historic and
current distribution data, it is reasonable to assthatA. swazicum fits well within the
metapopulation theory. However, due to the laggesdestruction of habitat within the
distribution ofA. swazicum, the populations outside of Kruger National Park atiger
conservation areas, are greatly affected by haig#gimentation and isolation, with little to

no connection between these populations. With gathation and small population sizes,

coupled with high levels of exploitation and contal habitat destruction, it is likely that
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swazicumwill become locally extinct from localities on pate and communal land. In
contrast, populations within KNP are stable witstainces between populations

(approximately 2-10km) short enough that genetharge is likely.

There is a trend in South Africa towards increas@amercialization of medicinal plants,
which has already resulted in overharvesting, aeth @ear-extinction of some valued
indigenous species (Williams et al. 2000). Actesakls of exploitation oA. swazicumin the
Lowveld of Mpumalanga might be higher than initfatbnsidered, with at least one
population decreasing by 82% in less than threesyea addition to this, medicinal
harvesters also affected population D, which wessagly under threat from housing
development and habitat destruction. Echujinehtgbly toxic glycoside has been isolated
from the tubers, roots, stems and seed. afvazicum (Newsinger 1996) but only the tuber is
used for medicinal purposes (pers. obs.). AccgrtbhrBotha et al. (2004a), vendors
interviewed in Mpumalanga indicated that the denfandpecies such as multiflorumor

A. swazicum (ununakhulu) was higher when the plants were fresbunningham (1992)
indicated that species, which have high growthsrated/or resprouting/coppice responses are
more easily able to withstand the impact of inteasiarvesting. Sinc&. swazicumis able to
resprout from its underground tuber (see Chapteh) species could potentially be

harvested sustainably by utilizing the stems ratin@n the underground tuber.
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3 CHAPTER 3: POPULATION BIOLOGY OF THE CRITICALLY
ENDANGERED SUCCULENT, ADENIUM SWAZICUM STAPF
Abstract
No published information is available on the poginlasize and structure or the impacts
from herbivores o\denium swazicum. Fifty plants in four representative populations ever
studied to determine plant size, herbivory, nundfdlowers, number of follicles and number
of seed produced, between March 2009 and April 20Mo of the studied populations were
located inside a formally protected area, one privaate sugarcane farm while the fourth was
located in a wildlife sanctuary with housing deyefents. The Area of Occupancy (AOO)
of these four populations ranged from 0.37ha tb&. While the total number of individuals
in the four populations ranged from 70 to 141.eSilass distributions varied between
populations, with population A having no individsah size class 5 (1501-2000cm?).
Herbivores had a significant impact on the repragacapability ofA. swazicum, with
intensive herbivory resulting in a threefold redaoictin flower production. Plants that grew
in full shade had a higher percentage of foliageaated on by invertebrates, compared to
those that grew in semi shade and full siEr situ disturbance experiments, revealed that
adultA. swazicum have a high disturbance tolerance and will respiromt the underground
tuber even if all above ground parts have beerr@gsd. In 2010 insect species such as
Dacus frontalis andLeptocoris hexophtalma destroyed all the follicles produced in
population D as well as 91% of the follicles of pgiion A. Although follicle predation was
severe for certaiA. swazicum populations during the survey period, this impadikely to

be less severe when one considers the entire pimputver a long term.

Keywords: Fire, follicles, herbivory, plant size, resprouicsulent, tuber.
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3.1 INTRODUCTION
After rainfall and soils, fire and herbivory areawf the main determinants of savanna

ecosystems with fire considered the major rolegriay distinguishing between vegetation
types such as grassland, woodland and forests (8@a&i3; Masunga et al. 2013).

Herbivory is however complex to study since it nb@ydifferent between habitats,
populations and vary along environmental gradi@viisron & Crone 2006). Due to these
challenges, insect herbivory research usually tdyses on the interaction between insects
and adult plants, and seldom considers the impagiveniles (Crawley 1983, Ehrlen 1995;
Stanforth et al. 1997). Among insect feeding gaidded predation is generally considered to
have strong effects on plant populations (Craw@90), while plants tolerate considerable
damage to non-productive tissue such as leavesh@ia& Heard 2011). Despite this,
herbivory might hinder the production and/or matioraof flowers into viable fruit

(Stephenson 1981; Pfab & Witkowski 1999).

The effect of fire on savannas has been well rebedr(e.g. Govender et al. 2006; Staver et
al. 2009; Smith et al. 2010) although most of theisdies focussed on woody vegetation.
The impact of fire on succulent species growinfireaprone biomes are not clearly
understood, however it is generally consideredttiede species are vulnerable to fire and
are therefore often found growing in refugia sushacky areas or open patches devoid of
fire fuel (Thomas 1991; Witkowski et al. 1997; Watkski & Liston 1997; Pfab &

Witkowski 1999b). Furthermore, some succulent ggamight resprout from lignotubers or

protected meristems after fire (Moreno & Oechel@9thomas & Goodson 1992). Despite
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the fact that fire management could be detrimentéthe survival ofA. swazicum, no studies

have been conducted to determine the effect obfiréhis Critically Endangered succulent.

The aim of this study was to understand aspedtseopopulation biology oh. swazicum
through the following objectives:
» Determine the plant size and population struct@iregresentative populations;
» Determine the extent and effect of herbivory onl@dand seedlings;
» Determine the follicle and seed production per taldwering plant) as well as per
population;
» Determine the extent of seed and follicle predatéord

» Determine the effect of fire on the survival androgluction ofA. swazicum.

3.2 MATERIALS AND METHODS
3.2.1 Description of populations studied

In order to determine population structureAobwazcum, studies were conducted in four
populations over a three-year period between Mag€® and April 2011. Fifty individual
plants in each population, randomly selected bkinglthrough the population were marked
with aluminium tags (Figure 3.1). The four popidas were selected based on the
following:
» Land use: Since three different land uses (a stateed protected area, private
sugarcane farm and Municipal Township in a wild§gnctuary), were associated
with the four populations, the effect of these laises on plant size, herbivory/threats

and reproduction could be assessed,;
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» Proximity of populations: Since the researcher based at the Lowveld National
Botanical Garden (LNBG) in Nelspruit, it was imyaont that the populations could be
studied by conducting day trips; and

» Size of the population: The studied populations twzeeach have more than 50

individuals.

7"\ =

Figure 3.1: Fifty Adenium swazicum plants in each of the four populations were markeavith
numbered aluminium tags.

3.2.2 Plant size and population Structure

The AOO of each population was determined usinguar® Quest 2 Global Positioning
System (GPS) by walking in a circle around the pajoon and recording all the individuals
on the boundary of the population. GPS readingbede plants on the edges were connected
to determine the AOO. Plant size was determine(iffy plants in each of the four
populations. Plant size was expressed as canepyaad the following data were collected
in January 2010:

* Height of plant from soil level to top of canopydsest cm);

» Maximum canopy diameter (cm); and

» Diameter at right angle to the maximum canopy diam@&m);
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Canopy area was calculated (see Knowles & Witko\8Ki0):

D1 D2
Canopy Area _R(z )x (2 )

where (D1) is the maximum canopy diameter, (D2hésdiameter at right angles to the
maximum. Plants were grouped based on canopyrgzéhe following classes: class 1 = <
100cm?; class 2 = 101-500cm?; class 3 = 501=1000da®s 4 = 1001-1500cm?, class 5 =

1501-2000crhand class 6 = >2000cm2.

The number of stems/plant as well as three clags&sading (full sun, semi-shade or shade)
from other plants, including grass, shrubs andst{égure 3.2) were also recorded for the
fifty plants in the four populations. Since heudres often eat above ground parts such as
stems and branches down to the ground, abovegm®inads not necessarily a good
indication of age or overall size (including beloewgnd size/mass). It is likely that
underground size/mass provides a good indicatiagef but sincé. swazicumis a
threatened species and possible negative effeetgpoflsing underground structures is
unknown, this was considered an unsuitable meth@dtess age. Aduilt swazicum plants
do not flower every year; therefore, the presencbsence of flowers was not a reliable
indication of age. Based on this, only two stagigories namely, seedling/juvenile and
adult were applicable tA. swazicum. A plant was considered to be a seedling/juvesmiien
the stems were green in colour while adult plaats ¢rey to dark brown, woody stems

(Figure 3.3).
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Figure 3.2: Three classes of shading fdkdium swazicum included: (a & b) full sun where plants were not saded by trees, grass or shrubs, (c)
semi-shade which included some shade during the dand (d) full shade when plants were in deep shadad did not receive full sun.
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Figure 3.3: Age classes foAdenium swazicum included (e) adults with grey to brown, woody
stems and (f) seedlings/juveniles with green, saftems.

3.2.3 Herbivory on leaves, flowers, branches and stems

In situ herbivory observations

Damage to aboveground parts (i.e. leaves, flowadsbaanches/stems) of the monitored
plants by vertebrates and invertebrates was redade expressed as total percentage of
plant damaged. In addition to this, any invertedsabserved feeding @& swazcum were
collected and identified by the author, Kruger Naél Park’s scientific services or the
Agricultural Research Council (ARC) in Nelspruitpimalanga. Lepidopteran (moths and
butterflies) larvae found feeding @nswazicumwere captured and taken to the LNBG where
each was placed in a 30cm x 30cm box filled witih Sbhe box was covered with a nylon
stocking to prevent larvae and adults from escapkgsh flowers and leaves collected from
theex situ collection at LNBG were provided to the larvae otedly basis. The emerged
adults were identified to determine if they aregmbial pollinators and/or insect herbivores of

A. swazicum.
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Ex situexperiments to simulate herbivory

Three prominent herbivores, observed that affecdrgvazicum in the wild, included
Diceros bicornis subspeciebicornis L (Black Rhinoceros)Phymateus mor billosus
(Linnaeus) &P. viridipes (Stal) (Orthoptera: Pyrgomorphidae) (Common Milkdié®cust)
andChrysolina (Naluhia) confluens (Gerstaecker) (Coleoptera: Chrysomelidae) (Leaf
Beetle). Black Rhinoceros are browsers feeding wide range of woody and succulent
species, which often include unpalatable or tokdmpspecies such &atura stramonium,
Euphorbia spp. andeuclea divinorum (Oloo et al. 1994; Braselton 1995). Since it iicllt
to quantify the effect of herbivory ok swazicum, herbivory of vegetative tissues observed
in wild populations was simulated & situ collections at the LNBG in Nelspruit,
Mpumalanga. Thex situ collectionfor A. swazicumat LNBG was established in 2003 by
Johan Hurter (Chief Horticulturist at the time)rfricseed collected from population P. The
plants were grown in 20cm plastic pots until Decen2007 when they were transplanted
into full sun within a flowerbed containing localis Twelve of these plants were used to

simulate herbivory.

Black Rhinocerosas a distinct feeding manner in which twigs amubshare clipped cleanly
often at a 90° angle (Oloo et al. 1994). Thesdifegsigns were observed in population G,
K and M located in the formally protected areasicwiBlack Rhinocerofrequented. Young
branches were neatly clipped at a 90° angle, asduis simulated iex situ experiments by
removing branches with sharp secateurs (Figure 3miwo plants, all above ground parts
were removed to determineAf swazicum could resprout from the underground tuber.

Insects such a8hymateus morbillosus (Linnaeus) andP. viridipes (Stal) (Orthoptera:
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Pyrgomorphidae) (Common Milkweed Locust) were obserfeeding on the bark of
branches and stems, this was simulated in expetsnegex situ plants by removing bark
with a sharp knife (Figure 3.5). Recovery was rtamed on the 14 of September
(approximately two weeks after the experiments weralucted), 8 of October 2009
(approximately 5 weeks after the experiments) amatleded on the 5of January 2010 (20

weeks). Between the 20f September and™of October, 10.5 mm of rain was measured at

the LNBG.

Figure 3.4: Browsing impact byDiceros bicornisL. (Black Rhinoceros) observed in; (a) wild

populations of Adenium swazicum, and (b) simulated in ex situ disturbance experiments.
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Figure 3.5: Phymateus viridipes (Stal.) (Milkweed ocust) (a) was frequently obsered feeding
on the bark, stems and flowers oAdenium swazicum, (b) in the wild. These impacts were
simulated (c & d) in ex situ plants by scraping the bark from branches using algrp knife.

3.2.4 The impact of herbivores on seedlings

The impact of herbivores on seedling emergencesandval in the wild was determined by
establishing three small platssitu. The plots were 1m x 1m in size and placed next to
Euclea divinorumtrees to replicaten situ seedling observations. Due to low seed
production in September/October 2009, only one heshdeeds were collected from
population A, while two hundred seeds were coll@étem population B. Both populations
occur in the same geographical area approximafiiynlapart with isolated individuals
confirmed between the populations. Plot one weebéshed in population A (with seed
collected from the same population) while plots &l three were established in the
Nkhuhlu full exclosures in the KNP. Exclosures avérst established in the KNP in 1954
with the aim of measuring and monitoring the loag+ effects of fire and herbivory (Van
der Schijff 1958) with the Nkhuhlu exclosures bunl2002 to determine the effect of
elephants and fire by excluding them from the estesy (Siebert & Eckhardt 2008). The
Nkhuhlu exclosures consist of a full exclosure isectvhich is fenced and electrified and
large vertebrates have been removed. At the tint@ostudy, the original exclosures had

been protected from herbivory for 34 years and ffioenfor seven years (Smith et al. 2010).
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However, the Nkhuhlu exclosures were only protetdedeven years. Regular patrols are
conducted in the exclosure as well as along thadbares to prevent large vertebrates from
re-entering the exclosures. Scientific servicelKNP approved the establishment of the
experimental plots provided that plot two and thmsch consisted of steel and wire cages
(Figure 3.6), were placed inside the Nkhuhlu fultlesures while the open plot was
established in population A. This would limit ttieances of these cages being destroyed by
animals such aSrocuta crocuta Erxleben 177{Spotted Hyena),oxodonta africana
Blumenbach 1797African Elephant) an@eratotherium simum Burchell 1817 (White
Rhinoceros). A small existing population of 20 lhdu swazcum plants was recorded within
the Nkhuhlu full exclosure (Population O). Theethplots (Figure 3.6), their location, a
description of the plots as well as number of sestidate of sowing are summarized in
Table 3.1. In all three plots, the seeds were maleith approximately 5mm of soil to
prevent wind and rain from displacing the seedsedng emergence and survival were

scored in January, February and May 2010.

