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Abstract 

Apiculture in the Western Cape is a well-developed industry based on honey production 

and pollination services to agriculture.  Apart from Eucalyptus trees, fynbos vegetation serves 

well as bee forage to managed honeybee colonies outside the agricultural pollination season.  

Eucalyptus trees are cleared as invasive plant species while fynbos are rigorously protected as 

one of the 34 Biodiversity Hotspots identified worldwide.  Thus, bee forage is in short supply 

and is most probably the only limitation to the number of honeybee colonies that beekeepers 

can feasibly maintain. 

The impact of a collection of commercially managed honeybee colonies on other floral 

resource-dependent species in the Cape Floristic Region is unknown.  This is one of the first 

studies on the topic in South Africa and specifically in the Western Cape.  Managed hives 

were introduced to near pristine fynbos habitat in De Hoop Nature Reserve and Marine 

Protected Area during July.  The aim was to induce stronger competition for floral resources 

through greater resource exploitation by managed honeybee colonies and record the change in 

foraging behaviour for several insect guilds on specific plant species. 

The results suggest that eight hives per site proved insufficient to increase honeybee 

density above the natural density of honeybees.  Honeybee abundance did not increase during 

the presence of the managed hives, while honeybee visitation frequency was significantly 

greater during the presence of the managed hives.  Neither the abundance nor the visitation 

frequency of non-Apis bees and wasps differed significantly between treatments.  Honeybees 

were the most abundant foragers on the three focal plant species during all three treatments 

and also made the most visits to flowers.  Honeybee abundance and visitation frequency 

increased with distance from the managed hives.   

The significant increase in honeybee visitation frequency during hive presence, coupled 

with a significant decrease in the time honeybees spent per flower extracting nectar, were an 

indication of a lower standing crop of nectar during that treatment.  Nevertheless, no 

competition for floral resources was obvious, as the number of honeybees did not increase the 

abundance and visitation frequency of all other insect guilds (except for a significant decrease 

in Muscidae, which could be ascribed to changes in weather conditions). 

Cape honeybees are discussed as being an intricate part of the fynbos ecosystem while 

honeybee populations are in equilibrium with natural disturbances and available resources in 
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the environment.  Floral resource availability to non-Apis pollinators are considered in the 

light of nesting sites versus floral resources as the primary limiting resource governing the 

size of wild honeybee populations within protected areas.  This study proved that managed 

honeybee colonies introduced to fynbos vegetation had no influence on the foraging 

behaviour of flower visitors and thus did not bring about changes in competition for available 

resources.  The study established that a stocking density of eight managed hives introduced at 

a site for a short period of time (~ 1 month) did not bring about competition for the floral 

resources under investigation and could safely be employed for sustainable floral resource 

harvesting within fynbos vegetation. 
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Opsomming 

Byeboerdery in die Wes-Kaap is ‘n goed ontwikkelde industrie wat gebasseer is op 

heuning produksie en bestuiwingsdienste wat gelewer word aan die landbou sektor.  Afgesien 

van Eucalyptus bome, dien fynbos plantegroei as goeie byevoer vir bestuurde heuningby 

kolonies buite die bestuiwing seisoen van landbou gewasse.  Eucalyptus bome word uitgeroei 

as indringer plant spesies terwyl fynbos streng bewaar word as een van 34 biodiversiteits 

“Hotspots” wat wêreldwyd geidentifiseer is.  Dus is daar ‘n tekort aan byevoer wat heel 

waarskynlik die enigste beperking is tot die getal heuningby kolonies wat byeboere kan 

bestuur. 

Die impak van kommersiële versamelings van bestuurde heuningby kolonies op ander 

spesies wat ook van nektar en stuifmeel bronne afhanklik is, is nie bekend nie, veral in die 

Kaapse Blommeryk.  Dit is een van die eerste studies oor die onderwerp in Suid-Afrika en 

spesifiek in die Wes-Kaap.  Bestuurde Apis mellifera capensis Esch. kolonies is in De Hoop 

Natuurreservaat en Mariene Bewaringsgebied ingeneem gedurende Julie.  Die doel was om 

sterker kompetisie vir nektar en stuifmeel bronne te weeg te bring deur groter nektar en 

stuifmeelbron gebruik deur bestuurde heuningby kolonies en om die weidingsgedrag van 

verskeie insek groepe op spesifieke blomplante te ondersoek. 

Die resultate het bewys dat agt korwe per staanplek nie genoeg was om die heuningby 

digtheid te verhoog bo die natuurlike digtheid van heuningbye in die reservaat nie.  Die aantal 

heuningbye het nie vermeerder gedurende die teenwoordigheid van die bestuurde korwe nie, 

terwyl die aantal besoeke deur heuningbye beduidend toegeneem het gedurende die bestuurde 

korwe se teenwoordigheid.  Nog die hoeveelheid nog die aantal besoeke van nie-Apis bye en 

blom besoekende perdebye het beduidend verander tussen die verskillende behandelings nie.  

Heuningbye was die volopste besoekers aan die drie plant spesies gedurende al drie 

behandelings en het ook die meeste besoeke afgelê.  Die aantal heuningbye en hul besoeke 

aan blomme het vermeerder met afstand vanaf die korwe. 

Die beduidende vermeerdering in die aantal besoeke aan blomme van heuningbye 

gedurende die teenwoordigheid van die bestuurde korwe, tesame met die beduidende 

vermindering in die tyd wat heuningbye spandeer het om nektar uit blomme te suig, het gedui 

op ‘n laer beskikbaarheid van nektar gedurende hierdie periode.  Nieteenstaande, dit was nie 

duidelik dat enige kompitisie vir nektar bronne bestaan nie, omdat die aantal heuningbye nie 
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die aantal bestuiwers of die getal besoeke van ander bestuiwers vermeerder het nie (behalwe 

vir ‘n beduidende afname in Muscidae, wat toegeskryf kan word aan weersomstandighede). 

Kaapse heuningbye word bespreek as ‘n integrale deel van die fynbos ekosisteem, terwyl 

heuningby populasies in ekwilibrium is met natuurlike versteurings en beskikbare hulpbronne 

in die omgewing.  Die beskikbaarheid van nektar en stuifmeel bronne aan nie-Apis bestuiwers 

word oorweeg in die lig van nesmaak plekke teenoor nektar bronne as primêre beperkende 

bronne wat die grootte van wilde heuningby populasies beheer binne bewaarde gebiede.  

Hierdie studie het bewys dat bestuurde heuningby kolonies wat in fynbos plantegroei geplaas 

is, geen invloed gehad het op die weidingspatrone van bestuiwers nie, en dus geen 

veranderinge teweeg gebring het in die natuurlike kompitisie vir beskikbare bronne nie.  Die 

studie het vasgestel dat ‘n ladingsdigtheid van agt bestuurde korwe wat op ‘n plek geplaas 

word vir ‘n kort periode (~ 1 maand), nie kompitisie vir die nektar bronne onder inspeksie 

teweeg gebring het nie, en dat dit veilig aangewend kan word vir die volhoubare oes van 

nektar bronne binne fynbos plantegroei. 
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1. INTRODUCTION 

The Western Cape has the most well-developed large-scale apicultural practice in South 

Africa (Johannsmeier, 2001).  This is primarily because the region is a strong and important 

producer of deciduous fruit and crops that are dependent on pollination services for the 

improvement of the quality and quantity of the produce (Van der Merwe & Eloff, 1996).  

Thus, growers and beekeepers in the Western Cape are interdependent of one another for the 

success of their businesses and to insure viable income (Van der Merwe & Eloff, 1996; 

Allsopp, 1998).  Apiculture is not an industry on its own for it is indispensable to the 

agricultural industry in the Western Cape and ensures the proliferation of large scale and good 

quality agricultural production. 

Western Cape apiculturalists face the same problems that plague the industry worldwide.  

These problems involve incautious pesticide use (Johansen & Mayer, 1990; Allsopp, 1998), 

various diseases like parasitic mites and foulbrood (Morse, 1978), and the scarceness and loss 

of quality forage habitat (Osborne et al., 1991).  Western Cape beekeepers also face other 

problems unique to the region, like damage and loss caused by honey badgers that raid the 

hives placed in natural areas.  Theft and vandalism to hives are also a major problem (M. 

Allsopp, pers. comm.).  However, the number of managed honeybee colonies that can be 

sustained in the Western Cape is limited primarily by the amount of available forage that can 

sustain the colonies through winter (M. Allsopp, pers. com.).   

Crop pollination mainly takes place during spring and early summer when the orchards 

bloom (Van der Merwe & Eloff, 1996).  For the rest of the year, beekeepers relocate their 

hives several times to honey flows and different forage sites to maintain their colonies 

(Johannsmeier, 2001).  Bee forage in the Western Cape include available indigenous fynbos 

vegetation as well as exotic Australian Eucalyptus trees.  Eucalyptus cladocalyx or the Sugar 

Gum are the most important honeybee forage in the Western Cape (Van der Merwe & Eloff, 

1996) because of their vast nectar and pollen production (as its name suggests).  A few 

healthy trees can sustain a large number of bees for some time (M. Allsopp, pers. com.).   

Several Eucalyptus species are on South Africa’s list of declared weeds and invader plant 

species (Act No. 43 of 1983, amendment of 2001).  These include Eucalyptus camaldulensis, 

E. cladocalyx, E. diversicolor, E. grandis, E. lehmannii, E. paniculata and E. sideroxylon.  

All of them are classified as category 2 invader species, except for E. lehmannii, which is also 

classified as a category 1 weed in the Western Cape.  Category 1 plants are declared weeds 
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and may not occur on any land or inland water surface.  Category 2 plants are mainly grown 

for commercial purposes and are permitted to be grown in demarcated areas, since they are 

invader or emerging invader plants (Act No. 43 of 1983).  Since E. cladocalyx. is also a 

classified invader, land owners without a valid permit are obligated to clear it, and any other 

Eucalyptus trees occurring on their land.  Trees in natural areas and catchments are being 

removed by the Working for Water Programme which was initiated in 1995 by the 

Department of Water Affairs and Forestry, to address the water scarceness problem in South 

Africa by removing all invading water-thirsty species from water catchments and 

watercourses. 

Pinus and Eucalyptus have always been important tree species that have been used by 

forestry in temperate zones where they are planted outside their natural range, including in 

South Africa (Zobel et al., 1987).  Remnant Eucalyptus tree plantations are gradually 

disappearing while undeveloped areas in the Western Cape are transformed either by fast 

growing urbanization or intense agricultural practises.  Beekeepers are experiencing a loss of 

Eucalyptus trees which reduces scarce, good quality forage on which they are dependent for 

maintaining their colonies.  The listing of Eucalyptus species as invasive, remains unclear as 

they are far less successful as invaders when compared to other exotic introduced species 

within South Africa, like Pinus or Acacia (Richardson, 1998). 