Table 3.1: Three experimental plots to test the &fct of herbivory on seedlings including the
location of the plots, description of the plots, ath number of seed in each plot and date the seeds
were planted in the Nkhuhlu exclosures, South Afria.

Plot name Location Plot Description  Number of Seed Date planted
Plot one Population A Open 100 16 October 2009
Plot two Nkhuhlu full Steel frame 100 20 October 2009
exclosure covered with
50mm poultry
mesh
Plot three Nkhuhlu full Steel frame 100 20 October 2009
exclosure covered with

50mm poultry
mesh and 1 mm
pore size
mosquito net
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Figure 3.6: The three plots established to determe seedling emergence and survival of
Adenium swazicum in the wild; (a) plot one was located in populatiorA and was not covered; (b)
plot two was located in the Nkhuhlu exclosures andias covered with 50mm poultry mesh to
exclude vertebrates, and (c) plot three was alsodated in the Nkhuhlu exclosures and covered
with 50mm poultry mesh as well as 1 mm mosquito nébd prevent any access to seed or
seedlings.

3.2.5 Seed and follicle predation

Follicle formation and predation were recordeduty.&and September 2009 as well as
August, September and October 2010. Healthy feflisvere firm and approximately 15-
20cm in length while predated/infected folliclesrevgoft with curled tips (Figure 3.7).
Seeds were collected from follicles and inspectedbles or any other deformities which
would indicate predation and/or seed abortion. rAge number of seed per follicle was
determined from nineteen intact follicles, whichreveollected in October 2009 from
population A (n = 3), population B (n = 14) and ptgtion C (n = 2). Potential number of

seed (based on all follicles produced) producedamgpled plants was calculated by
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multiplying the total number of follicles (includinpredated follicles) in each population by
the average number of seed per follicle. The nurobseed released by sampled plants in
each population was calculated by multiplying ankgact follicles with the average number
of seeds per follicle. Viable seed productiomgked plant was estimated for each sampled
reproductive plant as follow: Viable seeds/samplieait = seeds released from intact
follicles * mean number of seeds per follicle * €&ed viability for population/100). Seed
viability was tested using tetrazolium testing (€#mpter 5). Due to a lack of seed from
population B when seed viability was tested, vigpiesults for population A that was

located approximately 11km away from population &evused. Fruit (follicle) set was

determined as the percentage of flowers that pexditalicles.

: 9 ¢ 4 y LS | r _
£ ;—J & g : ot . \./ 2t & i -, . -
Figure 3.7: Healthy, matureAdenium swazicum follicles are (a) approximately 15-20cm in
length and firm, ranging from reddish pink to (b) green in colour. Aborted/predated follicles

were (c) soft, desiccated with curled tips, with (dholes where invertebrates hatched sometimes
visible.
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3.2.6 The impact of fire on Adenium swazicum

Six adult, single stemme&l swazicum plants of the same age at the LNBG, were covered
with approximately 1 kg of dry flammable stems #&mles from grass species such as
Hyparrhenia hirta (L) Stapf.on the & of September 2009 and set alight between 11:00 and
12:00 in the morning (Figure 3.8). The temperaairthe time of the fire was 28°C with 0%
cloud cover, wind speed was 10km/hour and the hiiynichs 27%

(worldweatheronline.com). The recovery of plantswecorded on a weekly basis after each
treatment for eight months. The development ofeugibund tubers was investigated by
excavating four plants (three months, 12 monthsnaaths and 84 months old), at the

LNBG. A plant that was 84 months (6 years) old was of the plants used for the fire

experiment described above.

Figure 3.8: To determine the effect of fire o-rAdenium swazicum, (a) six adult plants at the
Lowveld National Botanical Garden with approximately 1 kg of dry flammable stems and leaves
of grass species such asyparrhenia hirta, and (b) set alight.

3.2.7 Statistical analysis

Where necessary, data were tested for normalibgubie Kolmogorov-Smirnov one sample
test and when not normal were transformed usingd_o@ne-way ANOVAs were used to
compare differences in canopy area, plant heigia fallicle and flower production between

the four populations, while Fisher’'s Least Sigrdfit Difference (LSD) was applied to
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statistically significant results. Regression ggsas were used to explore the relationship
between canopy area (cm?) and inflorescence primiucSpearman ranked correlation was
used to determine the relationship between herpiand flower production. The intensity of
herbivore damage was compared between plants ggawishade, semi-shade and sun using
a one-way ANOVA followed by Fisher’'s LSD tedin situ seedling emergence and seedling
survival were compared between three plots (i.endp all herbivores, excluding vertebrates
only, and excluding all herbivores) using a chi@gucontingency table. The results were
generally presented as means + SE. Analyses wadkicted using the software Analyse-it,

version 2.30 as well as XLStat, version 2014.6.04.

3.3 RESULTS
3.3.1 Population structure of monitored plants

Population B had the largest aerial extent at rtiwaa 2.1ha while population C was
confined to the smallest area of 0.37ha (Table 3R)erall, size class five (1501-2000cm?)
was underrepresented in all populations with pdpniaA having no plants in this size class.
Less than 8% of the measured plants in populatiandpopulation C fell in size class one
(<100cm?) (Figure 3.9). The average canopy aned)(of sampled plants were significantly
different amongst the four populations with theyést plants (canopy area) recorded in
population A (1231+221cm?) and population D (14789¢@m2; ANOVA; R,196=2.39; P =
0.0698; n = 200). However, population B was nghsicantly different from populations A
and D. Population C had the most stems/plant (6684, although this was not significantly
different to the number of stems/plant for popwalatB (4.5+0.55). Plants growing in
population D were significantly taller (48.8+2.25cthan those growing in population B

(40.7+2.52cm) and population C (34.6+2.30cm; ANOW4&\96= 6.71, P = 0.0002; n = 200).
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There was a weak positive significant relationdtepyveen canopy area and the height of the

plants for all the populations combine&#r0.235; n = 200; P < 0.001).

Plants that grew in full sun were significantly gieo (35.4+1.70cm) than those that grew in
full shade (44.6+2.43cm; ANOVA 2ho7= 8.46; P = 0.0003; n = 200), although there was no
difference between the height of plants that gmretull shade and semi shade (46.7+2.10cm).
Plants that grew in full sun also produced sigatfity more stems (5.4+0.55) compared to
those that grew in semi-shade (3.5+0.43) and hats (3.0+0.40; ANOVA, f107= 8.56; P

< 0.0003; n =200). The canopy area (cm?2) of gldmat grew in full shade were

significantly larger (1601+207cm?) compared to thtsat grew in semi shade (1033+180
cm?) and full sun (763+150 cm?; ANOVA; 7= 4.22; P = 0.0161; n = 200).

The percentage of sampled plants that grew insmj shade and full shade was
significantly different between the four populatiof’s = 16.89; P = 0.0097; Figure 3.10).

Table 3.2: Aerial extent, population size, densitpf the population (number of plants/ha),
height, number of stems and mean (+SE) canopy arg&r plant for the four Adenium swazicum
populations, in South Africa. Different subscriptletters indicate significant differences (P<0.05,
LSD).

Population No A B C D

Land Use Protected Area Protected Area Commercial Residential
Sugarcane Area
Farm

Aerial extent of population 0.95 2.1 0.37 1.57

(ha)

Size of population (no. of121 137 141 70

plants)

Density (number of 127 65 381 44

plants/ha)

Canopy area (cm?2 perl231+22%, 896+142, 776+13Q 1474+289

plant)

Number of stems/plant 3.7+0.5% 4.5+0.55;, 5.7+0.69 3.0+0.35

Plant height (cm) 43.3+2.53; 34.6+1.8% 40.7+1.73 48.842.73
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3.3.2 Vertebrate and invertebrate impact on leaves, floms, branches and
stems

Only one vertebrate species, Black Rhinoceros warmed to feed o\ swazicum
plants in populations A, G, K and M in protectedas, as observed by Section

Rangers D. English & R. Sowry in 2010, (pers. cojnithree insect species were
recorded feeding on the leaves, flowers, branchdfastems of. swazicum during

the survey period:

1) Chrysolina (Naluhia) confluens (Gerstaecker) (Coleoptera: Chrysomelidae)

(Leaf Beetle).

This species was recorded throughout the surveggand within all four

populations.Chrysolina is a large genus of leaf beetles in the subfamily
Chrysomelinae and all the species are phytophadeeding on specific food plants
(Picker 2004). According to B. Grobbelaar (pemsnm. 2009), these beetles have
been recorded feeding @énmultiflorumin Skukuza, KNP as well & somalensein
Somalia, and no other host plant information hashiqgublished to date. During
fieldwork conducted between 2009 and 2011 for pinigect, it was observed that
Chrysolina confluens laid their eggs on or very closeAoswazicum, and the various
instars as well as adults were observed feedirth®teaves and flowers &f
swazicum throughout summer in all four populations (Figurgl3. A. swazicum
continuously produces leaves and flowers througtfmigrowing season to replace

damaged leaves (October to April) and it is theneefiifficult to quantify herbivory.
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Figure .1: Chrysolina (Naluhia) confluens (a) eggs recorded orAdenium swazicum
leaves, (b) the first instar feeding on the flowerqc) second instar feeding on the leaves,
and (d) an adult feeding on flowers.

2) Phymateus morbillosus (Linnaeus) andPhymateus viridipes (Stal)

(Orthoptera: Pyrgomorphidae) (Milkweed Locust).

Phymateus species (Milkweed Locusts) have bright warning aadoand are capable
of producing a foamy defensive secretion when tereal (Picker 2004). Most
species in this genus feed on toxic plant speciels asGomphocar pus fruticosus (L),

but will also feed on other plants suchSakanum panduriforme and various garden
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plants (Gade 2002; Picker 200Hhymateus morbillosusis a reduced or flightless
species in which the males are capable of shgtitfiof less than 1 minute, while
females are sedentary (Kutsch et al. 2002). Thesssts usually congregate in large
numbers while feeding (Gade 2002; Picker 20@hymateus viridipesis capable of
strong flight, and have the ability to form swaraignany thousands to migrate long
distances (Skaife 1979; Picker 2004). BBhymateus species were recorded feeding
on the leaves, bark and stems\oéwazicum during the summer months (October to

April) between 2009 and 2011.

3) Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) (Cotton Bollworm)

Helicoverpa armigera eggswere collected in population O on th& 6 May 2010

and taken to the LNBGTwo larvae hatched on the1.df May 2010 and on theé'®

of June 2010, the larvae buried into the soil amalddults emerged one month later
on the %' of July 2010 (Figure 3.12)Helicoverpa armigera is very common and
widespread in Europe, Africa, Asia and Australiad & is considered a generalist
feeder using a wide range of plant species asgtasts, namelyatura stramonium,
Pelargonium spp. andsolanum panduriforme as well as crop species including cotton,
chickpeas, maize and tobacco (Razmjou et al. 2@&dt)lt Helicoverpa armigera was
however not observed on the flowersfobwazicum during any of the pollinator
observationand it is therefore not likely that this speciesyslan important role in
the pollination ofA. swazicum and it appears th&t. armigera only usesA. swazicum

as a host plant for its larvae.
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Figure 3.12: The mothHelicoverpa armigera (a) found feeding on wild populations of
Adenium swazicum, (b) was raised to maturity for identification.

Population A had the lowest percentage herbivoneadge in 2010 with only 26% of
the sampled plants affected by herbivores. PopualaB, C and D all had a high
incidence of herbivory with 68%, 66% and 70% resipety (n = 50 for each
population; Figure 3.13a). When plants without dgmwere excluded, the severity
of herbivore damage (i.e. percentage of leavewlte and bark consumed) was
significantly different between the sampled plantpopulation A (21.1+8.26%) and

population B (40.4+5.03; ANOVA; F110= 1.74; P < 0.0001; n = 114, Figure 3.13b).

Insects accounted for 99.7% (n = 114) of the restukrbivory (leaves, flowers and
bark) in the representative populations, with uandée damage limited to population
B. Furthermore, of all the plants that were impdatn by herbivores, 40% (n = 14)
had damage to the branches/stems only, while 2Whéibivory to their leaves only
with a further 9% having damage to flowers or flowads but not to the leaves or
branches/stems (Figure 3.13c). The percentaganapled plants with leaf damage
was the highest in population D (62%) while 52%haf sampled plants in population
B had herbivore damage to the stems and brancigpe€rR3.13d). There was a

negative relationship between percentage herbdameage and the number of
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flowers produced per plant (r2 = -0.365; p < 0.000% 114). Plants that had no
insect damage produced significantly more floweasp(45.6+5.4) compared to
plants that had insect damage (13.5+4.63; ANOVApé= 20.81; p < 0.0001; n =
200), in fact over three times more flowers. Tkecpntage herbivore damage per
plant was significantly higher for plants that grewshade (42.5+5.9%) compared to
those that grew in semi shade (27+4.6%) and surd(B%; ANOVA; k,111= 2.313;

P <0.0001; n = 114).