As Eucalyptus offers the best forage and is allowed by law to be planted in demarcated 

areas by a permit holder, nothing prevents apiculturalists to buy land, apply for a permit and 

plant their own Eucalyptus plantations for the purpose of providing forage for their honeybee 

colonies.  The problem arises when remnants of indigenous vegetation are transformed, 

possibly irreversibly, to Eucalyptus plantations, as for example, in the West Coast district (M. 

Allsopp, pers. comm.).  This may not be a desired outcome for conservationists, and a better 

solution to the problem may be to find alternative species or vegetation types that beekeepers 

can utilize.   

Although certain selected patches of fynbos are already utilized by beekeepers, most 

regular patches of fynbos have proven not to have the capacity to keep honeybee colonies 

healthy and vigorous through the winter.  This may be because the flowering of fynbos 

species peaks during spring and summer, while 20% of the fynbos species flower during any 

one time of the year (Johnson, 1993).  However, it remains a fact that fynbos vegetation is 

still the primary location for beehives during resource-scarce times (Van der Merwe & Eloff, 
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1996).  Those winter flowering fynbos species that occur in fairly large communities 

nevertheless may have the capacity to sustain large managed honeybee concentrations.  

Protea repens are a good example, as some produce large amounts of nectar during winter, 

while most of them lack sufficient seed dispersal (Midgley et al., 2002) and thus may form 

large dense stands.  The typical stocking rate of Cape honeybee colonies in fynbos vegetation 

is approximately 20 to 25 hives per hectare in the Western Cape (M. Allsopp, pers. com.).  

However, according to Johannsmeier (2005) the appropriate stocking rate for fynbos 

vegetation to prevent overgrazing of available bee forage is not known and is still to be 

investigated. 

The natural vegetation of the Western Cape is extremely diverse (Goldblatt, 1997) and 

comprises various fynbos types, renosterveld and strandveld.  For the purpose of this study, 

the focus will be on autumn and winter flowering species that serves as nectar and pollen 

sources for honeybees during times of scarce resources.  A few authors recorded and listed 

indigenous as well as exotic plant species that serve as nectar and pollen sources to honeybees 

in South Africa (Burtt-Davy, 1911; Ferreira, 1952; May, 1969; Davidson, 1970; Murless, 

1994) while Johannsmeier (2005) dedicated his book to bee plants of the Western Cape.  

However, these include mainly trees, bushes, weeds and cultivated crops which are not fynbos 

species.  Merti (2003) documented various fynbos species that served as pollen sources for 

Cape honeybees in the Eastern Cape.  Metalasia muricata, Erica chamissonis, Crassula 

cultrate and Helichrysum anomalum were some of the most favoured indigenous pollen 

source plants recorded among exotic species like Eucalyptus grandis, E. camaldulensis, 

Acacia longifolia and Hakea sericea (Merti, 2003).  These species were listed with no specific 

connection to seasonality.  Some protea species that are also likely to be heavily utilized by 

Cape honeybees during winter are Protea repens, P. nerrifolia, P. compacta and P. 

obtusifolia.  They also produce large amounts of nectar, and usually occur in large stands.  

The winter-flowering Erica species that form large stands may also serve as good bee forage. 

However, managed honeybee colonies are restricted from most protected areas in the 

Western Cape.  This is because the impact on the immediate environment exerted by high 

concentrations of honeybees from a collection of hives is not known for habitats where the 

honeybee (Apis mellifera) is a native species, as in South Africa.  In contrast, many studies 

have been done during the past 36 years in countries where honeybees have been introduced 

as crop pollinators and in many cases become naturalized (Sugden et al., 1996).  Examples of 
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studies done to determine the effects, impacts and interactions of the honeybees on native 

pollinators and pollination are Roubik (1980, 1983), Schaffer et al. (1983), Roubik et al. 

(1986), Sugden & Pyke (1991), Paton (1993), Sugden et al. (1996), Thorp (1996) and 

Vaughton (1996), Huryn (1997), Kato et al. (1999), Roubik & Wolda (2001), Goulson & 

Derwent (2004), Paini (2004), Paini & Roberts (2005).  The papers by Sugden et al. (1996) 

and Huryn (1997) represent summaries of such studies and their results.  One of the main 

concerns underlying the reasons for these studies is the competition for a common resource 

between the locally-introduced honeybees and native bee species, though other flower-visiting 

insects may also be affected.  Other concerns include insufficient pollination of native plants, 

increases in plant hybridization, plants being physically damaged by the alien insects, and 

their contribution to alien plant invasions (Robertson et al., 1989; Buchmann & Nabhan, 

1996; Sugden et al., 1996). 

The rationale behind the restriction policy regarding the placement of commercial beehives 

on Western Cape provincial nature reserves is to preserve them as pristine natural areas 

through precluding any consumptive natural resource utilization (Bekker, 2000).  This reflects 

the general policy that the reserves can serve as benchmarks or yardsticks against which to 

measure the effect of consumptive resource utilization elsewhere in the environment (Bekker, 

2000).  Other reasons include the prevention of potential pathogenic, ecological or genetic 

threats and, secondly, to prevent the artificial removal of captured honeybee colonies (Bekker, 

2000).  However, the fact that these areas are free from commercial honeybees may assist 

with the execution of an experiment that is aimed at determining the impact and effect that 

concentrated honeybee colonies might have on these natural ecosystems (Bekker, 2000).  The 

fact that commercial beehives have been excluded from these natural ecosystems, presents an 

opportunity to determine the impact of congregated honeybee colonies on natural ecosystems 

that have not yet been subjected and changed by possible floral resource utilization in the 

past. 

Hence, the aim of this study corresponds with determination of the ecological impact of 

collections of managed Cape honeybee colonies (Apis mellifera capensis Eschscholtz) on 

natural ecosystems.  Large numbers of honeybees might have an impact on the local 

pollinator assemblage through competition and also on the community structure of vegetation 

through increased pollination.  Such an investigation calls for long-term studies aimed at 

detecting any effects on a population level by monitoring pollinator population dynamics.  
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Nevertheless, this study aims to assess the short term impact of a collection of managed Cape 

honeybee colonies on the local pollinator visitors of specific plant species and attempt to give 

guidelines for future studies. 
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2. POLLINATION 

2.1. Background Overview 

Pollination involves the simple action of the male gamete (pollen) of one individual of a 

plant species to reach and fertilize the female gamete (ovary) of another individual of the 

same species.  This mechanism ensures gene flow within the plant population and prevents 

inbreeding.  But since plants are immobile, the movement of pollen poses a challenge to 

which plants responded in different ways.  Pollen is dispersed through different pollen vectors 

which include the aid of water, wind and animals.  The distribution of a plant’s pollen is 

therefore very arbitrary and in most cases cannot be directed to conspecifics.  Specialized 

interaction of a pollinator to a plant species may however result in pollen being directly 

carried to other members of the same plant species. 

Today, angiosperms comprise an estimated 250 000 species (Stebbins, 1981; Heywood, 

1993) in comparison to ~ 758 species of gymnosperms (Dodd et al., 1999).  The plant 

structure thought to be the most involved in angiosperm speciation is the flower (Ehrlich & 

Raven, 1964; Stebbins, 1981;).  The co-evolution of insect pollinators and flowers is possibly 

the most important mechanism that explains the great diversity found in the insect and 

angiosperm taxa (Stebbins, 1981; Dodd et al., 1999; Ridley, 2004).  In fact, insects and 

flowering plants are the most dominant higher taxa on our planet today (Ridley, 2004). 

It is estimated that at least 67% of animal pollinated angiosperm species depend on insects 

as pollinators (Tepedino, 1979) while the rest are pollinated by other animal taxa, including 

birds, bats (Sazima & Sazima, 1978; Kress, 1985; Faria Vieira & de Carvalho-Okano, 1996; 

Machado et al., 1998), rodents (Fleming & Nicolson, 2002), opossums (Faria Vieira & de 

Carvalho-Okano, 1996), bush babies (Coe & Isaac, 1965), primates (Janson et al., 1981) and 

lizards (Whitaker, 1987; Traveset & Sáez, 1997; Olesen & Valido, 2004; Sazima et al., 

2005;).  While insects are the dominant pollinator taxa (Baker & Hurd, 1968; Capinera, 2004) 

bees are accepted to be the most important pollinators in most ecosystems worldwide 

(Williams et al., 2001; Shepherd et al., 2003) as they are thought to have co-evolved with 

flowers (Capinera, 2004).  All bee species are solely dependent on floral resources throughout 

their life histories (Buckmann & Nabhan, 1996).  There are more than 16 000 species of bees 

and are found on all continents except Antarctica (Michener, 2000).  Butterflies 

(Lepidoptera), wasps (Hymenoptera), beetles (Coleoptera) and flies (Diptera) form the other 

major insect pollinator taxa (Proctor et al., 1996). 
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Pollinators are keystone species within nearly all terrestrial habitats as they are essential 

for plant reproduction that results in diverse plant populations which provide food and shelter 

for other animals (Shepherd et al., 2003).  Furthermore, insect pollinators form the basis of 

energy rich food webs (Kearns et al., 1998).  Pollinators also serve as important indicator 

species of ecosystem health (Shepherd et al., 2003).  In addition, pollination is a regulating 

ecosystem service which is, along with other ecosystem services, strongly influenced by 

biological diversity (Días et al., 2005). 

 

2.2. The influence of pollinator behaviour on plant communities and flower diversity 

The foraging behaviour of animal pollinators is an important driver of plant architecture, 

floral morphology and the phenology of flowering, the diversity of sexual mating systems and 

plant population structures (Waddington, 1983).  Earlier explanations for the variety seen in 

floral structures and flower types (Johnson, 1996) considered the evolution of flowers over 

time in response to visits by various pollinators, to give rise to a range of floral syndromes, 

varying from being extremely generalized to being extreme specialists (Johnson & Steiner, 

2000).  This implies that the great diversity of floral types must be the result of extreme 

specialization between plant and pollinator.  However, field observations showed that most 

pollinators visit a variety of plants within a community and that most plants receive visits 

from a variety of pollinators (Chittka and Thomson, 2001).   

So why then the great diversity observed among flowers?  An additional explanation 

considers the flower constancy practiced by insect flower visitors which is also called 

“Darwin’s interference hypothesis” (Woodward & Laverty, 1992).  Flower constancy is the 

phenomenon where individual pollinators constantly visit the flowers of the same plant 

species or include a second plant species with very similar floral traits (Gegear & Laverty, 

2001).  Floral constancy may promote the diversity of flower morphology through plants that 

support the selectivity of individual pollinators by producing more distinctive flowers and 

thereby increasing pollination efficiency (Heinrich, 1975). 

Plant populations were thought to be linked through extensive gene flow (Wyatt, 1983).  

However, several studies revealed that gene flow through pollen dispersal is not extensive, but 

very restricted in range (Wyatt, 1983), especially for insect pollinated plants where an excess 

of near-neighbour mating have been found to be the norm (Meagher & Vassiliadis, 2003).  
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Most landscapes are characterised by spatial and temporal heterogeneity in terms of floral 

resource quality and quantity.  Spatially the Cape Floristic Region (CFR) is characterised by 

high beta-diversity (Goldblatt, 1997) which is earmarked by a high species turnover between 

habitats.  The flowering of plant species within the CFR occurs throughout the year, although 

with different species flowering at different times of the year. 

 

2.3. Pollination systems and their risk to extinction 

As said earlier, plant-pollinator interactions are not characterized by committed 

relationships between highly specialized species (Waser et al., 1996) but rather by highly 

connected pollination webs that shift in time and space (Bronstein, 1995; Memmott et al., 

2004).  The diverse and opportunistic mutual interactions between flowering plants and 

pollinators contribute to the resilience of pollination systems against linked extinctions 

(Waser et al., 1996).  Speculatively, pollinators are more at risk of anthropogenic extinction 

than plants since they are positioned at a higher trophic level, are small in size, have short life 

spans and lack perennial habitat (Tepedino, 1979; Kevan, 1991; Nabhan & Buchmann, 1997; 

Kearns et al., 1998; Renner, 1998).  Specialist pollinators occur in very low frequencies and 

abundances (Vázquez & Aizen, 2003) which render them to be at a greater risk of becoming 

extinct (Rathcke & Jules, 1993; Olesen & Jain, 1994; Bond, 1995; Gilbert et al., 1998), 

especially with the extinction of their host plants.  Therefore, specialized plant-pollinator 

relationships may be disrupted more easily than generalist pollination systems (Butz Huryn, 

1997). 

Therefore it can be implied that the reproductive success of a plant community would be 

most at risk when the more abundant generalist pollinators are removed from the system 

(Memmott et al., 2004).  Yet, model simulations have shown that even when highly linked 

pollinator species (generalists) are first to go extinct, the pollination network fails to collapse, 

with plant species diversity declining linearly (Memmott et al., 2004).  The tolerance of 

pollination webs to the removal of generalist pollinators is ascribed to nestedness (Atmar & 

Patterson, 1993; Bascompte et al., 2003) and the redundant use of pollinators by plants 

(Memmott et al., 2004).   

Plants and their associated pollinators vary independently in their degree of specialization.  

While the plant may be specialized, its pollinator may be generalized and vice versa (Waser et 
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al., 1996; Petanidou & Ellis, 1996; Newman, 2002; Bascompte et al., 2003; Memmott et al., 

2004).  Negative implications of this scenario involve the extinction of specialized plant 

species upon the disappearance of their generalist pollinators.  Also, locally rare plant species 

may be impacted negatively by non-obligate pollinator relationships through interspecific 

pollen transfer and competition for pollinator services with other floral attractants (Waser et 

al., 1996). 

 

2.4. Crop Pollination in Agriculture 

As mentioned before, pollination is a regulating ecosystem service which is vital for the 

reproduction of all flowering plants on earth (Shepherd et al., 2003).  Furthermore, pollination 

as ecosystem service is critical to human welfare (Días et al., 2005) since animal pollination is 

essential for the production of 87 leading global food crops worldwide (Klein et al., 2006).  

Even though 60% of global food production by volume is not dependent on animal 

pollination, 35% of all produced food worldwide is dependent on pollinators (Klein et al., 

2006). 

The honeybee (Apis mellifera) is the most important and principle pollinator of crops 

worldwide (Free, 1993) and contributed a total worth of US$ 5-14 billion in managed 

pollination services per annum up until the year 2000 in the United States alone (Kremen et 

al., 2002).  However, the number of honeybee colonies in the U.S.A. has declined almost 50% 

since 1950 due to diseases, liberal and incorrect use of pesticides, and the loss of subsidies 

(Kremen et al., 2002).  Pollinators in general are seemingly declining (Banaszak, J. 1992; 

Kearns et al., 1998; Steffan-Dewenter et al., 2002; Kremen et al., 2004; Biesmeijer et al., 

2006) and reports have been made of a global “pollination crisis” (Buckmann & Nabhan, 

1996; Dias et al., 1999) which include honeybees as well as other pollinator species.  These 

reports have also been criticized in the published literature (Ghazoul, 2005).   

Losey and Vaughan (2006) estimated a value of US$3.07 billion worth of pollination services 

to crops during 2001 – 2003 contributed solely by native pollinators which almost exclusively 

consisted of non-Apis bees.  While Klein et al. (2003) showed that highland coffee plantations 

had increased fruit set with an increase in the diversity of pollinating bees.  Greenleaf and 

Kremen (2006) determined that the abundance and species richness of wild bees foraging 

alongside honeybees on hybrid sunflower increased average seed set per single visit.  These 
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and other studies (Altieri, 1999; Westerkamp & Gottsberger, 2000; Kevan et al., 2002; 

Kremen et al., 2004; Klein et al., 2006) stress the importance of native pollinators in 

delivering pollination as an ecosystem service in food and crop production.  Therefore, habitat 

management should consider and implement the conservation of pollinators and pollination 

systems as a valuable and life supporting ecosystem service (Kearns et al., 1998; Dias et al., 

1999; Kevan et al., 2002; Shepherd et al., 2003).   
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3. INSECT POLLINATORS OF THE CAPE FLORA 

3.1. The Cape honeybee 

3.1.1. Taxonomy and distribution 

The Old world bee tribe Apini represents the true honeybees and includes a single genus-

group namely Apis (Michener, 2000).  The genus Apis has been numerously revised by 

several authors (Maa, 1953; Ruttner, 1988; Alexander, 1991a,b; Garnery et al., 1991; Willis 

et al. 1992; Engel and Schultz, 1997; Arias and Sheppard, 2005).  Today, 10 Apis species are 

recognised (Arias and Sheppard, 2005), including Apis mellifera Linnaeus, the western 

honeybee.  Twenty six Apis mellifera L. subspecies have been identified to date (Engels, 

1999; Sheppard and Meixner, 2003) with a bio-geographical range expanding across Africa, 

Europe and western Asia (Ruttner, 1988; Fuchs, 1998; Hepburn & Radloff, 1998). 

The distribution of the Apis mellifera subspecies A.m. capensis Eschscholtz or the Cape 

honeybee is confined to the mediterranean climate of the Cape Floristic Region at the 

southern tip of Africa (Hepburn and Radloff, 1998) which renders it endemic to the region.  

Its distribution coincides closely with the distribution of the fynbos biome and is biologically 

well adapted to the biotic, abiotic and climatic condition of the Western Cape (Worswick, 

1988; Hepburn & Jacot-Guillarmod, 1991).  The Cape honeybee is able to survive in its home 

range because of its ability to lower its rate of reproduction during cold and wet winters while 

forming compact clusters for thermoregulation (Hepburn & Jacot Guillarmod, 1991).  Cape 

honeybees can also escape unfavourable conditions in winter through absconding and has 

great and thorough forage intensity (Hepburn & Jacot Guillarmod, 1991).  Because A.m. 

capensis is a fynbos endemic and so well-adapted to conditions of the Cape Floristic Region, 

it is probably a major pollinator of fynbos plants (Whitehead et al., 1987; Johnson, 1992b). 

Ruttner (1976, 1977, 1988) developed certain criteria for the definition of A.m. capensis 

which included three characteristics namely the attribute of thelytoky, well developed 

spermathecae and numerous ovarioles in workers.   A.m. capensis is taxonomically separated 

from another southern African honeybee A.m. scutellata Lepeletier on the basis of 

morphological, reproductive, pheromonal and DNA traits and where these two species meet 

geographically, hybrid forms do occur (Hepburn and Radloff, 2002).   
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3.1.2. Biology 

Generally, Cape honeybee colonies swarm with the onset of spring (Hepburn & Jacot 

Guillarmod, 1991; Hepburn & Radloff, 1998) when most fynbos plants come into bloom 

(Johnson, 1992a; Hepburn and Radloff, 1995) and abscond and migrate in autumn and winter 

in times of nectar and pollen dearth (Attridge, 1913; Stuart-Findlay, 1927; Walter, 1939; 

Tribe, 1982; Hepburn & Jacot Guillarmod, 1991).  However, the flowering phenology within 

the fynbos biome varies considerably (Pierce, 1984) and generally there is a two month time 

lag in flowering from west to east, which is closely followed by Cape honeybee brood rearing 

cycles (Hepburn & Jacot Guillarmod, 1991). 

The Cape honeybee abandons brood rearing during winter to form clusters for effective 

thermoregulation to protect the colony against extreme and prolonged cold and wet weather 

conditions during the winter months in the south-western Cape (Hepburn & Radloff, 1998).  

Cape honeybees also abscond and migrate readily on warm berg wind days (Schulze, 1965) 

when floral resources become scarce.  This behavior enables them to exploit winter flowering 

species (Hepburn & Jacot Guillarmod, 1991). 

A.m. capensis Esch. workers are strong flyers just like most other African subspecies 

(Anderson, 1976; Hepburn & Radloff, 1998).  Worswick (1988) showed that A.m. capensis 

foragers were more successful than A.m. scutellata foragers under Cape conditions.  A.m 

capensis workers collected almost double the nectar volume and pollen mass as did A.m. 

scutellata colonies, with A.m. capensis colonies gaining mass while A.m. scutellata colonies 

had a net loss in weight (Worswick, 1988).  Hepburn and Jacot Guillarmod (1991) concluded 

that A.m. capensis colonies excel as intense and thorough foragers when compared to A.m. 

scutellata foragers.  A large percentage of the pollen gathered by A.m. capensis workers 

comes from only a few plant species (Hepburn & Radloff, 1998).  However, A.m. capensis 

colonies do not build up rapidly or to the size that A.m. scutellata colonies do, even though 

they are better pollen gatherers (Hepburn & Radloff, 1998). 

The honeybee is a generalist feeder with well-developed social communication systems, 

and is able to recruit a large work force to rich floral resources.  This makes it a strong 

competitor of other floral resource users (Moritz et al. 2008).  However, the natural density of 

wild honeybees is often disregarded when competition between managed honeybees and other 

pollinators are considered (Moritz et al. 2008).  Densities of between 12.4 and 17.6 colonies 

per km2 were estimated for A.m. scutellata in Gauteng, South Africa (Moritz et al. 2008).  
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McNally & Schneider (1996) estimated a density of about 4.2 wild colonies per km2 under 

various tropical and subtropical conditions.  Estimated densities of A.m. mellifera in Germany 

are much lower (2.4–3.2 colonies per km2) and closely resemble the average density of 

colonies kept by German beekeepers (Moritz et al. 2007).  This reflects the lack of suitable 

habitat for wild honeybee colonies in Europe due to intensive land management practices 

(Moritz et al. 2008).  However, the density of managed honeybee hives in the south-western 

Cape, a region with the most well-developed large-scale apiculture in Africa (Johannsmeier, 

2001), is about 0.86 hives per km2, which is less than one hive per square kilometre (Hepburn 

et al., 2004). 