Ex situ experiments to simulate herbivory

The removal of bark from the main stem and brandigsot have an effect ok
swazicumas damaged parts were sealed with a clear latéwad hours. Even in
experiments in which stems were ring-bark&dswazcum continued to grow (Figure
3.14). The destruction of branches and/or the rsi@m caused significant coppice
regrowth with up to seven new stems produced byalg®010. In both experiments
where the stems were cut down, locusts ate thegnewth that was recorded in
October 2009. Despite this, both plants resprofded second time, with plant Ad14
producing seven stems by January 2014 (Figure 3H6)vever, in cases where the
stem was cut down, and /or all of the branches war®ved; the plants recovered but
did not produce any flowers during the same se@Balble 3.3). These results were
also confirmed byn situ observationsvhere plants were often heavily impacted by
various insect species, although it seems likeetivapacts did prevent the production
of leaves. This indicates that swazicum has a high tolerance to disturbance by

herbivores and will resprout from the undergrounakt.
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Table 3.3: A summary ofex situ experiments conducted in September 2009 to deternérthe effect that herbivores are likely to have oAdenium

Sswazicum.
Plant id. Experiment description Two weeks after gperiment (14  Five weeks post experiment (8 ~ Conclusion of experiment
September 2009) October 2009) (January 2010)
Ad07 & AdO8 Bark removed from less than Damaged areas sealed Damage appears not to have aflant fully recovered and
50% of the stem effect on the plant flowering
Ad09 Stem ring barked (all the bark Damaged areas sealed Leaves produced but smaller wherPlant produced mature leaves
removed around the stem) compared to new leaves from othebut no flowers
plants
Ad10 & Ad11 A third of the branches were Damaged areas sealed Damage appears not to have an Plant fully recovered and
debarked effect on the plant flowering
Ad12 90% of the bark from one Damaged areas sealed Damage appears not to have an Plant fully recovered and
branch removed while the effect on the plant flowering
second branch was not
damaged
Ad13 The stem was cut off at Damaged stem sealed and firm, bufour small stems resprout on the A single stem was produced on
ground level no growth visible cut surface. Locusts destroyed all the original cut area, no flowers
the new growth again
Ad14 The stem was cut off at Damaged stem sealed and firm, bufour small stems resprout on the Seven stems produced around
ground level no growth visible cut surface. Locusts destroyed all the original stem, no flowers
the new growth again
Ad15 All the branches were cut off Cut surfaces sealed New growth visible around the Plant produced ten new stems

Ad16, Ad17 & Ad18

against the main stem

All the branches were cut off Cut surfaces sealed

against the main stem

each of the cut areas from areas where original
branches were removed. No
flowers.

New growth visible around the Four new stems produced from
each of the cut areas cut surfaces. Flowers
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Figure 3.14: The figure illustrates that (a & b) f bark is removed from adult single stemmed plantso simulate herbivory, (c) damaged
areas sealed within 24 hours and (d) the plants pduced leaves in the same season.
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Figure 3.15: The figure |IIustrat$ t ability ofadult Adenium swaz chn plants with (a |
all the aboveground parts removed to (b) regrow whin the same season.

3.3.3 The impact of herbivores on seedling emergence ardgtablishment

Observed germination percentage, or at least emeeg# seedlings above the soll
surface, in the open plot, which was not proteftech herbivores was the lowest
(6%) with only 2% of the emerged seedlings sungwime first six months. Seedlings
in the plot which was protected from all herbivohesl the highest germination
percentage (58%) with all the emerged seedlingasng the initial six months. The
germination percentage of seedlings in the plotiviexcluded vertebrates but not
invertebrates, was 12% with 9% surviving the faisgtmonths (Figure 3.16). A
contingency tablg? test revealed that there was no association bataeedling
emergence and survival in the three plots (opeass;@xcluding vertebrates and
excluding invertebrates and vertebratg@)= 2.10; p = 0.351) while there was a
strong association between the percentage of sgedhat emerged and those that
did not emergex?.= 77.77; p <0.001) in the three plots. Since segdiurvival was
very low (2% and 9%) in plots which were open teeiriebrates, it is likely that
invertebrates have a significant impact on thebdistament ofA. swazicum seedlings

in the wild. Germination might have been undeneated since newly germinated

86



seedlings might have dried up or died prior to anttooing visit. However, the
germination observations corresponds with herbivecprds of mature plants in
which invertebrate species suchGisysolina (Naluhia) confluens (Leaf Beetle)
Phymateus morbillosus andP. viridipes (Common Milkweed Locust) were widely
recorded. However, the exclusion of herbivores adsulted in other herbaceous
plants around the seedlings growing more vigorowslich are likely to provide

better microclimates (moisture, temperature aner)iand the higher germination and
seedling survival rate could thus be attributeth®effect of nurse plants rather than

the effect of herbivores.
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3.3.4 Seed and follicle predation

Two invertebrate species were recorded on thecledliofA. swazicum during the
fruiting period (between 2009 and 201@keptocoris hexophthalma (Thunberg)
(Rhopalidae: Hemipterayas recorded in population A in 2009 and 20ILéptocoris
hexaphtalma was observed on mature folliclesAfswazicum where the adults as
well as various instars were feeding on the seiteln causing the follicles to rot
before the seed was released (Figure 3.17). lak@ct2010, 91% of the follicles
produced in population A (n = 221), 50% of follislm population B (n = 28) and

100% of follicles in population D (n = 6) were ingt@d on by follicle and/or seed

predators (Figure 3.18).

. .-'I . f v l"‘ !‘

Figure 3.17: Leptocoris hexaphtalma (a) eggs and larvae, and (b) adult oAdenium
swazicum follicles in population A in October 2010.
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Figure 3.18: Percentage ofAdenium swazicum follicles predated in all the four
populations (i.e. A, B, C & D) in October 2009 and@ctober 2010.

The genu®acus consists of fruit flies, which mimic wasps in app@ace and this
often leads to the misidentification of speciethils genus. The larvae have fluid-
feeding mouthparts and often inhabit the bactsoeab in the decaying areas of
infested fruit whileDacus species pupate within the fruiting bodyAsiclepiadaceae
(Drew et al. 2004). These records were consistéhtobservations ii\. swazicum

with pupae found in the decayed follicigsgure 3.19).

Figure 3.19: The figure shows, (a) newly emergedialts on follicles, and (b) an infected
follicle of Adenium swazicum with Dacusfrontalisin Population A in October 2010, in
South Africa.
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Extensive infestations dyacus frontalis were recorded in 2010 in population A, and
together with_eptocoris hexaphtalma, they destroyed 91% of the follicles and seed in
population A. Although seed predation could besidered severe fak. swazicum, it
did not affect all the populations at the same tirBegnificantly less viable
seed/sampled plant was released in 2009 in popnlati(5.28+3.2) compared to
population B (70.2+20.1) and population C (45.3252ANOVA; F,147= 5.69; P =
0.0042; n = 150). Despite lower seed viability population C (69.9%) compared to
population A and B (85.8%) (see Chapter 5), popaia€ still released significantly
more viable seed in 2010 (41.2+11.0) compared pujadion A (14.3+5.4) and
population B (10.6+7.8; ANOVA, F147= 3.99, P = 0.0204; n = 150; Table 3.4).
Population D was not studied in 2009 and sincthallfollicles were predated before
it reached maturity, no seed was produced in 20#idtavas therefore excluded from

further analysis.
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Table 3.4: One-way ANOVA results of potential seedroduction (including predated
follicles), actual seed production (excluding predad follicles) and number of viable
seed released from sampled plants (n=50 for eachpdation) 2009 & 2010. Due to lack
of seed production, population D was excluded frorthe analyses. Different subscript
letters indicate significant differences (LSD, P<@5).

Attribute Population  Population B Population C F P Df
A

2009
Potential seed 29.29+10.0a  82.72+23.6» 29.92+9.7, 3.7117 =0.027 2,147
production
Number of seed 6.2+26.7, 81.8+165.8p 65.1+124.5 5.42 <0.005 2,147
released
Number of viable seed ~ 5.28+3.2, 70.2+20.1p 45.3+12.3p 5.69 =0.0042 2,147
released

2010
Potential seed 194+ 41.6a 24.6+13.8p 65.1+17.6p 10.52 <0.0001 2,147
production
Number of seed 22.045.014 12.32+ 912 58.9+15.7p 7.15 <0.0001 2,147
released
Number of viable seed ~ 14.3+5.4, 10.6+7.8a 41.2+11.00 3.99 =0.0204 2,147
released

3.3.5 The impact of fire on Adenium swazicum

The plants used in experiments to determine theeedff fire onAdenium swazicum,
had single stems and were firm, however afteritiee the stems were soft and
appeared to have been destroyed by topkill (i.mpdete destruction of above ground
parts). Rain experienced in October 2009 (30 aétgs the fire), stimulated all six
plants to resprout from the underground tuber.J&yuary 2010, the plants had all

produced more than 10 stems/plant and they alldted (Figure 3.20).
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Figure 3.20: e figure iIIustrate (a sit fire exper-irhens ih (b) the ai stm
soft and apparently dead, with (c) regrowth in Octber to (d) burnt plants flowering in
January 2010.

Experiments to determine the effect of disturbarsteh as herbivory and fire én
swazicumrevealed that the species has a high toleranastiariobbnce, which includes
the destruction of all above ground parts and thiéyregrow from the underground
tuber. Underground tuber formation in the fouraasated plants indicated that the
above ground parts (stem and leaves) develop dthinfrst 12 months, after which

there is significant growth in the underground tubkile the above ground parts

remain generally the same (Figure 3.21).
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Figure 3.21: The figure illustrates stem and tubesize inex situ plants at (a) three and twelve months, (b) twentydur and thirty-six moths, and (c) all four age
categories.
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3.4 DISCUSSION
Plants that grew in full sun were significantly gieo, produced more stems and were

the least affected by herbivores compared to plaatsgrew in semi shade and full
shade. While vertebrates had very little impacAoswazicum, invertebrates were
recorded feeding on the leaves, flowers and brasisteens in all four populations and
had a negative impact on flower production. Faed ho detectable effect on the
survival of adult plants iex situ experiments and although the effect of fire on
seedlings was not determined, it is unlikely tlesdiings will be able to survive fires.

Follicle and/or seed predation had a considerabpact onA. swazicum.

Studies into the effect of herbivory on the repridchn capability of endangered
plants had contrasting results which included riectfon reproductive output of
Liatris ohlingerae plants damaged by invertebrates (Kettingrang €tGf19) to a
significant reduction in the number of flowers reged on plants which have
sustained herbivore damage (Ehrlen 1995; Pfab &oiski 1999a). Maron &

Crone (2006) found that insect herbivory had argfrionpact on population dynamics
of some plant species. FArswazicumit was found that insect herbivory had a
significant impact on the production of flowersthvan increase in herbivory
resulting in a threefold reduction in flower protioo. In addition to this, plants that
grew in full shade had the highest percentage dfih@e damage compared to plants

that grew in full sun.

Resprouting is a mechanism that allows plantsgenerate from taproots or

lignotubers after the destruction of abovegrourmmhiziss and thereby allowing these
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species to persist in ecosystems with recurrentrtiances (Pate et al. 1990; Morena
& Oechel 1991; Bond & Midgley 2001). Vesk and Wit (2004) proposed the use
of a semi-quantitative classification of no, wealkl &trong resprouters€x situ
disturbance experiments revealed that aflLdtvazicum plants are strong resprouters,
even if new resprouts are destroyed by herbivarélse same season. Although these
experiments determined the effect of fire and/obiveres on adulf. swazicum

plants, it is likely that seedlings and/or juvesil@unger than 24 months will be
destroyed by fire and/or herbivory since the undmrgd tuber is not yet well
developed at this stage and plants would therdfenenlikely to have sufficient
resources to resprout. Although plants with unarngd storage organs/lignotubers
usually provide these species with an ability tthatand intense herbivory and fire, it
has been found that an increase in fire intengtyehsed the survivorship or at least,
delayed resprouting (Moreno & Oechel 1990; Lesf@@9). It is possible thak.
swazicumis restricted to sodic sites due to the highemisity fires occurring in the
upland and riparian zones surrounding sodic siteslaat these higher intensity fires
result in the mortality of seedlings, juvenileseoen adult plants. In other words, the
sparsely vegetated sodic sites provide a fire ee&iguilar to rocky hillslopes.

When disturbed.eptocoris species release a strong odour and this couplédtingtn
being unpalatable ensures that they are not predatand therefore often congregate
in large numbers (Picker et al. 2004). Dense tafems ofL. hexaphtalma were also
recorded irMangifera indica (Mango) and.itchi chinensis (Lychee) orchards in the
Malelane region during 2010 (S. Schoeman 2010, persm.). Dacus species

exhibit characteristic behaviour where the malkzas the larval host plants as
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species-specific waiting places and territoriescfmurtship and mating (Drew et al.

2004).

SinceA. swazicumis a strong resprouter, the presence of multiglmston nearly all
the plants in populations A-D indicate extensiv&ulibance and/or destruction of
aboveground parts due to herbivores, fire and/ardruactivities. Plants that grew in
full sun produced significantly more stems compdcethose that grew in semi-shade
and full shade. In addition to this, plants in piggion C had the highest mean
number of stems/plant and since this populati@ursounded by sugarcane fields
which are burned before harvesting, it is likelgttthe higher number of stems
recorded in this population is a result of morejérent fires than experienced by the

other populations.

Seedling emergence and survival in the wild wasgdly considered to be very low
with less than 10% of the seedlings surviving i ot which was open as well as
the plot which allowed access to invertebrateselxatuded vertebrates. However,
58% of the seedlings emerged and established iplth&vhich excluded all
herbivores indicating that seedling mortality kely due to invertebrate species such
asPhymateus morbillosus andP. viridipes which were frequently recorded feeding on
the bark and stems of ad@tswazicum plants. However, since the open plot was
located at a different site (in population A) ttiae other two plots (Nkhuhlu full
exclosure), the possibility that the low seedlingeegence and establishment

associated with the open plot could be due toeaesfect cannot be ruled out,
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although it is considered unlikely since seedlingse very seldom observed in the
wild. Based on these results, it is likely that thspersal oA. swazicumis limited by
invertebrate herbivory, availability of suitablearosites for germination and the

effect of fire on seedlings and/or juvenile plants.

Studies into plant reproduction have revealeddkatl production can be controlled
throughout the reproduction period by abortionndiforescences and immature seeds
(Witkowski 1990). Although some plant speciesléy to tolerate considerable
damage by herbivores, it is important to deterntiveeeffects of insects on the entire
population, especially for rare/threatened spedisite & Robertson 2009; Ancheta
& Heard 2011). This study found that herbivored haonsiderable impact @&n
swazicum between 2009 and 2011, with plants damaged byJwds producing
significantly less flowers. In addition to thigesl predators destroyed 91% of the
follicles produced in population A in 2010 whileetbombined seed
production/sampled plant in populations A and Bichlwere located in a protected
area, were significantly less than seed produgilant in population C which was not
within a protected area. Common pest speciesaffett sugarcane in South Africa
include insect orders such as Hemiptera (Joshi&@k¢amath 2004; Thompson
2004), Homoptera (Singh et al. 2004) and Lepid@pt€onlong 1990; Keeping &
Meyer 2002) and these insects are commonly coattelith an aerial application of
contact pesticides such as creoline and glufoserat@onium (Leibbrant & Snyman
2003). Itis possible that the application of thessticides have impacted An

swazicum seed predators (Hemiptera) resulting in lower itafgsns in population C
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which was located in a sugarcane matrix land wtrexrepplication of non-specific
pesticides is common and therefore might have &ffiepest species associated with
A. swazicum. Seed predation might vary greatly between pdimuia (Menges et al.
1986; Louda 2001) and this was foundiirewazcum populations during the study
period. Although seed predation was severe fdacepopulations, this impact is

likely to be less when one considers the entiraufadon over a longer term.
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4 CHAPTER 4: REPRODUCTIVE ECOLOGY OF THE
CRITICALLY ENDANGERED SUCCULENT, ADENIUM
SWAZICUM STAPF

Abstract
The regeneration @kdenium swazicum has not been studied with the number of

flowers and seed produced not known. Pollinattodiss have not been conducted
for anyAdenium species, although it has been suggested that drdgrbe pollinated
by an insect with a proboscis length of at leashiibdue to the anatomy of the
flower. The aspects of the reproductive biologyo$wazicum were studiedy
comparing the number of flowers and follicles proel as well as fruit and seed set
and seed production/plant in four representatiyeufagions (i.e. A, B, C & D). The
colour, shape and size Af swazicum flowers were described based on flowers which
were produced oex sit andin situ populations. Observations of potential pollinators
were also made. Despite large floral displdyswazicum attracted very few insects
with the only potential pollinator observed bein§phingidae Linnaeus 1758 (Hawk
Moth) which was observed after dusk. Plants thetvgn full sun produced
significantly more flowers (24+2.81) compared togé that grew in semi shade
(9.3+3.36) and full shade (10.4+3.88; P < 0.001n 2010, sampled plants in
population B, which was located in a formally patézl area, had the lowest
percentage of flowering plants (32%) but produdgdicantly more
follicles/flowering plant (Xs3= 25.69; P < 0.001) than the other three population
which 72-92% of plants flowered. In all four pogtibns, less than 12% of the
flowering plants produced follicles, indicating tt#a swazicum has a low rate of seed

production. The average number of seed per felisbas 44.1+13.2 (mean + S.E.).
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At a population level, population C produced 23&ie seeds while the other
populations produced 257 (A), 242 (B) and 0 (D20@10. The low (and highly
variable) number of viable seed produced, as vediba seedling emergence and
survival in the wild indicates th#&t swazicum has a low reproduction success, which

could increase its vulnerability to local extinet

Keywords: Apocynaceaelacus frontalis, flowers, follicles, hawk moth, pollinators,

seed abortion, seed predation, seed production.

4.1 INTRODUCTION
In order to understand community processes suckgameration, establishment,

succession, species survival strategies and cafisasty it is important to have an
understanding of a plant’s reproductive ecologyy@&&999; Cousins et al. 2013b).
Critical determinants of a plant’s reproductivesss, which influences its
distribution and populations size, are the spealeisty to produce seed and
effectively disperse viable seed (Steffan-Deweated. 2012). For a species to
persist in the long term, effective regeneratiaoudlgh seed or vegetative
reproduction is essential (Weiersbye & WitkowskD&9Kaye 1999; Helm et al.
2011). Although it is known that insects are themfloral visitors of Apocynaceae
(Rowley 1980; Fallen 1986, Endress et al. 2007prmation on plant-pollinator
relationships and field observations of flower tiss$ are scarce. Large Apocynaceae
flowers may have evolved a pollination mechanisat #ttracts insects with long and
strong mouthparts to penetrate the flowers androbta nectar which is located at

the base of the flower (Rowley 1999; Araujo e2l14).
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Self-incompatible species might experience diffiguh setting seed, especially in
small populations (Lamont et al. 1993; Byers 1995&though no studies have been
done on the reproduction of any species in the gAdenium, low fruit production
coupled with high fruit abortion has been repoftadspecies in the family
Apocynaceae, which includes the geAdsnium (Willson & Rathke 1974; Willson &

Price 1977; Darrault & Schlindwein 2005).

The aspects of the reproductive biologyAdenium swazicum were studiedhrough
undertaking the following objectives:

» Description of the flower colour, shape and size;

* Determine the number of flowers produced in foyresentative populations;

* Observations of potential pollinators;

* Determine follicle and seed production/plant andg@pulation in four

representative populations;
» Determine fruit and seed setAfswazcum;
» Determine the viable seed set forswazicum; and

« Determine total viable seed production at a popardevel for 2010.

4.2 MATERIALS AND METHODS
4.2.1 Flower Characteristics

Flower descriptions (i.e. colour, size and shapeevbased on flowers which were
photographedh situ as well as thex situ collection at the LNBG. Flower shape, size
and colour were recorded during the flowering pe(i@ctober to April) between

2009 and 2011. Floral structure descriptions vieased on Rowley (1980) and

supplemented by personal observations which indagbgroximately 90
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photographs. Individual flower development warded on a daily basis &x situ

collections at LNBG in February 2011.

4.2.2 Flower production

In order to determine flower production &fswazicum, data were collected from four
populations (i.e. A, B, C & D) in January 2010 ¢tlstudy was only initiated in March
2009 which was at the end of the flowering seasoAfswazicum). Fifty individual
plants in each population were randomly selectetdnaarked with aluminium tags
during initial fieldwork conducted in March 2009he number of plants that
flowered, the number of flowers per plant, plagesas well as the degree of shading
experienced by each flowering plant were recordadiary 2010). Plant size,
specifically canopy area, of each flowering plaaswletermined and calculated as
follow (see Knowles & Witkowski 2000) in JanuarylZD
Canopy area = [] (D1) x (D2)

2 2
where (D1) is the maximum canopy diameter, (D2hésdiameter at right angle to
the maximum. Shading from other plants, includingss, shrubs and trees were

divided into three classes, namely full sun, seimaide or shade.

4.2.3 Observation of potential pollinators

Pollinator observations were conducted in all foopulations during the flowering
period (October to April) foA. swazicum between 2009 and 2011. Although only
populations A, B, C and D were studied, popula@provided a safe environment in
which dusk studies could be conducted, so it wes ialcluded. Pollination
observations were conducted at 30-minute interhatsrg early morning (07:00-

08:00), mid-morning (10:00-11:00), midday (12:0Q43, late afternoon (16:00-
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17:00) and dusk (18:00-19:30). Observations cotedlin the late afternoon and
dusk were conducted by six people in populatiofrébfuary 2010 & March 2011)
and population Q (November 2010), for 90 minutes ttne (total observation time =
870min or 14 hours). Pollinator observations ipydations B, C and D were limited
to diurnal studies (i.e. early morning, mid-morningdday and late afternoon).
Where possible insects landing Answazicum flowers were caught with a standard
butterfly net and placed in glass bottles for ideation. To determine the presence
of floral guides, ten potted plants from thesitu collection at LNBG were placed in a
dark garage with no windows and inspected with &2 Ultra-violet (UV) torch in

March 2011.

4.2.4 Follicle and Seed production

Follicle and seed production were assessed dummrtiting period ofA. swazicum
(July-October) in 2009 and 2010 for population Aagl C. Population D was only
discovered in January 2010, therefore follicle aedd production for this population
was only assessed for July-October 20A8enium swazicum seeds are wind
dispersed. To ensure that all the seeds in thiel&sdlwere collected; nylon stockings
were placed over each follicle with the ends setwigh cable ties. Nylon stockings
allow sunlight and air to reach the follicle aneéréfore are unlikely to have a
significant impact on the development of the fddigFigure 4.1). To determine the
average number of seeds per follicle, nineteeicfed in total were collected in
October 2009 from population A (n = 3), populat®iin = 14) and population C (n =
2). Since limited follicles were produced in egdpulation, the number of follicles
collected from each population varied. Potentiahber of seed produced by

sampled plants in each population was calculatemhtosiplying the total number of
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follicles (including predated follicles) on samplelnts by the average number of
seed per follicle. Follicle set was determinedn&spercentage of flowers that
produced follicles, while seed set was the averageber of seeds per follicle.

Viable seed production (sampled plants and totpufadion) was calculated by
multiplying the average number of seeds produaaddt follicles only), by the
percentage seed viability for each population detsed through Tetrazolium staining
protocol tests (see Chapter 5). Since seeds fapulation B were not available for
tetrazolium testing, seed viability results fronpptation A, which was located 11km

west population B, were applied to population B.flow diagram to indicate the

steps followed to determine follicle and seed pobidun are given in Figure 4.2.

Bk T i ] - ST R T R o= AR 28 ae
Figure 4.1: DevelopingAdenium swazicum follicles covered with nylon stockings, (a) to
allow follicles development to maturity, and (b) toprevent loss of seeds on release.
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Flowering:
Percentage of sampled plants which flowered extrapolated to total
population size(s)

Yes »| No(Plants not
reproductive)
Follicles
Yes: Follicle set = % of flowers < »| No

which produced seed

l

Determine average number of seed
per follicle (n = 19)

v

Potential seed production = total
number of follicles * average seed per
follicle

A

Seed released = intact follicles at end
of seeding season (October) * average
number of seed per follicle

l

Determine percentage seed viability
per population through TZ tests

v

Viable seed = Seed released *
percentage viability per
population/ 100

Figure 4.2: Flow diagram of methods used to deterine follicle production and seed set
of sampled plants and total population(s) forAdenium swazicum in South Africa.
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4.2.5 Statistical analysis

Statistical analyses were conducted using AnalyB®a-Microsoft Excel (version

2.30) as well as XLStat (version 2014.6.04). Rsgimn analysis was used to explore
the relationship between canopy area/height oftpland number of flowers
produced. One-way ANOVA followed by Fisher's LS2swsed to compare the
number of flowers produced on plants that grewulhdun, semi shade and full shade.
A Chi square test was used to compare the perazpfdfpwering plants in the four
populations that produced intact follicles. Thener of seeds per follicle was
counted for nineteen follicles to determine therage (+S.E., and range) number of
seeds per follicle. An estimate of the potentiahber of seeds produced by the
sampled plants was calculated by multiplying thaltoumber of follicles (including
predated follicles) with the average number of sqest follicle, while the number of
seed produced was estimated by using intact fediohly. Percentage fruit (follicle)
set was calculated as the percentage of flowetgptbduced fruit. One-way

ANOVA followed by Fisher’'s LSD was used to comp#re number of seeds
produced per plant between the three populatio20@® and the four populations in
2010, as well as fruit production/plant, seed pobidun/plant, and fruit and seed set

between populations. The results were generadlggnmted as means + SE.

4.3 RESULTS
4.3.1 Floral Structure

Adenium swazicum flowers were mostly light pink or mauve in coloalthough
darker pink/red, while only one pure white floweaswobserved in the wild
populations (Figure 4.3). Flower colour in #esitu collection at Lowveld National
Botanical Garden did not show a great variety, Whscmost likely due to all the

plants originating from seeds collected populafofseeds were collected fexsitu
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collections at the LNBG in 2003). Individual flomsize ranged from 2-6cm in

width, corolla lobe shape varied from round to steaped with smooth or wavy
margins (Figure 4.4)Adenium swazicum flowers are borne in clusters at the tips of
the branches and open sequentially from the topedottom. Up to 15 flowers in
different states of development can be seen simediasly on one individual

flowering branch. Flower development from bud pwo flower takes less than 48
hours and mature flowers remain on the plant far fo five days before they wilt

and drop to the ground (Figure 4.5). Flowers aemtess and remain open during the
day and night. Flowers are produced throughoufltigering season between

October and April with isolated flowers still visghin May.

Fir 4.3: Flower colour of Adenium swazicum in the wild ranged from (a) mauve, (b
& ¢) light pink to (d) pure white (colour frequency: 300-400nm).
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-IEigure 4.4: Flower shape observed iAdenium swcum between 2009 and 2011
included (a) round to (b) star shaped while the cala margins were (c) wavy to (d)
smooth.

’ ) Ve
B o A& |
' .v’ R

Figure 4.5: Flowers (a) in different states of deslopment can be seen simultaneously on
one flowering branch of Adenium swazicum with (b) mature flowers remaining open for
4-5 days before they wilt.
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4.3.2 Flower production

In January 2010, 92% of the sampled plants in @l A produced flowers (Figure
4.6). When non-flowering plants were excludednsigantly more flowers/plant was
produced in population A (68.8+13.27 flowers/platdinpared to populations B

(5.242.21), C (23.8 +4.51) and D (11.7 + 2.21; AN©DW3106= 15.90; P < 0.0001; n
= 200). There was however, no significant diffeebetween the number of flowers

produced per plant in population B, C and D in 2an2010 (Figure 4.6).

For all populations combined, there was no relaigm between canopy size (cm?)
and number of flowers (r2 = 0.012, P < 0.001; r08)2r height of plants and the
number of flowers (r2 = 0.04, P < 0.001; n = 20@Jhen non-flowering plants were
excluded, there was still no relationship betwesmopy size (cm?) and number of
flowers (r2 = 0.0008, P < 0.001; n = 136) or heightl number of flowers (r2 =
0.0399; P < 0.001; n = 136; Figure 4.7). There madifference between the number
of flowers produced on sampled plants in full s28.8+5.83), semi shade
(30.2+7.20) and full shade (19.6+8.29; ANOVA;1b7= 0.57; P = 0.5650; n = 200;
Table 4.21). This remained the same when non-flmgelants were excluded.
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Figure 4.6: The percentage of sampled plants in ela population (n = 50 for each
population) of Adenium swazicum (a) which produced flowers in January 2010 as well as
(b) the average number of flowers/plant produced bygampled plants in each population
(only flowering plants). Values with different letters are significantly different between
populations (LSD, P < 0.05; error bars represent sindard error of the mean).
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Figure 4.7: For all populations (n = 200) there ws(a) no relationship between canopy area (cm?) amiimber of flowers, (b) or height of plants and thenumber
of flowers. For only flowering plants (n = 136) tlere was (c) still no relationship between canopy aa (cm?) and number of flowers, or (d) height andumber of
flowers.
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4.3.3 Pollinator Observations

Pollinator observations revealed that very few é¢tseisitedA. swazicum flowers
even during good flight times which were windlead &ot. Two bee species,
Amegilla calens andAmegilla terminate Friese 189{Hymenoptera: Apidaayere
collected during the day ok swazicumflowers. In both species, the proboscis
length was less than 10mm and therefore not coresideepossible pollinator &.
swazicumwhich requires a proboscis length of at least 18fRowley 1980).
Xylocopa caffra Linnaceus 1767 (Hymentoptera: Apidae) (CarpentesiBerere
observed hovering in front & swazicum flowers but did not land or insert its
proboscis. A fast flyingphingidae Linnaeus 1758 (Lepidoptera: Sphingidae) (Hawk
Moth) was observed at flowerirlg swazicum plants in population A and population
Q. The moth always appeared after sunset and &édwerfront of open flowers,
briefly inserting its proboscis. Due to the darlsiaad quick flight pattern of the
moth, attempts to capture a specimen were unsudatess, the fast flying and
hovering behaviour is characteristicRuhingidae, which have an apparent lack of
reaction to scent and good vision at very low isies (Proctor & Lack 1996). No
floral guides, nectar guide or any other patterasavobserved under UV light on
matureA. swazicum flowers.