A.m. capensis, as well as other African honeybee races, occupy hives set at 3 - 4 meters 

from the ground 9 - 10 times more than hives set on the ground (Hepburn & Radloff, 1998).  

This indicates a great preference for elevated nesting sites in trees which is often also spurred 

by frequent fires, periodic flooding and predators (Hepburn & Radloff, 1998).  However, the 

fynbos is characterized by its shrub like vegetation and lack of trees (Moll et al., 1980).  

Whitehead et al. (1987) argued that the lack of bees in the Cape region might be because of 

the lack of trees in fynbos vegetation.  Therefore, Cape honeybee population size is limited by 

the nesting sites available to them in the fynbos biome (Whitehead et al., 1987).  However, 

the riparian vegetation along many mountain streams in the fynbos are dominated by trees 

while Afromontane forests occur in kloofs along mountain ranges and offers sufficient nesting 

sites for bees (Johnson, 1992b), at least within catchment areas. 

The movement of the two South African subspecies across the country is prohibited by law 

(Hanekom, 1983) to prevent the parasitic attack of Cape honeybee workers on A.m. scutellata 

colonies (Van der Merwe, 1992; Härtel et al., 2006).  Anderson (1976) stated that workers 

with laying potential are common (up to 10%) in queen-right A.m. capensis colonies and also 

develop rapidly after the loss of the queen.  These workers are known as “pseudo-queens” and 

also produce “queen substance” (9-ODA) (Ruttner & Koeniger, 1976) that suppresses ovary 

activation in other workers (Moritz et al., 2000).  In A.m. capensis colonies few workers will 

become “pseudo-queens” while the other workers will remain suppressed and sterile (Moritz 

et al., 1996). 

A.m. capensis workers can parasitize and destroy A.m. scutellata colonies because the 

pheromones of A.m. scutellata queens do not suppress the mandibular gland secretions (QMS) 

of invading A.m. capensis workers and leads to the parasitic worker laying eggs and 
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producing its own offspring within the A.m. scutellata colony (Dietemann et al., 2006).  This 

phenomenon is also known as the “dwindling colony syndrome” (Allsopp, 1993; Hepburn & 

Allsopp, 1994).  However, Härtel et al. (2006) have shown that the social parasitism exhibited 

by A.m. capensis workers is a naturally occurring phenomenon within and between A.m. 

capensis colonies in their endemic range.   

 

3.2. Other pollinator taxa 

The general perception was that the diversity of insects in fynbos does not match the great 

diversity of the vegetation found in fynbos (Johnson, 1992b; Giliomee, 2003).  Giliomee 

(2003) speculates the lack of insect diversity in the fynbos is a result of fynbos vegetation 

being a poor food source for herbivores because of its sclerophyllous nature.  However, 

Procheş and Cowling (2007) found rich and distinctive insect fauna in several biomes of 

South Africa, including the fynbos biome.  For many fynbos plant species, including 

endemics and near-endemics, seed set is limited by pollinator activity (Wright et al., 1991; 

Johnson, 1992c; Johnson & Bond, 1997).  Steiner (1987) estimated that eighty three percent 

of fynbos plants are entomophilous (pollinated by insects).  However, though it seems that 

plants show many adaptations to animals, animals do not show the same adaptation to fynbos 

plants (Johnson, 1992b).  There appears to be a lack of direct co-evolved plant-pollinator 

relationships (Johnson, 1992b). 

 

3.2.1. Hymenoptera 

3.2.1.1. Bees 

Michener (1979) found that, although southern African bee diversity peaks in the western 

Cape, it does not merely match the diversity of the flora of the Cape region.  The Cape region 

hosts 23 bee tribes (Michener, 1979) including 9 families (Whitehead et al., 1987).  Long-

tongued bees found in the region include Anthophoridae, Apidae, Fideliidae and 

Megachilidae while short-tongue bee taxa are represented by the Andrenidae, Colletidae, 

Ctenoplectridae, Halictidae and Melittidae (Eardley, 1985).  Adrenidae, Ctenoplectridae and 

Megachilidae are regarded as principal pollen collectors (Eardley, 1985) while Fideliidae are 

oil-collecting bees (Whitehead & Steiner, 1985).  Many unrelated Cape flowering plants have 

highly modified flowers adapted for pollination by oil-collecting bees (Steiner, 1989).  
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Michener (1979) proposed that bee species in the western Cape are more oligolectic 

(specializing on a particular pollen taxon) than tropical African bees. 

Xylocopa (Carpenter bees, Apidae) are common in the fynbos region and are represented 

by 13 species (Watmough, 1974).  They fill the ecological role of bumble bees that are absent 

in southern African ecosystems by buzz-pollinating the flowers they visit (Johnson, 1992b).  

They visit a wide range of flower types while they also have the ability to manipulate the 

larger flowers of legumes and Amaryllidaceae (Johnson, 1992b).  The Melittidae genus 

Rediviva contains solitary oil-collecting bees that visit fynbos orchards (Steiner, 1989).   

Studies by Coetzee and Giliomee (1985) confirm that bees are not important visitors to 

Proteaceae inflorescence and may only play a minor role in the pollination of Protea species 

in the Cape region.  However, bees, including honeybees, are important visitors to Erica 

flowers, especially small bees like the allodapines and halictids which accounted for 29% of 

all visits to Erica flowers in a study done by Herrmann (1985).  Vogel (1954) estimated that 

63.5% of Erica species are adapted to be pollinated by bees (melittophile) while 30% are 

ornithophilous (bird-pollinated). 

 

3.2.1.2. Wasps 

Most adult wasps visit flowers to harvest nectar as food source (Whitehead et al., 1987).  

Wasps generally have a low fidelity to specific flowers because of their opportunistic foraging 

behaviour (Whitehead et al., 1987).  Unlike bees that are dependent on pollen as a source of 

protein, wasps are not obligate flower visitors (Whitehead et al., 1987).  Flower visitation of 

most wasps is confined to nectar feeding except for Masaridae that provide nectar and pollen 

to their progeny and might be important pollinators in southern Africa (Eardley, 1985).  

Higher order wasps like Polistes can forage on deeper flowers with their tube-like mouthparts.  

Their foraging ability is also enhanced by good colour vision, excellent sensitivity to time of 

day and odour cues (Faegri and van der Pijl, 1979).  Recent studies discovered specialized 

pollination by spider-hunting wasps (Pompilidae) of the genus Hemipepsis in Kwa-Zulu Natal 

that are unique to South Africa (Shuttleworth et al., 2007).  Plants in the Asclepiadeae tribe 

(Apocynaceae) (Ollerton et al., 2003) and some Orchidaceae species (Johnson, 2005; Johnson 

et al., 2007) are adapted to pompilid pollination.  This newly discovered floral syndrome 

might well be present in plants within the Cape Floristic Region, as observations have been 
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made of pompilid wasps frequently visiting fynbos plants (especially Apiaceae) whose floral 

characteristics match the described syndrome (F. Roets, pers. comm.). 

 

3.2.1.3.Ants 

Ants are not good at pollinating plants for various reasons, some of them being their 

general lack of mobility between plants and between flowers on the same plant and for not 

making contact with the anthers and stigma which generally render them nectar robbers 

(Whitehead et al., 1987).  Therefore, no effort has been made to study potential ant pollinators 

and ant pollinated plants in southern Africa (Whitehead et al., 1987).  Ants are more 

important as seed dispersers and salvagers in fynbos ecology (Bond & Slingsby, 1983).   

 

3.2.2. Diptera 

Diptera in the Cape Floristic Region is represented by a great diversity, especially among 

the anthophilous species (Bowden, 1978).  This group can be subdivided into four groups 

namely, generalized flies and midges which visit myiophilous flowers (flowers adapted for 

pollination by flies), muscoid flies pollinating carrion and dung flowers, bee flies mimicking 

bee behaviour at flowers and long proboscid-flies who’s visits are similar to moths and 

butterflies (rhinomyiophily) (Whitehead et al., 1987).   

Usher (1972) listed 82 Tabanidae species for the Cape Floristic Region with the tribe 

Philolichini being particularly well represented (Bowden, 1978).  Male and female Tabanidae 

adults feed on nectar in addition to the females that also feed on blood (Picker et al., 2004).  

Tabanidae, together with Nemestrinidae are thought to fill an ecological niche left vacant by 

butterflies in the fynbos biome (Vogel, 1954).  Many unrelated Cape flora taxa show 

specialized syndromes and adaptations for pollination by large hovering long-tongued flies 

and include members of important fynbos genera such as Pelargonium (Geraniaceae), 

Nivenia, Aristea, Gladiolus, Watsonia (Iridaceae), Erica (Ericaceae), Agapanthus (Alliaceae) 

and Disa (Orchidaceae) (Marloth, 1913-1932; Bezzi, 1924; Vogel, 1954; Rebelo et al., 1984; 

Goldblatt 1989;  Goldblatt & Bernhardt, 1990; Johnson, 1992b; Johnson, 1996; Johnson & 

Steiner, 1997) 
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Muscid flies have never been studied as pollinators in South Africa except for Vogel’s 

(1954) work on flies that pollinate carrion flowers which are more common in drier Karoo 

shrublands (Johnson, 1992b).  Morphologically and behaviourally, Bombyliidae and 

Syrphidae occupy a niche in fynbos pollination that could have been filled by apparently 

absent Hymenoptera species (Whitehead et al., 1987).  Both taxa mimic bees or wasps and 

also often show noticeable flower specificity (Barraclough & Londt, 1985).  Mydaidae and 

Empididae also show higher species diversity in the Cape Floristic Region (Bowden, 1978). 

 

3.2.3. Coleoptera 

Beetles are important flower visitors to the Cape flora (Johnson, 1992b).  Coetzee and 

Giliomee (1985) found a total of 45 insect species in the inflorescence of Protea repens (L.) 

of which 32 were Coleoptera.  Seventy percent of these were beetles of the family Halticidae, 

whereby they proved that small beetles are important pollinator vectors of Protea pollen.  A 

study done by Gess (1968) indicated that Coleoptera was the leading insect taxa sampled from 

a total of 200 insect species collected from Protea flower-heads.  The large Green Protea 

beetle, Trichostetha fascicularis (L.) (Scarabidae: Cetoniine) is an example of a beetle that is 

closely associated with the Protea genus and who’s distribution range matches that of 

Proteaceae distribution (Gess, 1968).  However, it also feeds on Leucospermum (Proteaceae), 

Brunia ( Bruniaceae) and Berzelia (Bruniaceae) (Whitehead et al., 1987). 