Table 4.1: The number of plants, percentage of fleering plants, average number of
flowers, percentage of sampled plants which produdefollicles as well as the percentage

of flowering plants that produced follicles for plants growing in full sun, semi shade and
full shade for the four populations (i.e. A, B, C &D) in South Africa.

Population A Full Sun Semi Shade Full Shade
Number of plants (n = 50) 23 13 14
Percentage of sampled plants that 91% 100% 86%
produced flowers

Average number of flowers per plant 57.2+17.6 111.3433.3 48.3+19.7
(mean + S.E)

Percentage of sampled plants with  52% 69% 64%
follicles

Percentage of flowering plants that 57% 69% 75%
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produced follicles

Population B

Number of plants (n = 50) 24 17 9
Percentage of sampled plants that  42% 35% 0%
produced flowers

Average number of flowers per plant 7.0+3.4 5.1+2.8 0
(mean_+ S.E)

Percentage of sampled plants with  12.5% 11.7% 0%
follicles

Percentage of flowering plants that 30% 33% 0%
produced follicles

Population C

Number of plants (n = 50) 33 12 5
Percentage of plants that produced 76% 66% 80%
flowers

Average number of flowers per plant 34.7+6.76 7.8+2.82 2.8+0.86
(mean_+ S.E)

Percentage of sampled plants with  40% 35% 0%
follicles

Percentage of flowering plants that  44% 50% 0%
produced follicles

Population D

Number of plants (n = 43) 10 18 15
Percentage of plants that produced 60% 89% 60%
flowers

Average number of flowers per plant 9.4+4.24 12.3+1.95 5.1+1.60
(mean + S.E)

Percentage of plants with follicles 0% 0% 0%
Percentage of flowering plants that 0% 0% 0%

produced follicles

4.3.4 Follicle and seed production

Adenium swazicum follicles are between 15 and 20cm in length witb fallicles
produced per flower. The seed has a woody ouyer lahich protects the soft
embryo, the individual seeds weigh 0.0022+0.00029g 10; range: 0.001-0.004)
and are 9-13 mm in length with hairy tufts on betius (Figure 4.8). Average
number of seed produced per follicle was 44.1+ 8fdan + S.E; n = 19; range: 25-
69). Population B produced the highest numbeoltitfes (94) in 2009 from the 50
sampled plants. Population A produced 221 fokieie2010, but 202 (91%) of these
follicles were predated before they reached maturiOctober (Figure 4.9). For
sampled plants in all populations combined, thesis no relationship between canopy

size (cm?2) and number of follicles (r2 = 0.063, B.801; n = 200), this remained the
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same when non-reproductive plants were excluded the analysis (r?2 = 0.0338, P <
0.001; n = 136). However, there was a positivati@hship between the number of
flowers and the number of follicles (r? = 0.4415P.001; n = 136). There was no
difference between the number of follicles producedlants that grew in full sun
(1.6+0.34), semi shade (1.3+0.51) and full shade&+@32; ANOVA: k,107= 1.32; P

=0.2702; n = 200).

In 2010, population B had the highest fruit (fdiicset (% of flowers which produced
follicles) at 11% compared to populations A (6.4%)6.2%) and D (1%).

In 2009, the average number of seed/plant produncpdpulation B was significantly
more (82.7+23.6) compared to populations A (29.3#2é&nd C (29.9+9.7; ANOVA,
F2,147=5.42; P < 0.005; n = 150). Population D wasgtodied in 2009 and was
therefore excluded from the analyses. Howeve2PitD the average number of seed
produced/plant in population C was significantlyrsn(68.9+15.7) compared to

populations A (22.0+5.01), B (12.32+9.1) and DABIOVA, Fs16= 7.15; P <

0.0001; n = 200).

Figure 4.8: Adenium swazicum seeds have (a) a woody outer layer, are 9 to 13mm i
length (a), weigh 0.0020 + 0.0029 g and (b) haveityaufts on both ends to aid in wind
dispersal.
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Figure 4.9: Follicles produced by sampleddenium swazicum plants, (a) in 2009 and (b)
2010.

The percentage of flowering plants that producédcirfollicles compared with those
that produced none, differed significantly betwées four populations (3% = 25.69;

P < 0.001) with only two (5.6%) of the floweringapks in population D producing
follicles in 2010, and none of these were intacttey end of the fruiting period in
October (due to predation) (Figure 4.10). There wasignificant positive linear
relationship between the number of flowers andidie$ produced for all four
populations combined (excluding non-flowering p&nf? = 0.44; p < 0.001; n =

136) (Figure 4.11). At population level, populati®G produced the highest number of

116



viable seed (2363) in 2010 compared to populatidn&@57), B (242), and D (0)

(Table 4.2).
B % of sampled plants that flowered
% of flowering plants which produced follicles
B % of flowering plants which produced intact follicles
100
E
=
= 80
S
§_ 60
2 a0
3 " I I
O O
é 0
5 A B C D

Population

Figure 4.10: The percentage of sampled plants iraeh population (n=50/population) of
Adenium swazcum which produced flowers, the percentage of the flowmg plants that
produced follicles as well as the percentage of fl@ring plants which produced intact
follicles.

30

y =0.0501x+0.3873
r2 = 0.4405; p< 0.001
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Figure 4.11: Relationship between the number ofdwers and the number of follicles
produced in 2010 for all populations combined (n 436).
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Table 4.2: The number of plants that produced flowrs, average number of follicles/plant, number ofeed released from intact follicles and number of able seeds
released for 50 plants sampled/population and extpolated to the whole population (data in Table 3.4)

Attribute Population A Population B Population C Population D
Sampled Total Sampled Total Sampled Total Sampled Total
Plants population Plants population Plants population Plants population

Sample/Population Size n =50 n=121 n =50 n#& 13 n=>50 n=141 n=>50 n=70

Number of plants which 46 (92%) 111 17 (34%) 47 37 (74%) 104 36 (72%) 50

produced flowers

(2010)

Number of flowering 7 (15%) 17 3 (17%) 8 15 (41%) 43 0 0

plants which produced
intact follicles [A]

Average number of 44.1+13.2 44.1+13.2 44.1+13.2 44.1+13.2 44.1+13.2 44.1+13.2 44.1+13.2 44.1+13.2
seeds/folliclé[B]

Number of 0.4+0.25 0.4+0.25 0.8+0.41 0.8+0.41 1.8+0.28 1.8+0.28 0 0
follicles/plant
(mean+S.E) [C]

Average number of 2.8 6.8 2.4 6.4 27 77 0 0
intact follicles
produced/plant [D] =
[A*C]

Number of seeds 123 299 105 282 1190 3396 0 0
released from intact
follicles [E] = [B*D]

Seed viability for 85.8% 85.8% 85.894 85.894 69.6% 69.6% n/a n/a
population [F]

Number of viable seeds 105 257 90 242 828 2363 0 0
released = [E*F]

f_Seeds/foIIicIe were only determined from a sampl&Qintact follicles gathered from populationsB\and C in October 2009.
"Due to a lack of available seed in October 2008d séability could not be determined for populat®itherefore, seed viability which was determineddopulation A, which was located 11km from popiola
B was applied.
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4.4 DISCUSSION
Population A produced significantly more flowersipi in 2010 compared to the other

three sampled populations and although populatigmo8luced significantly more
follicles in 2010 compared the other three popafatj 91% of the follicles were
predated before seed was released in OctobeheAgtame time, population C
produced the highest number of intact follicles andsequently the highest number
of seed in 2010. Hence there is considerable tiamian seed production between

populations and between the years.

Plant size is often closely related to flower pratittn and larger floral displays
should result in more fruit production because thisact more pollinators and
represent larger energy investments in reprodug¢tioiovic 1981; Sih & Baltus 1987,
Ollerton & Lack 1998). Furthermore, many indivitip&ants of a species flowering at
the same time will be more attractive to pollinatoompared to fewer plants
producing less flowers (Udovic 1981; Echart 199llen & Lack 1998). No
relationship was found between plant size (canaopg)aand the number of flowers,
which could be partially due to disturbance fac{see Chapter 3) which reduced the
actual levels of flower production as the plantoneers. A positive relationship
between the number of flowers/plant and numbeoliitfes/plant for all populations
combined, indicated that plants with large florspdiays attract more pollinators.

One unlikely possibility is that the species migélf-pollinate. This would require an
exclusion experiment to confirm this, which woulel\eery difficult to undertake in

the KNP as animals such as baboons would desteogxtiusion bagswitkowski &
Wilson (2001) found that a significant higher pertege of flowering plants of the
alien invasiveChromolaena odorata (L) (Asteraceae) were growing in full sun

compared to plants that grew in semi shade andeshbmvever, foA. swazicum
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there was no difference between the number of ftefpkant for plants that grew in
full sun, semi-shade and full shade possibly inthgathat sunlight was not a

prerequisite for flowering.

Despite large, pink floral displays, low insectigty was observed around

swazicum and although surprising, similar observations Hasen made foXerium
oleander, another member of the Apocynaceae far(igrrera 1991). Diurnal and
nocturnal Sphingids (Hawkmoths) use colour vismfirid and recognize flowers and
feed while hovering in front of flowers (Kelberat 2003). Although a specimen
Sohingidae Linnaeus 1758 (Hawk Moth) could not be capturesdfaeding behaviour
was consistent with studies on hawkmoth pollinaf{Mi#hite et al. 1994; Proctor &
Lack 1996; Sugiura & Yamazaki 2005; Araujo et &l12), and it is considered likely

that this moth is the pollinator f@. swazicum.

Limited fruit set can be a result of poor pollimetior lack of resources (Copland &
Whelan 1989) although studies on the same plamiegphave sometimes yielded
opposite results with pollination setting the litatfruit set in some seasons but not
others (Whelan & Goldingay 1989). However, it bagn argued (Willson & Rathke
1974; Willson & Price 1977) that pollinators do tatit fruit production inAsclepias
species even though the proportion of flowers peodumature fruits is low and fruit
abortion is common. Asclepiadaceae is treatedsabfamily in Apocynaceae
(Endress & Bruyns 2000), which includes the gefdsniium. Fruit and subsequent
seed set was highly variableAdenium swazicumin 2009 and 2010, with population
B producing 94 follicles in 2009, but only 28 in12) while in population A 12 plants
produced follicles in 2009 while 28 plants produdaticles in 2010. Janzen et al.

(1980) suggested that annual alternation of goadpaior reproduction may result
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from resource limitations in individual plants, ahis was considered possible far
swazicum. Reproductive failure can include failure of frunitiation and failure of
fruit to mature (Willson & Price 1977). Failure fofiit to mature can be due to
abortion, which is usually caused by competitioroagst the fruits for nutrients
supplied by the parent plant and/or abortion dugntmmalies, or due to predation of
the fruit (Willson & Price 1977). Failure of fruib mature (mostly due to predation)
had a significant impact on population A in whict?® of the follicles did not reach
maturity in 2010. Although this study did not digfuish between follicle abortion
and predation, large concentrations of follicle ardd predators such lasptocoris
hexophthalma (Thunberg 1784) anDacus frontalis (Becker 1922) were observed on
the follicles in population A. During the same éndense infestations bf
hexaphtalma were confirmed by the Agricultural Research Ce(WRC) in
Mangifera indica (Mango) andLitchi chinensis (Lychee) orchards in the Malelane
region during 2010 (S. Schoeman 2010, pers. comitng.therefore highly likely
that failure of follicles to mature iA. swazicumwas largely due to predation and not

follicle abortion due to limited resources.

Mutualism between plants and pollinators is likilyoe disrupted in small, isolated
populations, and this may reduce plant reproducivess (Sih & Baltus 1987;

Olensen & Jain 1994; Argen 1996).

The Allee effect is the relationship between popaltasize or density and overall
population growth rate (Le Cadre et al. 2008). Y#&unen & Johnson (2005),
describe two types of Allee effects; ecologicaleglleffect due to a reduction in
pollen deposition in small populations and genatiee effect which relates to the

quality of the deposited pollen. Therefore, plmiess in small populations may be
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reduced because of both ecological and genetioria(Berec et al. 2007). This
Allee effect might have been present in populaBowhich had a small number of
plants, low pollinator activity and was isolatedrfr otherA. swazicum populations
resulting in reproduction failure in 2010. Repuotive failure in small populations
have been recorded in various studies for examatednt et al. (1993) found that
total seed production danksia goodii populations tended to increase with the
number of plants in the population, while a sigr@fit positive correlation has been
found between population size and seed produatiding self-incompatible herb,
Lythrum salvicaria (Argen 1996). Due to an insufficient number ofriders,
fragmented populations within deteriorating patcmesy go extinct over time while
colonization of new sites becomes increasinglykehi (Ovaskainen & Hanski 2001).
Although population D was only studied for one yefais possible that this
population suffers from both ecological and genatiee effects and continued
reproduction failure. Destruction of the remainpignts by the housing development
as well as collection of the species for medicmaposes, could lead to the local
extinction of this population. The above indicaiest there is a need for reproductive
studies to be conducted over several consecutiaes ye order to better understand

the reproductive ecology & swazcum.
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5 CHAPTER5: SEED VIABILITY, GERMINATION AND
SEEDLING ESTABLISHMENT OF THE CRITICALLY
ENDANGERED SUCCULENT, ADENIUM SWAZICUM STAPF
IN SOUTH AFRICA.

Abstract

Temperature is considered the most important enmemtal factor governing seed

germination. Maximum, minimum and optimal germioattemperatures for

Adenium swazicum were determined under controlled conditions. Tzetiam

staining protocol tests were used to determine gizdulity. Seedling emergence and

establishment experiments were carried out in 25cm seedling trays under 40%

shade netting in ambient nursery conditions attheveld National Botanical

Garden (LNBG) in Nelspruit and at the Skukuza iedigus nursery in Kruger

National Park (KNP), Mpumalanga, to compare gertionaesults between the two

localities. Germination medium, moisture requiretsedepth of sowing and the

effect of shading on seedling emergence and eskahéint were determined under
ambient nursery conditions in the LNBG. Seed Vighivas significantly different
between seed samples, with population A in 2009igathe highest percentage of

viable seed (85.8+2.11%) compared to seeds calléaien population C in 2009

(69.6+2.19%) and 2010 (49.9+2.37%; ANOVA;1F=58.29; P < 0.0001; n = 18).

The highest percentage seed germination was obtamder 25°C and 20/30°C

alternating temperature (both 90 + 3.33%). No geation was recorded at 5°C and

10°C, with limited germination recorded at 40°C (28.05%). The optimal
germination temperature fér. swazicumis 25°C and 20/30°C alternating

temperature, although high germination percentages also reached at 20°C (86 +

3.36%), 30°C (86 + 3.36%) and 35°C (82+3.8%). d&enination and seedling
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emergence / establishment had three main chamstatsrihigh germination
percentage between 20°C and 30°C; a rapid gerramedie; and seedling
establishment is highly dependent on shade. Sepditeadily emerged irrespective
of the soil media tested or depth of planting,@ligjh seedling establishment was
highly dependent on the presence of shaitkenium swazicum has a transient soill

seed bank and seeds do not appear to display amadoy mechanism.

Keywords: Apocynaceae, germination medium, germination teatpeg, mean

germination time, shading, soil seed bank, timeit@imum germination.

5.1 INTRODUCTION
Two basic alternatives that limit plant recruitmentlude the availability of viable

seed and the availability of suitable microsites/aich seedling establishment is
possible (Eriksson & Ehrlen 1992). Temperaturenissidered the most important
environmental factor governing the maximum germarapercentage and rate of
germination and germination is usually only possibithin well-defined temperature
limits (Heydecker 1977 cited in Mattana et al. 20&@rcia-Huidobro et al. 1982).
This leads to a consideration of the cardinal taatpees, which include the
maximum, minimum and optimum temperatures. Themph germination
temperature for a species is characterised by maxigermination in the shortest
time, while no germination will occur beyond maximand minimum temperatures
(Probert 2000). Once a species’ cardinal temperatare reached, some species have
a fast germination response to rain, with thesegasnination responses favoured by
rainfall patterns that lack long intermittent drbtigeriods (Fennel & Thompson

2005). Choinski & Tuohy (1991) found that 90-100%0l ophosper mum mopane,
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Acacia tortillis, A. karoo andCombretum apiculatum seeds germinate within 4-5 days

at 30C.

Soil seed banks can be classified as transienhiohaseed stocks disappear within a
year of dispersal, or as persistent seed banksiichveéeeds remain in the soil for
more than a year (Thompson & Grime 1979). Theges of seed in soil seed banks
can play an important role in the persistence gfecies, since seed will be available

for regeneration even in years with no seed yiBhskin & Baskin 1998).

No research has been conducted on the seed gaonjreded dormancy and seedling
establishment oA. swazicumin Southern Africa. The aim of this study was to
understand seed germination, seed dormancy antingeestablishment through the
following objectives:

» Determine seed viability &&. swazicumand compare seed viability between
A. swazicum populations;

e Determine optimum, minimum and maximum germinatemperatures foh.
swazicum;

* Determine Mean Germination Time (MGT), minimum titeeonset of
germination (Tin), and time to maximum germinationa(z) for set
temperature intervals;

« Determine the importance of soil medium, depthlahfing, moisture stress
and shading on seedling emergence and establishameht

« Compare germination response and seedling estat#ighunder nursery

conditions within and outside the natural distribntrange ofA. swazicum.
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5.2 MATERIALS AND METHODS
5.2.1 Seed collection and storage

In total 411 seeds were collected in total, 147 &ndeeds from population A in 2009
and 2010 respectively, and 177 seeds from popul&io 2009. The seeds were
stored under ambient conditions, in brown papeslzghe Lowveld National
Botanical Garden in Nelspruit, Mpumalanga. A pénvas obtained from
Mpumalanga Tourism and Parks Agency to export ¢deels to the Kew Millennium

Seed Bank Project, Wakehurst, England.

Seeds used for seedling emergence and establiskexpariments conducted under
ambient nursery conditions were collected in Oat@®d.0 from population B and C.
All seeds were collected at the point of naturapdrsal by securing nylon stockings
over developing follicles, securing both ends lightith a cable tie to avoid seed
dispersal by wind. The seeds were stored undereatn@onditions, in brown paper

bags at the LNBG.

5.2.2 Seed viability

Standard tetrazolium staining protocol was useassess the percentage of viable and
non-viable seeds. The initial tetrazolium testseamnducted with 27 seeds from
each of the three different seed batches, thisveliicfor 25 seeds for the test as well
as an additional two seed per locality for cuttxgeriments and error. Seeds were
prepared for the TZ test by placing them in 50mamuéter petri dishes, which were
suspended over distilled water inside an airtigimtainer for 24 hours and at 20°C.
After 24 hours, the seeds were transferred to 9@hmameter petri dishes, which
contained 1% agar solution and stored at 20°Cradalitional three days. In
preparation for staining the seeds were placedbistip vials containing 2, 3, 5-

triphenyltetrazolium chloride solution and each was wrapped in heavy-duty
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aluminium foil to prevent reaction to light. Thils were incubated at 30°C in an
8/16 hour light/dark cycle for two days. At thedesf day two, the seeds were
removed from the vials, washed with distilled wated evaluated immediately using
recommendations by Peters (2000). Seed viabilay based on tissue characteristics
and divided into one of the following categorieat{P& Dadlani 2009):

* Sound/Viable: Seed was firm and could be removeah the woody seed
coat without damaging the seed inside. Tissuestased gradually and
uniformly without distinct boundaries (Figure 5.1a)

* Weak viable tissue: Seeds were firm and coulceb®wred from the
woody seed coat but stained tissue had a mottleelaapnce (Figure 5.1b);

* Non-viable tissue: Seeds were soft, mush, and auatithe removed from

the woody seed coat (Figure 5.1c). Tissue wadfamhate to chalky

white colour (Figure 5.1d).
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Figure 5.1: Seed viability ofAdenium swazicum based on a standard tetrazolium
staining test with (a) sound/viable tissue indicatig gradual staining, (b) mottled
appearance of weakly viable tissue. Non-viable sge was (c) soft and could not be
removed from the woody seed cover, or (d) tissueddnot stain and had an off-white
appearance.

5.2.3 Seed germination

Seed germination experiments were conducted in 20h@ at the Kew Millennium
Seed Bank Project laboratory. Seeds were noetteatrinsed before germination
experiments. Seeds were placed in 90mm petri slisbietaining agar solution within
nine different environmental control incubatorsatean 8/16 dark/light cycle at 5°C
temperature intervals between 5°C and 40°C asasedine alternating temperature of
20/30°C. A limited number of seeds were availdbiegermination experiments,
especially from population A (2009), and thereftie more extreme temperature
intervals of 5°C, 10°C, 15°C and 40°C were noteegor population A (2009) but
only used seeds from population C collected in 28492010 (Table 5.1). Seeds
from population B and D were not available at iheetof these experiments.
Temperatures selected for the experiments werallmstemperatures found across
the natural distribution oh. swazicum.

Table 5.1: Number of petri dishes and seed usedpeplicate for a particular

population to determine germination response oAdenium swazicum at various
temperature intervals.

Temperature Population C 2009 Population A 2010 Population A 2009
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40°C 3 (petri dishes) x 5 (seeds) 2x5 0

35°C 3x10 2x5 3x10
30°C 3x10 2x5 3x10
25°C 3x10 2x5 3x10
20°C 3x10 2x5 3x10
15°C 3x5 2x5 0
10°C 3x5 2x5 0
5°C 3x5 2x5 0
30/20°C 3x10 2x5 3x10

Germination scoring was done three times a dathfee weeks or until 100%,
germination success was achieved. Germinatiordetsed as emergence of the
radicle. Final germination scores were based ocepeéage of viable seed that

germinated.

5.2.4 Seedling emergence

Seeds for emergence experiments were collectedgogpulation A, B and C during
2009 and 2010 and stored under ambient conditiorispwn paper bags at the
LNBG. Germination tests were carried out in 25kr2 seedling trays under 40%
shade netting in ambient conditions outside atthBG and at the Skukuza
indigenous nursery in Kruger National Park (KNPpWwhalanga. Germination and
seedling emergence for all experiments was scaned a week on Fridays, for eleven
weeks between the $9anuary 2010 and $&f April 2010. Seedlings were scored
as emerged once the cotyledons were visible atbe/ground. The following

seedling emergence experiments were conducted:

Germination medium:

To test the effect of germination medium on segdéimergence and establishment,
three germination media were used: (a) 100% sepdiin (Braaks, South Africa),
(b) mixture of 50% seedling mix (Braaks, South éd) and 50% river sand, and (c)

50% river sand mixed with 50% red, loamy soil otea from the grounds of the
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LNBG. All three trays were watered once a day seells were planted 5mm below

the surface.

Depth of planting:

To assess the influence of planting depth on segéimergence and establishment,
three identical trays were prepared with the 108&gbng mix (Braaks, South Africa)
and seeds were planted (a) on the surface, (b) Beton the surface, and (¢) 10mm

below the surface. The trays were watered on@ya d

Available moisture:

The effect of available moisture/watering regimeseedling emergence and
establishment was determined by preparing fourtidartrays with 100% seedling
mix and seeds planted 5mm below the surface. rBlys tvere watered (a) once every
14 days, (b) every seven days (once a week), @ydtiree days and (d) kept moist

in the mist house having automated sprayers praducimist spray for 20seconds

every 2 hours, 24 hours a day.

Shading:

The effect of shading on the emergence and estatdist of seedlings was
determined by planting 58. swazicum seeds in full sun in the LNBG and preparing a
25cm x 25cm tray covered with 40% shade netting) tie same soil medium (100%
seedling mix - Braaks, South Africa) and placingekt to the open area experiment.

Trays only received natural rainfall (no artificimatering).

To determine if there was a difference betweergtrenination results for studies

conducted within the distribution range (Skukuza]j autside the distribution range
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(LNBG), three identical germination experimentsghree trays were prepared on the
12" of October 2010. Two trays contained seed catbftom population A, while
the third tray contained seed collected from papataC. Two trays, one containing
seed from population A, while the other containeel4eed from population C, were
kept in the nursery at LNBG while the third trayhieh contained seed from
population A was taken to Skukuza nursery in KMf.three trays were prepared as
follow:

e Soil medium: 100% seedling mix;

* Depth of planting: 5mm below the surface;

* Watering: Daily at 14:00;

e Shading: In nurseries, under 40% shade net.

Seedling emergence was scored on a daily basi&@@ between 12of October

until the 1¢" of November 2010, Monday to Friday. Total seeglimergence was
expressed as a percentage of the total numbeed$ sewn per treatment. The mean
maximum temperature recorded in Nelspruit and Skalduring the experimental
period was 27.2 + 0.86°C and 32.6 + 0.90°C, winé&erhean minimum temperature
was 15.0°C + 0.38 °C and 17.7 + 0.59°C respecti(leNP Scientific Services;

Lowveld NBG weather records; TuTiempo weather; \Wakeather Online).

5.2.5 Statistical analysis

Mean germination time (MGT) was calculated as fwllo

MGT = Y (G't)/Gn
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where G' is the number of seed which germinat@at t\. Gy is the maximum
number of seed that germinated at the temperattee/al (Heydecker 1977 in
Garcia-Huidobro et al. 1966). Germination percgesawere arcsine transformed
before analysis. Minimum time to germinatiomn) represented the time (hours) to
first germination per temperature interval, whilaé to maximum germination {Fy)
was time (hours) to maximum germination (only veabéed) per temperature

interval). One-way ANOVAs were used to compareNi&T between temperature

treatments followed by Fisher's LSD. A seriegybfests compared germination

under (a) different soil media, (b) depth of plagtand (c) watering regime under
nursery conditions. Results were generally reprtieskas mean + S.E. Statistical

analyses were conducted using Analyse-it for MiofioExcel (version 2.30).

5.3 RESULTS
5.3.1 Seed viability

The tetrazolium staining test revealed that thesis asignificant difference between
the percentages of viable seed from all three batahes. Seeds collected from
population A in 2009 had the highest percentagealfie seed (85.8+2.11%)
compared to seeds collected from population C 09269.6+2.19%) and seeds
collected from population C in 2010 (49.9+2.37%; @WA: F2,15=58.29; P <

0.0001; n = 18; Figure 5.2).
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Figure 5.2: The percentage of viable seed differesignificantly between the three seed
batches with population A having the highest percaage of viable seed (85.8 + 2.11;
ANOVA,; F,15=58.29; P < 0.0001; n = 18). Values with diffeng letters are significantly
different between seed batches (LSD, P<0.05; errtwars represent standard error of the
mean).