Monkey beetles (Scarabidae: Hopliini) are endemic to southern Africa (Scholtz & Holm, 

1985) while being most abundant in the karoo regions (Johnson, 1992b).  They commonly 

visit and pollinate plants of the families Asteraceae and Bruniaceae (Whitehead et al., 1987) 

while they have also been observed visiting Proteaceae inflorescence (M.R. Brand, personal 

observation).  Monkey beetles can be grouped into two pollination categories namely nectar 

feeders, including Anisonyx species, and pollen and flower eaters like members of the genera 

Dichelus, Heterochelus, Peritrichia and Lepithrix (Vogel, 1954).  Flowers of the Asteraceae 

family and the genera Protea, Berzelia and Brunia (Bruniaceae) may be considered ‘beetle 

flowers’ (Whitehead et al., 1987). 

Zonitinae (Meloidae) is a group of blister beetles that feed on nectar with modified maxilla 

(De Moor, 1985).  Other blister beetle taxa, especially Mylabris species forage on petals and 

are usually observed eating petals of Iridaceae flowers (De Moor, 1985).  Many other beetle 
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taxa might be potentially important pollinators of fynbos plants (Gess, 1968; Coetzee & 

Giliomee, 1985; Whitehead et al., 1987; Hatting & Giliomee, 1989). 

 

3.2.4. Lepidoptera 

Butterflies are very under represented in south-western Cape (Cottrell, 1985).  While 

Vogel (1954) reasoned that the lack of butterfly taxa in fynbos could be attributed to the lack 

of water in drier areas (Namaqualand and Karoo) and high wind velocity in the south-western 

Cape.  Cottrell (1985) argued that it is the sclerophylous nature of the vegetation with its low 

nitrogen content which renders it unsuitable host plants for phytophagous butterfly larvae to 

feed on.  However, a total of between 200 and 230 species of butterflies are within the Cape 

Floristic Region (Cottrell, 1978) which is more than the total of U.K. butterfly species but less 

than the diversity found in other climatic regions in South Africa.   

The butterfly Meneris tulbaghia (Satyridae) is one of the few specialist feeders which 

pollinates geophytes growing in high elevational zones and is the exclusive pollinator of 

Crassula coccinea L. (Marloth, 1915; Johnson & Bond, 1994).  The genus Capys 

(Lycaenidae) is also a fynbos specialist for its larvae feed on common Protea species.  

However, most other fynbos butterflies are not specialized feeders and few show floral 

preferences and are predominantly opportunistic (Johnson, 1992b).  Many butterflies 

demonstrate parasitic behaviour, aided by their long flexible probosces, by robbing flowers 

that are clearly adapted to visits by other pollinator taxa (Wiklund et al., 1979).  Adaptations 

to butterfly pollination involve long and narrow corolla tubes and inserted stamens to deposit 

the pollen on the proboscis of the butterfly (Johnson, 1992b; Johnson, et al., 1993). 

Flowers pollinated by moths, on the other hand, are pale coloured and evening-scented 

with many South African flora demonstrating these traits (Faegri & van der Pijl, 1979).  

However, moth pollination remains a poorly studied phenomenon (Johnson, 1992b; Johnson, 

et al., 1993; Giliomee, 2003), especially in South Africa and might be because of the 

difficulties experienced in observing moth pollination (Johnson et al., 1993).  Nevertheless, 

the diversity of nocturnal moths in the south-western Cape is relatively high (Whitehead et 

al., 1987) compared to diurnal Lepidoptera (1:3 ration) and coincides with the diversity of 

night flowering flora in the southern Cape (Vogel, 1954).  Johnson et al. (1993) confirmed the 
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pollination of Crassula fascicularis (Crassulaceae) by night-flying geometrid moths (Axiodes 

species). 
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4. RESEARCH STUDY 

4.1. Study objective and hypothesis 

The main objective of the study is to determine whether the foraging behavior of 

invertebrate anthophiles in fynbos habitat change in the presence of a collection of managed 

Cape honeybee colonies. 

H0: The abundance and visitation frequency observed per insect guild do not differ 

between treatments as a result of increased competition for floral resources 

brought about by introduced managed honeybee colonies. 

H1: The abundance and visitation frequency observed per insect guild differ between 

treatments as a result of increased competition for floral resources brought about 

by introduced managed honeybee colonies. 

 

4.2. Study Region and Study Site 

The Cape Floristic Region (CFR) is the richest and smallest of only six floral kingdoms of 

the world (Good, 1974; Goldblatt, 1978; Takhtajan, 1986).  It is classified as a biodiversity 

hotspot (Myers et al. 2000), hosting over 9000 plant species of which almost 70% are 

endemic to the region (Goldblatt & Manning, 2002).  Protected areas within the CFR region 

have been collectively declared as a UNESCO World Heritage Site in 2004 (Word Heritage 

Committee, 2004).  The vegetation of the CFR is similar to the vegetation found within other 

Mediterranean climates of the world and is characterized by the dominance of fine-leaved 

sclerophyllous shrubs, an absence of trees and a substantial abundance of geophytes 

(Goldblatt & Manning, 2002).   

Certain criteria had to be met in searching of a suitable site for studying insect activity and 

allowing the objectives of the study to be met.  A suitable site needed to be in a protected area 

within the CFR where past floral resource extraction has been prohibited.  The protected area 

also needed to be extensive enough to allow for evading edge effects caused by a potential 

presence of managed honeybee hives just outside the borders.  The prevailing climatic 

conditions of the area would also need to favor insect activity during the winter months, and, 

in addition, the vegetation would have to be able to support a number of artificial hives during 

this period.   
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Guided by these criteria, De Hoop Nature Reserve and Marine Protected Area (from here 

on referred to as De Hoop) was identified as being the most suitable protected area for the 

study (Dr. Peter Lloyd, pers. comm.).  It is a lowland reserve of over 38 105 ha (Lombard et 

al., 1997) along the coast between the Salt River and Breede River mouth.  De Hoop lies 

within the greater Bredasdorp-Riversdale Centre of Endemism (Cowling et al., 1992) and the 

landscape is characterized by a mosaic of different soil types (Cowling et al., 1992).   

The coastal lowlands of the Cape were subjected to repeated transgressions and regressions 

of the sea level during the Tertiary period, altering its extent, form and substrates continually 

(Hendey, 1983).  The geology within De Hoop is largely characterized by the Bredasdorp 

Limestone Formation ranging 50 – 250 m above sea level (Schloms et al., 1983a&b).  It is the 

oldest of the coastal marine deposits of the region, and is dated to be between 25 and 10 

million years old (Mio-Piocene limestones) (Mustart et al., 1997).  These limestone 

formations generated various soil types through advanced pedogenesis, which range from 

shallow, well-drained grey calcareous sands to red neutral loams of the Oakleaf (Oa 24) and 

Hutton (Hu 34) forms (Schloms et al., 1983b).  Steep slopes and convex crest positions hosts 

Mispah soil forms (Ms 22).  The limestone outcrops are enclosed by deep, weakly acidic and 

infertile colluvial sands (Cowling, 1990).   

Sandstone benches occur all along the coast and northern boarders of De Hoop and consist 

of parent material which is derived from local sandy colluvial deposits (Schloms et al., 

1983a).  They commonly deliver sandy podzolic, hydromorphic and highly leached soil forms 

like Houwhoek (Hh 30 & 20), Cartref (Cf 30 & 20) and Kroonstad (Kd 14).  Quartzose 

sedimentary rock and granite are characteristic of all south-western Cape mountains, 

including Potberg mountain in De Hoop.  Consequently, Potberg forms part of the Table 

Mountain Group (Cape Super Group) (Schloms et al., 1983a&b; Theron, 1983).  This 

material gave rise to highly leached, acidic and highly infertile sandy soils with the dominant 

soil forms being Cartref (Cf 30,20), Mispah (Ms 10), and Houwhoek (Hh 20,30) (Schloms et 

al., 1983a). 

The dominant vegetation type in De Hoop was recently classified as De Hoop Limestone 

Fynbos (FFI2) (Mucina and Rutherford, 2005).  Other vegetation types within the reserve are 

Overberg Dune Strandveld (FS7), Western Coastal Shale band Vegetation (FFb2), Potberg 

Ferricrete Fynbos (Fff2), Potberg Sandstone Fynbos (FFs17) and Cape Seashore Vegetation 

(AZd3) (Mucina and Rutherford, 2005).  Limestone fynbos is characterized by neoendemic 
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plant species that evolved through strong edaphic selective pressures (Cowling & Holmes, 

1992).  Taylor (1978) and Kruger (1979) classified limestone communities as proteoid 

fynbos.  The highly specialized and restricted nature of limestone plant communities (Willis 

et al., 1996) renders it one of the most threatened fynbos vegetation types (Hilton-Taylor & le 

Roux, 1989).   

De Hoop hosts an estimate 1 500 plant species.  Several limestone endemics distinguish 

the limestone proteoid fynbos vegetation (Mustart et al., 1997).  The Proteaceae are well 

represented and include endemics like Protea obtusifolia (Bredasdorp protea/limestone 

sugarbush), Leucadendron meridianum (limestone conebush), Leucadendron muirii (silver-

ball conebush) and Leucospermum truncatum (limestone pincushion).  The ericoid component 

is also rich, with endemics and examples from the Rutaceae family including Adenandra 

gummifera, A. obtusata, Euchaetis longibracteata and E. meridionalis, while the Ericaceae 

family is represented by limestone endemics like Erica mariae, E. propinqua, E. spectabilis, 

E. vernicosa and E. vestita. 

De Hoop has a Mediterranean-type climate, characterised by warm summers and mild 

winters.  It has an annual rainfall of about 380 mm, with August being the wettest month.  

East, west and southeast winds prevail in summer, while westerly and south-westerly winds 

occur in winter.  Measurements of the climatic conditions were taken during the study period 

and are reported and incorporated into the analysis of the data. 

Three sites were identified to serve as experimental replicates for the study (Figure 4.2.1).  

The age of the vegetation where the experimental sites were situated was between 11 and 15 

years for sites 1 and 2, and between 16 and 25 years for site 3 (De Hoop management).  Sites 

1 and 2 were located in the Dronkvlei area in De Hoop, a lowland plateau with an elevation of 

between 20 and 45 m above sea level.  Site 3 was located near Vaalkrans with a more 

undulating terrain ranging between 100 and 120 m above sea level.  Vegetation structure and 

composition at the first two sites could be described as being half a meter to 1 m tall on 

average, dominated by ericoid shrubs and restioids.  Vegetation at the third site was 1.5 

meters and taller, and dominated by large proteoid shrubs.  Acacia cyclops or Rooikrans, an 

invasive alien species from Australia was also present, occurring singularly or in clumps, 

thinly scattered in the indigenous vegetation at sites 2 and 3. 
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Figure 4.2.1.: The locations of the three experimental sites within De Hoop Nature Reserve 
and Marine Protected Area.  White lines indicate public roads; red lines 
indicate hiking or mountain biking trails which are also used by management 
vehicles.  The brown line linking sites 1 and 2 represents one of the 
management roads within the reserve.  (Image derived from Google Earth, map 
overlays of roads and reserve boundaries supplied by Tracks4Africa). 

 

Because fynbos has a high beta-diversity (Goldblatt, 1997) and because the replicate sites 

were situated at 3 and ± 5-7 kilometers apart respectively, one flowering plant species was 

selected as focal species at each of the three sites (Table 4.2.1).  These species were selected 

based on characteristics like the flowering time (phenology) of the species, its abundance and 

distribution.  The selected species would have to be in flower for at least three months during 

the winter season (the time of data collection), also be favoured as bee forage by honeybees, 

and be abundant or form fairly close stands of individuals to represent “harvest patches” to a 

colony of honeybees. 
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Table 4.2.1.: The three flowering plant species chosen as focal species at each replicate site.  
Adapted from Mustart et al., 1997. 

Site Species Family Phenology 
1 Diosma subulata Wendl. Rutaceae Apr - Nov 
2 Acmadenia obtusata (Thunb.) Bartl. & H.L.Wendl. Rutaceae Mar - Aug 
3 Cullumia squarrosa (L.) R. Br. Asteraceae Jun - Oct 

 

4.3. Experimental Design 

Eight managed beehives with active Cape Honeybee (Apis mellifera capensis) colonies 

were placed at each of the three replicate sites.  The number of hives placed at each site was 

suggested and preferred by the beekeeper who supplied the hived A.m. capensis colonies.  

From each location where the hives were placed (from here on referred to as “hive site”) five 

log distances were measured out using e3.31, e4.31, e5.31, e6.31 and e7.31 (27 m, 74 m, 202 m, 550 

m, 1500 m).  However, only one measurement was taken at each site for the first two 

distances (27 m and 74 m) because they were very close to each other, and the first distance 

(27 m) was too close to the active beehives and posed a safety risk.  Therefore, data were 

collected at only four distances namely 50 m, 202 m, 550 m and 1500 m (figure 4.3.1).  

Spatial distribution of communities of the selected plant species could not be found at the 

initial log distances measured from the hive sites at site 3.  Viable patches of Cullumia 

squarrosa populations nearest to the target distances of 202 m and 550 m could only be found 

at distances of 340 m and 606 m respectively.   

Table 4.3.1 gives the geographical detail of each site and its measured distances for data 

collection.  The data collected at four log distances from the hives represent a measure of the 

extent of the impact from the hive site.  Assumptions were that honeybees are log normally 

distributed around the hives (Wenner, 1991) and that they forage within a radius of 2 km on 

average (Anderson et al., 1983; Seeley, 1985).  At each distance six 1m2 plots were randomly 

set up so that a sufficient number of flowers of the respective focal flowering plant species 

(see table 4.2.1) were present within each plot and to which bees would be attracted. 
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Figure 4.3.1.:  The experimental layout of the hive site with measurements taken at different 
distances and an impact radius of 2 km accepted. 

 

 

Table 4.3.1.: The geographical information of the three replicate sites and the four log 
distances measured out at each site for data collection. 

Site Distance Latitude Longitude Elevation 
1   34°26'92.7" 20°26'32.5" 19 m 
 (27 m) 34°26'92.7" 20°26'34.3" 21 m 
 1 (74 m) 34°26'92.4" 20°26'37.4" 19 m 
 2 (202 m) 34°26'91.7" 20°26'45.5" 20 m 
 3 (550 m) 34°26'88.1" 20°26'68.0" 20 m 
 4 (1500 m) 34°26'65.0" 20°27'24.3" 36 m 
2   34°26'41.9" 20°28'32.2" 43 m 
 (27 m) 34°26'42.1" 20°28'30.5" 45 m 
 1 (74 m) 34°26'42.6" 20°28'27.5" 46 m 
 2 (202 m) 34°26'45.0" 20°28'19.5" 45 m 
 3 (550 m) 34°26'54.5" 20°27'99.6" 39 m 
 4 (1500 m) 34°26'62.9" 20°27'37.3" 39 m 
3   34°26'28.6" 20°34'82.8" 115 m 
 (27 m) 34°26'30.0" 20°34'82.9" 113 m 
 1 (74 m) 34°26'32.6" 20°34'83.3" 109 m 
 2 (340 m) 34°26'46.9" 20°34'84.7" 104 m 
 3 (606 m) 34°26'61.1" 20°34'87.0" 105 m 
 4 (1500 m) 34°26'95.9" 20°34'91.5" 97 m 
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4.4. Materials and Methods of Data Collection 

Data were collected on the same sites before, during and after the managed honeybee hives 

were present at each hive site.  Therefore, there are three “treatments”, a Before, During and 

After (managed honeybee hive presence) treatment.  The Before treatment served as the 

control treatment.  Data collection during the Before treatment commenced on 3 June 2008 

and continued during June 2008 after which eight honeybee hives per replicate site were 

introduced on 10 July 2008.  Data collection for the During treatment were conducted from 13 

July to 5 August after which the bee hives at site 2 were removed on 14 August, site 1 on 26 

and site 3 on 28 August 2008.  Data collection for the After treatment took place from 27 

August to 4 September 2008.  Unfortunately, Cullumia squarosa, the focal plant species at 

site 3 stopped flowering before data could be collected for the After treatment.  However, it 

didn’t affect data analysis substantially, as this was only a replicate site while data was still 

collected at the other replicate sites for the After treatment.   

The introduced honeybee hives housed healthy and active Apis mellifera capensis colonies 

(Cape honeybees) and were supplied by Mr. Johan van Eck, owner of Jogging Bee Honey 

Farms situated near Napier.  The hives were brought in from an undeveloped property 

adjacent to the western boarder of De Hoop and owned by Denel OTB Test Facility.  

Approximately 200 to 300 honeybee hives are permanently settled on this approximately 60 

000 ha of undeveloped fynbos habitat for fynbos honey production.  No other bee hives were 

known to be present near De Hoop’s remaining borderline, only possibly on the southern side 

of Potberg.  The hives were not known to be infected with any disease and since they were 

brought in from adjacent land they were not sterilized. 

A survey of potential pollinator taxa to be encountered during the observations were done 

by catching flower visiting insects with a sweep net and placing the specimens in marked 100 

ml screw top flasks.  Sampling was not restricted to specific locations, time periods, or 

specific plant species.  Specimens were kept frozen until being pinned and labelled.  Apoidea 

specimens were sent to the Agricultural Research Counsil – Plant Protection Research 

Institute’s pollinator identification services for identification by Dr. Connal Eardly.  These 

specimens were also deposited in his collection of bees.  The rest of the invertebrate 

specimens were deposited at the Entomology Museum in the Department of Conservation 

Ecology and Entomology at Stellenbosch University.  Specimens were identified to species.  

Plant species were also sampled for identification to aid the selection of suitable focal plant 
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species for the study.  Spreadsheets of sampled fauna and flora specimens were composed and 

handed to the scientific services department of CapeNature. 

Data were collected for the following insect guilds:  Honeybee (Apis mellifera capensis), 

other bee species (exclude honeybee) and nectar-feeding Hymenoptera (bees and wasps), 

Diptera (which included scores for Muscidae, Bombyliidae, Syrphidae, Empididae and 

Tabanidae), Meloidae and Formicidae.  Insect guilds were selected from the insect sampling 

survey and with consideration of the ease of identification.  Bee identification proved to be 

very difficult through pure observation in the field since most bees were morphologically 

closely related and are also strong and fast flyers.  Distinctions could only be made on the 

basis of morphology (body size and extremely divergent body colours).  It was also difficult 

to distinguish bees from wasps in specimens with body sizes of less than 7 mm.  Therefore all 

bees (except honeybees) and nectar feeding wasps were grouped into the same guild.  Data of 

the Dipteran guilds Muscidae, Bombyliidae, Syrphidae, Empididae and Tabanidae were 

combined to obtain a more robust dataset.  Meloidae was the only viable representatives of 

the order Coleoptera because they were mobile, while other Coleoptera species were 

predominantly stationary and therefore ignored.  Lepidoptera were scarce in terms of 

abundance and visitation frequency and were therefore neglected. 

Data were collected for two variables: counts of individuals (abundance) and number of 

visits (visitation frequency) for each guild within each 1 m2.  Counts were regarded as valid 

when the insect actively collected a resource, mostly nectar, from a flower.  Counts were 

made during ten-minute observation periods using a pair of Pentax Papilio 6.5 Extreme Close 

Focus binoculars.  Recordings of abundance indicated a change in the number of foraging 

individuals present on the selected plant species during each treatment.  If change does occur, 

it may be inferred that stronger competition for floral resources caused nectar availability to 

drop.  Or it may indicate that greater honeybee presence interfere with the foraging behaviour 

of their interspecific competitors for the same floral resource, leading to interference 

competition.  Number of visits recorded per 10 minute observation period indicated the 

availability of nectar. 

A Medalist professional sportsman stopwatch with 200 lap memory capacity (model nr. Js-

7065) was used to record the time individual honeybees spent to extract nectar from each 

visited flower.  This indicated nectar availability during each treatment.  The honeybee visited 

many flowers in a short time period and was therefore recorded as “time spent per flower”.  
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Data for “time spent on flower” were recorded sporadically for each treatment during the ten-

minute observation periods. 

Floral nectar secretion and re-absorption fluctuate with changes in environmental 

conditions (Beutler, 1953).  Microclimates and insect visits cause hourly changes in the 

concentration, composition and quantity of secreted nectar available in flowers (Butler, 1945; 

Corbet, 1978).  Foraging by honeybees and other floral resource dependent species are 

governed by the sugar concentration and volume of nectar available (Vasell, 1934; Butler, 

1945; Corbet et al., 2008).  Consequently, data were collected at three sessions during the 

day: Morning (11 – 12:20am), Midday (12:21am – 13:40pm) and Afternoon (13:41 – 

15:00pm) sessions.  This was done to analyse pollinator activity according to changes in 

weather conditions during the day and also to record all possible visits to the flowers.  To be 

sure of insect activity, the time windows of the daily sessions were selected to include periods 

where day temperatures reached or exceeded 20°C. 