5.3.2 Seed germination

There was a significant difference in maximum sgeanination () among the
temperature treatments (ANOVAg E= 144.03, P < 0.0001; n = 22; Figure 5.3). The
highest percentage seed germination was (90 + 6%)ned under 25°C and 20/30°C
alternating temperature. No germination was resdet 5°C and 10°C during the
experiment, with low germination recorded at 154G £ 4.5%) and 40°C (26 +
4.05%). Although it appears that the optimal geation temperature fak.

swazicumis around 25°C and 20/30°C, high germination pesgas were also
reached at 20°C (86 + 3.8%), 30°C (86 + 3.3%) &f€C382_+ 3.8%). HencA.
swazicum has a relatively broad germination temperaturenoytn, which may reflect
its distribution range from Mpumalanga, Swaziland ozambique where summers
are hot. Minimum time (hours) to the onset of geation (Tmin) Was significantly
different among temperature treatments (ANOVAii= 17.80; P < 0.0001; n = 18)
with the shortest and longest-time to germinatexorded at 35°C (30.0 + 3.5 hours)

and 15°C (199 + 7.0 hours), respectivelysaxivas also significantly different
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amongst temperature treatments (ANOVA1f= 3.39; P = 0.034; n = 18) with
shortest and longest time to maximum germinaticonaded at 35°C (80 + 24.58
hours) and 15°C (236 + 30.10 hours), respectivieiyure 5.4). Temperature
treatments 5°C and 10°C were excluded due to O%nigation. Mean Germination
Time (MGT) was significantly different amongst teenature treatments (ANOVA;
Fe,11=4.76; P < 0.0104; n = 18) with the fastest M@&arded at 35°C (50.1+2.55
hours) while the longest MGT was recorded at 13°49456.8 hours). These results
indicate thatA. swazicumwill germinate rapidly once temperatures are betn2@C
and 35°C are experienced although the highest gatian percentages are achieved

at 25°C, 30°C and 30/20°C alternating temperatures.
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Figure 5.3: Maximum germination percentage (G) for Adenium swazicum under nine
different temperature treatments. No germination @curred at 5°C and 10°C with low
germination success recorded at 15°C (40+5%) and 4D (26.7+8.3%). Values with
different letters are significantly different between temperatures (LSD, P < 0.05; error
bars represent standard error of the mean).
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Figure 5.4: The course of cumulative germinationdr Adenium swazicum at (a) 5°C,
10°C, 15°C, 20°C and 25°C, as well as (b) 30°C, 8540°C and alternating temperature
20/30°C.

5.3.3 Seedling emergence and seedling establishment

It is acknowledged that seedling emergence wilelss than or equal to actual
germination percentages, as some germinated seghsmot emerge above the soil
surface. Seedling emergence percentages werasimilthe three soil media, 100%

seedlings mix (38%), 50% seedlings mix: 50% sa®ddBand 50% sand: 50% local

soil (30.6%) 2 = 1.83; P = 0.4005; Figure 5.5a) as well as depfilanting, surface

(26.5%), 5mm below surface (35%) and 10mm belovaser(26.5%) x>, = 2.32; P
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= 0.3135; Figure 5.5¢). However, seed plantedatrh below the soil surface
emerged two weeks after seed that were plantedeosdil surface and those planted
5mm below the soil surface (Figure 5.5¢). Watgime had a significant effect on
seedling emergence, with the highest emergencededdor the tray which was kept
moist (46%), followed by the tray which was wateceite every three days (24%).
For the tray which was watered once every sevesn,d#/4% of the seedlings

emerged, while no emergence was recorded for délyeathich was watered once
every 14 daysyfs = 64.75; p < 0.0001; Figure 5.5b). In most tresits, seedling
establishment (over an 11 weeks duration) was airtol seedling emergence, except

for the shading experiment in which 100% of the eyead seedlings died by week 2

(Figure 5.6) when in full sun (open).
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Figure 5.6: The percentage seedling emergence ainoll seedling establishment after 11 weeks for (aoil media, (b) watering regime, (c) depth of plaimg and (d)
shading for Adenium swazicum as determined under ambient nursery conditions athte Lowveld National Botanical Garden, Nelspruit, Sath Africa.
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Shading had an important effect on seedling suhth@agh 40% seedling emergence
was recorded in full sun as well as those under 4bé&tle netting, the seedlings in full
sun all died by the second week, while the seedlingler the 40% shade cloth
survived and became established. These seedleigsnet watered and received rain
only (36mm). This indicates that once minimum tenapures for germination (above
20°C) have been reached, (a) moisture is esseéntiaitiate germination, (b) emerged
seedlings do not require constant moisture to genand (c) shading is not essential
for emergence, but it is essential for seedlingldsthment. Seedlings observed in
the wild were located under the mother plant oeptlregetation which provided a
microclimate for the seedlings to become estabdist&ince adulf\. swazicum plants
were often recorded in full sun, it is possiblet tiie seedlings which germinate under
nurse plants (Figure 5.7) outcompete these plam@stone. It is however also
possible that the sodic soils with higher clay eancould retain moisture for a longer
period compared to the Braaks seedlings mix whiak uwsed during thex situ

experiments.
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Figure 5.7: Adenium swazicum seedlings in the wild were only re
plants and not in full sun.

| S

corded under nwge

Despite lower temperatures recorded at LNBG (2/0286°C) when compared to

KNP (Skukuza nursery) (32.6 + 0.90°C), MGT was &sirfor seed from population
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A (11.5 days) and population C (9.9 days) at LNB@ile the tray at Skukuza had the
longest MGT at 17.4 days (Figure 5.9). Final geation and seedling emergence
were high for both trays containing seed colledteth population A (LNBG-A =

82%; SKUK-A = 94%). However, low final percentaggrmination (42%) and
seedling establishment were recorded for seed fropulation C (LNBG-C) (Figure
5.9). Germination experiments conducted underrobletl conditions and subsequent
tetrazolium tests (see section 5.3.1 and 5.3.2aled low seed viability for
population C. Itis likely that the low seedlingnergence from population C was due

to low seed viability.
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Figure 5.8: The course of cumulative germinationiine (days) for Adenium swazicum.
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5.4 DISCUSSION
Tetrazolium tests revealed that seed viability sigsificantly lower in population C

when compared to seed from population A. This $ewd viability of population C

was also confirmed in seedling emergence expersneitlh final germination
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percentages of less than 42% recorded for seeected from population C compared

to more than 80% germination for seeds from popariad.

Greater production of non-viable seeds in poputeticould be related to inbreeding
depression and reduced fitness resulting from hgguasity which can be severe
enough to affect the viability of small and isotateild populations (Keller & Waller
2002 in Mattana et al. 2010). Population C caedisf approximately 140
individuals, which was the largest of the four s¢adpopulations, however this
population was also located more than 25km away tlee nearest known
population. Inbreeding depression and/or reduitedss could result in low seed set
(Ronce 2007; Cadre et al. 2008) which could explaénlow seed set in Population C
in 2009 and 2010. However, long term reproductramitoring is required to

determine if environmental conditions resultedaw lseed viability in 2009 and 2010.

Studies from savannas confirm that seed germinafieavanna species seldom
occurs below 10°C, while the optimal temperaturesbetween 20°C and 35°C
(Hoffman et al. 1989; Baskin & Baskin 1998; Stevehal. 2014). This was also
confirmed to be the case fAr swazicumwhere high germination success was
achieved at temperatures between 25°C and 35°@ nwigermination recorded at
10°C or 5°C and low germination recorded at 15°€ 40°C. Once suitable
germination temperatures were reached, seed gdramred A. swazicumwas
initiated within 48 hours. Rapid germination is@anmon occurrence for arid-

adapted plants, which allows the seed to take ddgarof short window periods
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when water is available (Wilson & Witkowski 1998aWs et al. 2002; Kos &
Poschlod 2010). In the presence of moistAreyazicum reached maximum
germination in less than 90 hours at 25°C, 30°C3&7€ and took slightly longer to
reach maximum germination (120 hours) at the aditéng temperature of 20/30°C
indicating that this species also has rapid gertiunao allow for germination in

short window periods of suitable conditions.

In situ seedling observations folerium oleander, a member of the Apocynaceae
family revealed that soil media did not affect garation, although seedlings in open
areas died soon after germination (Herrera 19%hg cultivation ofA. swazicum

from seed was highly successful, with the differsoit media tested having no
apparent influence on seedling emergence and estatent. The depth, at which
seeds were planted, did not influence final segddimergence, although seeds that
were planted 10mm below the soil surface took longemerge. This indicates that
A. swazicum seeds have the ability to germinate even if ibieted with soil and/or
litter. Bradstock & Auld (1995) found that soihnt@eratures in areas which have been
blackened and vegetation removed due to fire, cbelds high as 70°C. Although
soil temperature was not measured during this sitdylikely that the barren areas
associated with sodic sites will also reach veghhliemperatures. Shade was not
essential for germination and seedling emergert®ugh it appears to be essential
for seedling establishment in the wild. This wasfemed byin situ observations, in
which all seedlings were located underneath nuesgpwith no seedlings observed

in full sun during the survey period.
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There are four potential limiting factors in plaatruitment, which include limited
seed production, competition, microsites and henryiyCrawley 1990). Seed,
germination and seedling emergence experimenta. fawvazicum revealed that the
factors which are likely to limit recruitment fdris species are the availability of
microsites which provide suitable germination terapg&res and herbivory. It has
been suggested that the availability of microggggedominant in plant populations
(Fowler 1988; Crawley 1990) although Eriksson ahdén (1992) argued that the
dichotomy of seed versus microsite limitation igrohor importance in recruitment
limitation for certain species. Although germimatin A. swazicumwas triggered by
moisture and temperaturex situ seedling emergence and seedling establishment
experiments revealed that seedlings would onlyigarat suitable microsites that
provide sufficient shade. It should be noted thatrosite availability is episodic in
most habitats, and in many cases, the carryingeggpef an area might fluctuate
from generation to generation with seedling esshitient in woody plants likely to
be episodic (E.T.F. Witkowski unpublished; Crawl&®0). There were a limited
number of seedlings present in the four studiedifadions ofA. swazicum between
2009 and 2011, but all the seedlings recorded duhis period were located under
nurse plants or mother plants. However, it is fidsdigher seed germination and
seedling establishment could be recorded in sulesggears when microsite
conditions are more favourable. In addition t@ tlsuitable habitat patches close to

current populations, which were devoid of aaywwazicum during the survey period,
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could be colonized in years when there is an abwelaf seed and suitable

microsites.

Soil seed banks play an important role in plantytagon dynamics through the
maintenance and restoration of plant communitiessponse to environmental
disturbance (Ferrandis & Herranz 2001). Seed docyand the formation of seed
banks within the soil are important factors whichyent seed from germinating
under short favourable conditions, especially tasdhe end of a growing season
(Degreef et al. 2002). Plant species that fornd $mks usually have hard, seed
coats, which are impermeable to water enablingetspecies to spread their
germination over a long period of time (Degreeflef002; Venter & Witkowski
2013). The soft, woody outer layer of their seedsyell as rapid germination under
suitable conditions (moisture and temperature)cate thatA. swazicum does not
form soil seed banks. It was furthermore found fhawazicum seeds do not display
any dormancy mechanism although sedtinot germinate at temperatures below

10°C.
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6 OVERALL CONCLUSION

This concluding chapter aims to:

* Synthesize the results of this study indicating hiogvdifferent parts of the

study link to each other;
» Discuss the ecology &. swazicum based on the findings of this study;
¢ Recommend management actionsifositu andex situ conservation oA.
swazicum; and

« Recommend future research to aid in the conservafithis species.
6.1 GENERAL DISCUSSION
The risk of extinction is considered the greatesspecies which have small
populations and occur in restricted areas (Sha®éd; Gaston 2011), with many rare
and endangered species occurring in small, logalilations in a fragmented
landscape (Franzen & Nilsson 2009). This was lsacase foA. swazicumwith the
total population in South Africa comprising onlyTlknown individuals, spread over
17 populations in Limpopo and Mpumalanga Provindesge-scale habitat
destruction within the historic distribution rangeA. swazicum has resulted in
isolation of most populations occurring outsiddawfe formally protected areas.
When a population decreases, the reduction in iehdals threatens the genetic
diversity of the population, making the populatiarinerable to events that might lead
to its extinction (Van Dyke 2003). Small populatsomight also be more vulnerable
to the impacts from insect herbivory with some ssdevealing that plants which
sustained extensive herbivory had a significanticédn in number of flowers

produced (Ehrlen 1995; Pfab & Witkowski 1999a)sdats such aShrysolina
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(Naluhia) confluens (Gerstaecker) (Coleoptera: Chrysomelidae) (LeatiBge
Phymateus morbillosus (Linnaeus) andPhymateus viridipes (Stal) (Orthoptera:
Pyrgomorphidae) (Milkweed Locust) had a significempact on the production of
flowers in the studied. swazicum plants with an increase in herbivory resultingan f
fewer flowers produced per plant. The ability gflant to regenerate from taproots or
lignotubers after destruction of the abovegrourmaiss enables a species to persist
in ecosystems with recurrent disturbances (Paaé @090; Morena & Oechel 1991;
Bond & Midgley 2001).Ex situ disturbance experiments revealed that aflult
swazicum plants are strong resprouters even if abovegroants pre destroyed more
than once in the same season. Although this stesmrouting ability ofA. swazicum
enables it to withstand extensive herbivory, it basn found elsewhere that an
increase in fire intensity decreases survivorsiprieno & Oechel 1990; Lesica
1999). ltis therefore possible thatswazicumis restricted to sodic sites due to the
higher intensity fires occurring in the upland aipérian zones surrounding sodic
sites and that the higher intensity fires resuthm mortality of seedlings, juveniles

and even adult plants.

The reproduction (biology and ecology)Afswazicumwas largely unknown with no
previous studies done to determine the numbewowfdis and subsequent follicle and
seed production. Low insect activity was observeitbwering A. swazicum
populations although a fast flyirfgphingidae Linnaeus 1758 (Hawk Moth) was
observed af. swazicum flowers after dusk, just before complete darkneskitis

likely that this is one of the pollinators Af swazicum. The percentage of sampled
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plants that produced flowers in 2010 was signifilyadifferent between the four
populations, with 92% of the sampled plants in pafpon A producing flowers
compared to population B in which only 32% of sagagblants flowered. In the
same year, population A, which had the largesafldisplay, produced 221 follicles
from 3439 flowers, but due to follicle and seeddateon, only 19 of these remained
intact. Fruit (follicle) set (percentage of flowewxhich produced follicles) in 2010
was the highest in population B (11%) comparedojutations A (6.4%), C (6.2%)
and D (1%). However, population B produced sigaifitly more intact (unpredated)
follicles (X?3= 25.69; P < 0.001) than the other three populatinr2010. At the
same time, population D failed to produce any se@10 and it is possible that
isolation as well as small population size resuitedery low pollinator activity and
therefore reduced reproductive success for 201dspie the higher number of intact
follicles recorded in population B in 2010, popidatC released an estimated 2363

viable seeds compared to far fewer in populatiori2%), B (242) and D (0).