Five individual measurements of the prevailing weather conditions were taken for each 10 

minute observation using a Kestrel4000 Pocket Weather Tracker (designed and manufactured 

by Nielsen-Kellerman, U.S.A.).  Weather parameters that were measured included wind speed 

(km/hour), ambient temperature (°C), relative humidity (%) and an estimation of percentage 

cloud cover.  Data were collected on days with similar weather conditions and which were 

favourable for insect activity, while days with cold, wet and windy conditions were avoided. 

 

4.5. Data Analyses 

The generalized estimated equations model (GEE) was used (because repeated measures 

experimental design were used) to analyze the data of abundance and visitation frequency 

using the GENMOD Procedure in SAS®statistics software (SAS Institute).  The dataset 

contained a high percentage of zeros with only a few non-zero points for both abundance and 

visitation frequency of several guilds, thus the data was not distributed normally and also 

could not be transformed.  Furthermore, the medians for all variables measured equalled or 

were close to zero, thus reporting means would not be very accurate for describing the data. 

Table 4.5.1 shows the distribution models used for each dependent variable with the link 

function, as well as the degrees of freedom, deviance and ‘deviance divided by degrees of 

freedom’ for each dependent variable.  Diptera visitation frequency and Muschidae and 
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Formicidae presence data fitted Binomial distributions that categorize data points as present 

or absent.  Honeybee abundance and visitation frequency, Bees and Wasps visitation 

frequency and Diptera abundance data fitted a negative Binomial distribution that uses 

untransformed data points better than a Poisson distribution (deviance/DF~1).  Bees and 

Wasps abundance data fitted a Poisson distribution that is commonly used for datasets where 

data collection involves counts. 

 

Table 4.5.1.: The distribution models used for each dependent variable, showing link 
functions, sample sizes, degrees of freedom, deviance, and deviance divided by 
degrees of freedom. 

Guild  Distribution Model Link 
function 

Sample 
Size DF Deviance Deviance/ 

DF 
Honeybee a negative Binomial Log 93 83 107.2 1.3 
 v negative Binomial Log 93 83 110.4 1.3 
Bees &  a Poisson Log 93 83 236.7 2.9 
wasps v negative Binomial Log 93 83 89.5 1.1 
Diptera a negative Binomial Log 93 83 97.6 1.2 
 v Binomial Logit 93 83 112.6 1.4 
Muscidae  Binomial Logit 93 83 97.5 1.2 
Formicidae  Binomial Logit 93 83 59.3 0.7 

a = abundance, v = visitation frequency. 
 

The deviance goodness-of-fit criterion was used to select the best model between negative 

Binomial and Poisson distributions (where deviance divided by degrees of freedom is close to 

1).  The collected weather data variables were incorporated as co-variants.  Co-variants were 

tested for cross-correlation.  The highest correlation was between temperature and relative 

humidity at -0.49, thus all co-variables could be included in the analysis.  However, weather 

data results should be interpreted with caution when used to explain abundance and visitation 

frequency data. 

Bombyliidae, Syrphidae and Empididae were regarded as absent since only a view data 

points were recorded for each in a dataset that consisted of a total of 533 observations.  

However, Bombyliidae, Syrphidae and Empididae data still contributed to the Diptera dataset.  

Meloidae data could not be tested because it was only present during a single treatment.  

Tabanidae data did not fit any distribution.  It might be because no data points existed for the 

After treatment.  However, reports will be made on the occurrence of Tabanidae and 

Meloidae since they are important for drawing conclusions in the study. 
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In addition to fitting negative Binomial or Poisson distributions, abundance and visitation 

frequency data recorded for honeybee and Bees and Wasps had fairly normal distributions.  

However, considering the fact that none of the treatments were independent of one another 

(same sites used for Before, During and After measurements) Poisson or Negative Bionomial 

distributions were favoured above normal distributions for analysis of significant differences 

between treatments. 

In addition to being incorporated as co-variants in the analysis of abundance and visitation 

frequency data, weather conditions were also compared independently to identify differences 

between treatments and time of day using ANOVA and Fisher LSD tests.  ANOVA and 

Fisher LSD tests were used to analyse the time honeybees spent per flower to extract nectar 

from each focal plant species.  Fisher LSD test was used as it is sensitive to possible 

differences between datasets.  However, conclusions are made with caution when referring to 

weather data in the Discussion.  For all analyses, P-values smaller than 0.05 were considered 

as significant. 

 

4.6. Results 

4.6.1. Species identification 

The taxonomic classification of the insects sampled in De Hoop is given in table 4.6.1.1.  

Specimens were identified to various taxonomic levels.  Table 4.6.1.2 shows the taxonomic 

identification of bees and wasps done by Dr. Connal Eardley from the identification services 

at the Agricultural Research Council in Pretoria.  Among the identified bees the unidentified 

Compsomelssa species is of particular interest since it could be new to science (Connal 

Eardley, pers. comm.).  Plants were mainly sampled for identification to identify suitable 

focal plant species for observations. 
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Table 4.6.1.1.: Taxonomy of the insects sampled in De Hoop Nature Reserve and Marine 
Protected Area. 

Order Family Genus 
Mantodea Hymenopodidae Harpagomantis tricolor 
Hymiptera Miridae  
 ?  
Neuroptera Mantispidae  
Coleoptera Scarabaeidae Diplognatha gagates 
 Buprestidae  
 Tenebrionidae  
 Meloidae (x 2)  
 Cerambycidae Promeces longipes 
 ?  
Diptera Bombyliidae  Bombylius analis F. 
  ? (x 3) 
 Empididae  
 Syrphidae Eristalodes taeniops 
 Syrphidae Syritta spinigera 
 Syrphidae Syritta sp 
 Muscidae (x 6)  
 Tachinidae  
 ? (x 3)  
Lepidoptera Sesiidae  
 Nymphalidae Dira clytus (L.) (x 2) 
 Lycaenidae (x 2)  
Hymenoptera Scoliidae Dielis datropus Soass. 
 Tiphiidae Myzinum sp (x 3) 
 Sphecidae Philanthus triangulum (x 2) 
 Megachilidae (x 2)  
 Formicidae (x 3)  

? means specimen was not identified to the relevant taxonomic level.  (x _) denotes the 
number of specimens sampled where more than one specimen was sampled. 
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Table 4.6.1.2.: Bee and wasp species sampled in De Hoop Nature Reserve and Marine 
Protected Area that were identified by Dr. C. Eardley of the Agricultural 
Research Council: Plant Protection Research Institute - Identification 
Services. 

Family Species Name Gender 
Long-tongued bees Male Female 
Apidae Allodape mucronata Smith 1 1 
Apidae Allodape rufogastra Lepeletier & Serville 6 2 
Apidae Allodapula dichroa (Strand) 1  
Apidae Allodapula maculithorax Michener  1 
Apidae Allodapula melanopus (Cameron) 1 3 
Apidae Amegilla obscuriceps (Friese)  1 
Apidae Apis mellifera Linnaeus  1 
Apidae Braunsapis acuticauda Michener  2 
Apidae Compsomelssa angustula (Cockerell) 3 1 
Apidae Compsomelssa ? 3  
Apidae Xylocopa caffra (Linnaeus)  1 
Short-tongued bees   
Colletidae Colletes sp. 1  1 
Colletidae Colletes sp. 2  1 
Colletidae Hylaeus sp.  1 
Halictidae Ceylalictus ? halictoides (Bluthgen) 2 1 
Halictidae Halictus (Seladonia) sp. 1  2 
Halictidae Lasioglossum sp. 1  2 
Halictidae Patellapis (Zonalictus) sp. 1  3 
Wasps    
Chrysididae Wasp   
Tiphiidae Wasp   

sp. 1 & 2 indicates one or a second species in the identified genus 
 
 
 
4.6.2. Changes in weather conditions during the study period 

Significant differences were found for each weather parameter measured during each 

treatment (table 4.6.2.1 and figure 4.6.2.1).  Wind speed was significantly faster after the 

managed honeybee hives were removed than during their presence (p = 0.0019).  Temperature 

differed significantly between Before and After treatments (p = 0.018).  Higher temperatures 

were recorded for the Before treatment and lower temperatures were recorded for the After 

treatment.  Relative humidity measurements for the After treatment were significantly higher 

than measurements taken for the Before (p = 0.001) and During (p = 0.0005) treatments.  

Percentage cloud cover measured Before hive presence were significantly higher than During 

(p = 0.001) and After (p = 0.017) hive presence. 
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Table 4.6.2.1.: The means and standard deviations of the four weather parameters measured 
during each treatment and each session. 

 N Wind speed 
(km/h) 

Temperature 
(°C) 

Relative 
Humidity (%) 

Cloud Cover 
(%) 

Before 173 6.71 ± 4.81 20.61 ± 2.32b 46.42 ± 11.92 20.09 ± 30.33d 
During 216 6.06 ± 4.27a 20.30 ± 2.70 46.40 ± 11.31 11.60 ± 18.60 
After 144 7.48 ± 3.32a 19.96 ± 2.28b 50.66 ± 10.68c 13.33 ± 26.51 
Morning 185 6.40 ± 4.21 19.64 ± 2.38f 49.31 ± 10.97g 15.59 ± 25.65 
Midday 165 6.26 ± 3.51e 20.98 ± 2.26f 45.54 ± 10.43g 11.70 ± 21.71 
Afternoon 183 7.27 ± 4.84e 20.38 ± 2.60f 47.60 ± 12.61 16.86 ± 27.70 

Letters in superscript (a – g) indicate significant differences between the marked means.  
Singly = differs from unmarked means, pair = differ from each other, three = each differs 

from the others. 

Weather conditions also differed significantly for different times of the day (table 4.6.2.1 

and figure 4.6.2.2).  Wind speed was significantly faster during afternoon sessions compared 

to midday sessions (p = 0.028).  Temperatures differed significantly between all three 

sessions (Morning-Midday: p < 0.0001; Morning-Afternoon: p = 0.0032; Midday-Afternoon: 

p = 0.0215) with cooler temperatures during morning sessions and hotter temperatures during 

midday sessions.  Relative humidity differed significantly between morning and midday 

sessions (p = 0.002) with greater relative humidity in the mornings.  Cloud cover did not 

differ significantly between times of day sessions. 

 

4.6.3. Insect guild response to weather conditions 

Insect guilds responded similarly to changes in the four weather parameters measured 

(table 4.6.3.1).  In general, abundance and visitation frequency declined with greater wind 

speed and relative humidity and increased during higher temperatures.  Honeybee abundance 

increased significantly with higher temperatures while responding negatively to increases in 

wind speed, relative humidity and cloud cover.  Honeybee visits increased significantly with 

temperature and decreased significantly with increased in percentage cloud cover.  The 

abundance and visitation frequency of Bees and Wasps decreased significantly with stronger 

winds and higher relative humidity.  As with the Honeybee, Bees and Wasps abundance and 

visitation frequency showed a significantly positive correlation to temperature.  Cloud cover 

had no significant influence on Bees and Wasps abundance or visitaton frequency. (table 

4.6.3.1) 
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Table 4.6.3.1.: P values that indicated significant responses in terms of abundance or 
visitation frequency to changes in the four different weather parameters 
measured. 