Tetrazolium tests showed that seed viability wgsificantly lower in population C
compared to seed from population A (ANOVA:; 6= 58.29; P < 0.001) and since
population C was located more than 25km away filoeiearest known population of
A. swazicum, it is possible that inbreeding depression and/duced fitness resulted
in low seed set and seed viability. High seed geaition success was achieved at
temperatures between 25°C and 35°C which is cemsistith studies conducted for
other savanna species (Hoffman et al. 1989; Ba&Waskin 1998; Stevens et al.

2014). The cultivation oA. swazicum from seed under ambient nursery conditions
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was highly successful, with the different soil neednd depth of planting having no
apparent influence on seedling emergence and estat@nt. However, the
emergence of seedlings was highly dependent ocavigability of moisture, while

shade was essential for seedling establishmenivaliry

6.2 CONSERVATION RECOMMENDATIONS FOR ADENIUM SWAZICUM
6.2.1 Legislation

A common misconception is that providing an endeegjspecies with legal
protection will save the species (Van Dyke, 200Bhe failure of legislation to

protect plant species in South Africa has beestiaied in medicinal plants (Botha et
al. 2004b) and cycads (Donaldson and Bosenberg, I28€ling and Hurter 2001;
Raimondo & Donaldson 2003; Retief et al. 201A3lenium swazicum has been
protected since 1983 under Schedule 11 of the Vaah&ature Ordinance (No. 12 of
1983), and subsequently under Schedule 12 of thenMfanga Nature Conservation
Act (Act No. 10 of 1998) as well as Section 56 &&ttion 57 of the National
Environmental Management: Biodiversity Act (Act 402004) (NEMBA).

According to the Threatened or Protected Specigsilgigons (TOPS), which were
published under Section 57(1) of NEMBA (Regulatidazette Number R.8638), the
principle requirement of TOPS is: “A person may cafry out a restricted activity
involving a specimen of a listed threatened orguntad species without a permit”. In
addition to this, nurseries and wildlife traderskwng to trade in any species listed on
TOPS were required to register the breeding fadifiirsery). Although the

protection ofA. swazicum has been well legislated, lack of enforcement teduh the
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continued decline oA. swazicum due to harvesting and habitat destruction with one
population reaching critically low levels betweddD8 and 2010 (pers. obs.).
Legislation also makes it increasingly difficultabtain permits, which tends to
discourage research on protected species, oftenghawsignificant impact on the
effective conservation of these species (Ralls &Brell 1989). This was also
applicable toA. swazicum since essential research questions regarding regeme
and propagation were dependant on “restricted iie8¥ which included the

following:

Picking parts of any specimen of a listed or pri@species (collection of

seed);

Exporting from the Republic (e.g. export of seethi® Kew Millennium Seed

Bank project for research and seed banking);

Having in possession or exercising physical cordv@r any specimerex situ
collections at the LNBG used for propagation arsfustbance experiments);

and

Growing, breeding or in any other way propagatirspecimen (propagation
activities at LNBG and Skukuza Nursery).

Research activities ol swazicumfor this MScwere conducted under the auspice of

the South African National Biodiversity InstitutSANBI) and research permits were

therefore applied for through the Department ofitmmental Affairs (DEA).

However, according to M. Boshoff (Deputy DirectaliBy Development: TOPS

regulations and CITES) (pers. comm. 2009), DEA a@sable to process the permit

application forA. swazicum since TOPS did not make provision at that stage, f
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research activities conducted by other governmemggnizations. Lengthy
discussions, which included using alternative regeaubjects, resulted in the issuing
of a permit for research activities dnswazicum by the Mpumalanga Tourism and

Parks Agency in 2009.

Ex situ approaches for conserving rare plant species iratothmercial propagation
and trade (Affolter 1997) for various reasons, ohwhich is to satisfy the
horticultural demand (Winter & Botha 1992; Shiréyak 2013). In contrast to this,
many conservationists believe that trade in enda&aggpecies will be a threat to that
species, and when uncertainty exists concerningripact of trade, a precautionary
approach is taken (Ginsberg 2004). The LNBG thinatgythreatened plants project
has been propagating threatened plants specieflyriosephalartos since the early
1990’s, and through this highly successful propaggtrogramme, more than 8 000
Encephalartos seedlings have been sold between 2006 and 2014 (es.). Sincé.
swazicumwas considered threatened due to collection faidustural purposes (TSP
2008), large numbers of propagated seedlings haee imade available to the public
since 2006. However, failure to register the LN&@ler Section 57(1) of NEMBA
as a trading nursery f@ét. swazicum has resulted in the withdrawal of this species
from the market. Subsequently, amendments to @S regulations has been
published for comment on the".6f April 2013 (Government Gazette No. 36375), in

which restricted activities make a distinction betn artificially propagated and wild

collected specimens and it is proposed that aeifyjcpropagated specimens can be

traded. Since my results show tAaswazicum can easily be propagated in large
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numbers and impact from the horticultural markes$ wansidered minimal at the time
of the surveys, it supports the trade in artifigigiropagated specimens Af

swazicum.

6.2.2 Ex situ conservation

Ex situ conservation is considered a tool to ensure theivairof a wild population
and should preferably be established within th&idigtion range or region of the taxa
(Rempel 1992; Guerrant et al. 2004). Irrespectifethe locality of theex situ
collection it should be managed so ensure miniwsd bf capacity for expression of
natural behaviours and loss of ability to lateriagharive in natural habitats (IUCN
SSC 2002; Taylor 2007)Ex situ collections play a critical and fundamental role in
combating extinctions (Maunder & Byers 2005) and thanagement ofx situ
populations must therefore minimize any deleterieffects associated witex situ
conservation such as loss of genetic diversityfi@al selection, pathogen transfer

and hybridization (Taylor 2007).

There are variousex situ conservation methods which include field genebdhksng
collections), in vitro storage methods and pollen banks (Laliberte 1997&
Pritchard 2009; Shirey et al. 2013). With morentBa00 Botanic Gardens around the
world, the contribution made by horticulturists emas discovering, documenting and
conserving plant diversity is substantial (Havehsale 2006). In South Africa’s
National Botanical Gardens, there has been an tetir conserve threatened

indigenous plants since the establishment of Kikstech National Botanical Garden
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in 1913 (Willis & Van Wyk 2006). The LNBG, which ag established in 1970,
collected 120 rare and endangered plants in 4G\@amtha et al. 2000). According
to W. Froneman (pers. comm. 2014), the total nunabeare and endangered plant
species currently in LNBG is 150. One of theséisswazicum, which was first
collected as seed from wild populations in 2003hwitore than 100 of these adult
plants now growing in field gene banks in the LNBGhe use ofex situ living
collections/genebanks as conservation collecticmge tbeen questioned due to the
high risk of hybridization, introduction of pathageand inaccurate record keeping
resulting in the loss of original collection and/tcality information which is
essential for reintroduction (Guerrant et al. 2004y addition to this, it has been
argued that plants in living collections may evohegurally and shift their genetic
makeup into a modified form of its wild ancestoredo fertilization, pest control and
artificial watering regimes (Rempel 1992; Guerrantl. 2004; Havens et al. 2006).
Despite this, baseline data collected in botanicdgas can help develop an
understanding of plant behaviour, development aonevilp under various conditions,
which could be useful to understand plant biologg direct restoration efforts (Ali &

Trivedi 2011).

The ex situ collection of A. swazicum at LNBG provided valuable insight into the
effect of herbivory and fire o\. swazicum as well as establishing germination
parameters which explained limitations on seed geaton and seedling

establishment in the wild. However, since fielahgleanks/living collections require a

great deal of space as well as substantial finamei@stment linked to intensive
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management, futurex situ conservation activities fok. swazicum should rather focus
on seed banking and augmenting field populationthabthey have at least minimum
viable populations. The Kew Millennium Seed Bamkjéct in England is the largest
collection ofex situ wild species and currently holds more than 27 (@ties (Ali &
Trivedi 2011), 1 500 of these are of threatenedeeric or useful species from South
Africa (Willis & Van Wyk 2006). Seed banking prolas a low cost, effective and
efficient way to protect a wide range of divers(tyavens et al. 2006), however
Guerrant et al. (2004) caution against one-timdecthg efforts for seed banking
since the genetic characteristics of stored sedd aliange with time. Seed
collections spread over several seasons, will captwore genetic diversity since each
year the weather conditions will favour some gepesyover others, however seed
collection should not further endanger wild popuolas (Guerrant et al. 2014).
Follicle and subsequent seed productionAofswazicum in 2009 and 2010 was
significantly different between populations butcalgaried between the years in the
same population. It is not considered that seddatmn, spread over several seasons
will have a detrimental effect ol swazicum in the wild, if the total number of seed
collected at any time does not exceed 10% of tled peoduced. Furthermore, the
banking of seed collected from populations outsifieprotected areas should be
prioritized since these populations are faced waitih levels of habitat destruction

and exploitation.
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6.2.3 Recommendations for populations in protected areas

Based on the findings of this research study, itikely that the survival ofA.
swazicum in the wild will depend on the effective conseraatiof populations in
formally protected areas. Although exploitationfowazicum in formally protected
areas was not recorded during this study, it islyikhat medicinal plant harvesters
will focus on protected areas once the populatmnsommunal and private land have
been depleted. It is therefore essential that@odching patrols be conducted in
areas, which contained large populationsAofswazicum. In addition to this, the
following is recommended:

* Continued monitoring ofA. swazicum with special reference to follicle

production and seed set;
* Annual population counts to determine populati@mds over time; and
* Seed collection (not more than 10% of the viabledydor seed banking

spread over several seasons for all populations.

6.2.4 Recommendations for populations on private and comomal land

Populations outside of formally protected areasewepacted by habitat destruction
as well as harvesting for medicinal purposes. Mpapgulations and localities of
various plant species in South Africa have beenrgated for medicinal and
household use (Botha et al. 2004b; Williams et2813) andA. swazicum was no
different. One population (P) decreased by 80%wm years with other populations
also showing signs of harvesting. Botha et al04&) found that there was a large

informal traditional medicine market in Mpumalangath vendors operating mainly
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near taxi ranks and at pension markets. Althougith® et al. (2004a) did not
guantify the use ofAdenium species A. multiflorum and A. swazicum) within
Mpumalanga; vendors did trade in these speciesraichted that there was a higher
demand for fresh plants. It is therefore unlikéigt the harvesting oh. swazicum
will cease and since plants on communal land cabeosecured, enhancement or
restoration of these populations is not considemedliable option at this stage.
However, as part of Project MGU — Useful Plantsjéuatp twenty adultA. swazicum
plants were donated to the Mvagatini Primary sclaaiphcent to population P, which
has been decimated by medicinal harvesters. Thié @dnts were grown from seeds
collected from population O in 2003, and it is #fere likely that these plants will

produce and disperse seed into the natural are@siading the school.

Population C was located on a private sugarcane, farhich was surrounded by
communal land, and although no plants were hargast009 and 2010, numerous
shares were collected within the area wherawvazicum grew, and it is likely that this

population will be targeted in the near future. abidition to this, low seed viability
was recorded in seeds collected from this populatno2009 and 2010. Although
further research is needed to confirm this, itasgible that this population could be
suffering from inbreeding depression due to theimdaton of surrounding

populations.

157



Population D which was located within a residentia’elopment need to protected
through home owner education. In addition to tinmre research is required to

determine if the reproduction failure recordedhis tstudy is a long term concern.

6.3 FUTURE AREAS OF RESEARCH
From this study, several areas or further reselaaele been identified:

» Pollinator studies foA. swazicum to identify the primary pollinator(s) and
ensure its effective conservation;

* Monitoring of populations to determine reproductaver time;

* Genetic studies to determine the extent of inbreedn small, isolated
populations located outside of formally protectesbs;

* Determine the effect of fire on seedlings and juieeplants less than 24
months old;

» Distribution and population sizes oA swazicum in Mozambique and

Swaziland.
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APPENDIX A: DEVELOPING PROPAGATION PROTOCOLS
FOR MEDICINAL PLANTS IN MPUMALANGA FOR
CONSERVATION AND EDUCTION (PROJECT M.G.U)

PROPAGATION PROTOCOLS
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APPENDIX B: MEDICINAL PLANTS PROJECT GARDEN: A
PRODUCT OF THE UPP — PROJECT M.G.U

Welcome to the

Medicinal Plants Garden
A product of the UPP - Project MGU

People and plants: making the connection

People have relied on plants from the very beginning of time for everything from food
and building material to medication and spiritual health.

Some plants are more useful than others and through the ages have become popular
for various reasons. The Useful Plants Project was started in 2007 and targeted 120
plant species in the Lowveld of Mpumalanga for propagation, education and
conservation. This theme garden displays some of these species as well as other plant
species that are regularly used in South Africa for medicinal and spiritual purposes.

Remember there are many more useful plants out there, to many to fit into this small
medicinal garden.

The Useful Plants Project

Plants growing in their natural habitat are under increasing pressure due to habitat
destruction, climate change and collections for medicinal, horticultural and livelihood
purposes.All these aspects means that highly sought after medicinal plants are becoming
scarcer and harder to find, while some species have almost disappeared completely.

The Useful Plants Project identified 120 priority species in the Lowveld of Mpumalanga
based on their value in the medical trade, endemism, rarity and the method of harvesting.
Seed was collected from these plants in order to establish the most effective method to
grow the plants (propagation protocols), and secondly the seed was sent to the KEW
Millennium Seedbank in England to ensure that if the plants go extinct in their natural
habitat, it can be re-grown.

A member of the community was appointed to drive the project, and once he understood
the principles in growing these plants he conducted numerous workshops in the community
to transfer his knowledge. The plants that were grown in the Lowveld National Botanical
Garden was donated to schools in the local community, where continuous workshops are
being conducted to enable learners to propagate medicinal plants when needed, rather than
harvesting from the limited wild populations.

WARNING:
Please remember that traditional medicine is prepared by people with sound knowledge of the
properties and uses of the plants. Some plants can be harmful and downright dangerous if not
prepared and used correctly. Please do not use any of the plants in this garden.
Note: Neither SANBI nor the Lowveld National Botanical Garden takes any responsibility for injury,
iliness or deaths caused by the use of plants portrayed in this garden.

The Useful Plants Garden was made possible by the generous sponsorship of a Spanish
philanthropist and was implemented by a collaborative effort between the South African National
Biodiversity Institute - Lowveld National Botanical Garden and the Millennium Seedbank project of
the Royal Botanic Gardens, Kew.
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