Guild Variable Wind speed 
(km/h) 

Temperature 
(°C) 

Relative 
Humidity 

(%) 

Cloud Cover 
(%) 

Honeybee abundance 0.0063 (-) <.0001 (+) 0.015 (-) 0.0436 (-) 
 visits - < .0001 (+) - 0.0057 (-) 
Bees & Wasps abundance 0.018 (-) 0.0002 (+) < 0.0001 (-) - 
 visits <.0001 (-) <.0001 (+) <.0001 (-) - 
Diptera abundance < .0001 (-) - - < .0001 (+) 
 visits 0.013 (-) - - - 
Muscidae  - - - < .0001 (+) 
Formicidae  < .0001 (-) - 0.003 (-) - 

(+) or (-) indicates a positive or negative response of insect guild to increases in weather 
parameter values 

 

Diptera activity responded significantly to wind speed because abundance and number of 

visits decreased with increase in wind speed.  Cloud cover had a significant positive effect on 

Diptera abundance.  Diptera exhibited no response to temperature or relative humidity.  Wind 

speed, temperature, and relative humidity also had no significant influence on Muscidae 

presence.  However, Muscidae presence increased significantly with greater cloud cover and 

correlates with the response of Diptera abundance to cloud cover.  Significantly fewer 

Formicidae were present during periods of high wind speeds and relative humidity (table 

4.6.3.1). 

 
4.6.4. Insect guild response relative to the different treatments 

 
Table 4.6.4.1.: P values that indicated significant differences in abundance and visitation 

frequency between treatments and sessions as well as the change over 
distance from the hives. 

Insect 
Guild 

 Before During After Morning Midday Afternoon Distance 

Honeybee a - - 0.0105 (-) - - 0.0007 (-) <.0001 (+)
 v 0.0466 (-) - 0.0002 (-) - <.0001 (-) 0.002 (-) <.0001 (+)
Bees &  a - - - - - <.0001 (-) - 
Wasps v - - - - 0.029 (+) <.0001 (-) - 
Diptera a <.0001 (+) - - - - - - 
 v - - - - - - - 
Muscidae  - 0.0093 (-) - - - - - 
Formicidae  <.0001 (+) - - - - - 0.0043 (+)

a = abundance, v = visitation frequency.  (+) or (-) indicates an increased or decreased 
abundance or visitation frequency during the specific treatment or session. 
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Honeybee visitation frequency was significantly less in the Before and After treatment than 

During managed hive presence (table 4.6.4.1).  While honeybee abundance also declined 

significantly After managed hive presence.  The beekeeper reported that the hives were 

definitely heavier when they were removed (Johan van Eck, pers. comm.) which indicated 

that the colonies have grown.  No significant difference could be detected in the abundance 

and visitation frequency of Bees and Wasps between the three different treatments.  

Significantly greater Diptera abundance was recorded Before the presence of managed hives, 

while no significant difference was found for visitation frequency between treatments.  

Muscidae showed a significantly lower presence During managed honeybee hive presence.  

Formicidae showed a significantly higher presence Before managed honeybee hive presence.   

 

4.6.5. Insect guild response relative to time of day 

Honeybee abundance decreased during Afternoon observations while significantly more 

honeybee visits were recorded during Morning sessions (tables 4.6.4.1).  Significantly lower 

abundance and visitation frequency were also recorded for Bees and Wasps during Afternoon 

observations.  Bees and Wasps visitation frequencies were significantly higher during Midday 

observations (tables 4.6.4.1).  Bees and Wasps abundance were not quite significantly (p = 

0.072) greater for the Midday session.  No significant differences were found for Diptera 

abundance or visitation frequency, and Muscidae and Formicidae presence between Morning, 

Midday and Afternoon observations (table 4.6.4.1). 

 

4.6.6. Insect guild response relative to distance from the managed honeybee hives 

Honeybee abundance and visitation frequency increased significantly with an increase in 

distance from the hives (table 4.6.4.1).  No significant differences occurred between distances 

for Bees and Wasps and Diptera abundance or visitation frequency.  Also, no significant 

difference occurred in Muscidae presence relative to distance.  However, Formicidae were 

significantly more present at farther distances from the hive sites.  
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4.6.7. Resource collection and the time honeybees spent per flower on nectar extraction 

All insect guilds collected nectar from the flowers of Diosma subulata, Acmadenia 

obtusata and Cullumia squarrosa.  The Honeybee and Bees and Wasps also collected pollen 

from the flowers of Cullumia squarrosa.  A total number of 1306 flower visitors were 

recorded.  Honeybees were the most abundant (74.7%) floral resource user recorded.  For the 

rest of the visitors, Bees and Wasps accounted for 15.2% abundance, Diptera (including 

Muscidae) for 7.4% and Formicidae for 2.7%.  Regarding the number of visits made, 

honeybees made 89.8% of a total of 11363 visits counted for all insect guilds.  Bees and 

Wasps made 5.3% of the visits, Diptera 4.5% and Formicidae were only 0.5%. 

The plant species selected here served well as subjects for observations of pollinator 

behaviour where honeybees are involved as major resource consumers.  Honeybees clearly 

targeted these plant species for floral resources during all three treatment periods.  Number of 

honeybee individuals and visits recorded for each plant species during the 10-minute 

observation periods are listed in table 4.6.7.1. 

 

Table 4.6.7.1.:  Honeybee abundance and visitation frequency recorded during the 10 minute 
observation periods for each focal plant species 

 Diosma subulata Acmadenia obtusata Cullumia squarrosa 
Total    
     Abundance 287 445 244 
     Visits 4869 4300 1035 
Average    
     Abundance 1.6 2.2 1.7 
     Visits 26.5 20.8 7.3 
    
Nr. of observations 184 207 142 

Data were not recorded during the After treatment for Diosma subulata and Cullumia 

squarrosa, only for Acmadenia obtusata (table 4.6.7.2).  Nevertheless, the time honeybees 

spent per flower differed significantly between Before and During treatments on both D. 

subulata (p = 0.0052) and C. squarrosa (p = 0.0018) with more time spent per flower during 

the Before treatment (table 4.6.7.1).  The time spent per flower on A. obtusata did not differ 

significantly between the Before and During treatments.  However, significantly more time 

was spent extracting nectar from A. obtusata After hive presence than Before hive presence (p 

< 0.0001). 
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Table 4.6.7.2.: The means and standard deviations of the time spent per flower (seconds) by 
honeybees during each treatment for each of the three focal plant species used 
during the study. 

a, b and c superscripts indicate significant differences detected between marked treatments 

Treatment Diosma subulata Acmadenia obtusata Cullumia squarrosa 
Before 3.2 ± 1.7a 1.8 ± 1.2b 4.9 ± 5.7c 
During 1.2 ± 0.5a 1.5 ± 0.8 3.6 ± 3.6c 
After - 3.3 ± 2.4b - 

 

4.6.8. Sporadic observations of forage behaviour 

A honeybee approached a Diosma subulata flower already occupied by a horsefly.  The 

honeybee casually moved on and did not attempt to displace the horsefly on the flower.  In 

another incident, where a honeybee approached a flower occupied by a different species of 

bee, the bee departed to make way for the honeybee.  A Megachilidae bee was seen chasing a 

honeybee, and in another incident, a large bee species attacked a honeybee approaching a 

floral resource.  Some smaller bee species demonstrated territorial behaviour on some 

occasions, guarding a selected flowering individual or patch of flowers by driving away any 

potential floral resource user approaching.  No observations were made of honeybees showing 

aggressive behaviour toward other flower visitors.  Ginsberg (1983) reported that he made no 

observations of aggressive encounters between honeybees and native bees of North America.  

However, Eickwort and Ginsberg (1980) did report non-aggressive physical displacement by 

honeybees. 

Swarming honeybee colonies were encountered on several occasions during the study 

period.  It is known that roaming colonies cause problems in the De Hoop area at this time of 

the year (July and August) when they move into buildings and other human structures (Mr. 

Johan van Eck from Jogging Bee Honey Farms, pers. comm.).  Honeybees build up their 

colonies during this time of abundant floral resources provided by fynbos vegetation.  

Honeybees were also observed to collect pollen from Restionaceae species. 

Another interesting observation is that when a honeybee visited a few consecutive flowers 

that did not bear nectar, it quickly abandoned the patch of flowers and left is search for 

another patch of flowers. 
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4.7. Discussion 

4.7.1. Insect pollinator activity with reference to the recorded weather conditions 

Although significant differences were found between the measured climatic conditions, 

comparison of the means of each weather parameter for each treatment showed that the 

greatest differences were 1.42 km/h in wind speed, 0.65°C in temperature, 4.26% in relative 

humidity and 8.49% in cloud cover.  Thus, the weather conditions were, in fact, very similar 

throughout the duration of the study. 

A. mellifera foragers are fully active at temperatures higher than 12-14°C and solar 

radiation higher than 300 w/m2 (Vicens & Bosch, 2000).  Vicens and Bosch (2000) also found 

that all insect pollinators recorded in an apple orchard in northeast Spain were active up to a 

wind speed of 21.6 km/hour (6 m/s) while all pollinator groups showed some activity at 

relative humidity below 90%.  It is thus clear that the weather conditions measured during this 

study falls well within the range of optimal foraging conditions for insect pollinators with low 

mean wind speeds, high mean temperatures, low to moderate relative humidity means and low 

percentage cloud cover means. 

 

4.7.2. Honeybees and other Apoidea flower visitors 

Cape honeybees were dominant flower visitors to the flowers of the three focal plant 

species throughout the study in terms of abundance, and especially visitation frequency.  Cape 

honeybees are, per se, endemic to the Western Cape where they are most probably the main 

pollinator species of many fynbos plants (Johnson, 1992). 

Honeybee foragers adjust foraging efforts to the best available floral resources on a daily 

basis, while concentrating on a few sources at a time for a short period of time (couple of 

days) (Visscher & Seeley, 1982).  Therefore, since many plant species were flowering in De 

Hoop during the time of the experiment, it is not surprising that honeybee abundance did not 

increase significantly During the presence of the managed hives.  The typical stocking rate of 

Cape honeybee colonies in fynbos vegetation is approximately 20 to 25 hives per hectare in 

the Western Cape (M. Allsopp, pers. com.).  This is similar to a personal observation of 

managed hives placed in fynbos vegetation near the Theewaterskloof Dam near Villiersdorp 

during the winter season in 2007 (figure 4.7.2.1).  Although, it should be noted that the 
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beekeeper involved with this experiment did not use typical stocking density, but rather 

distributed hives evenly across the landscape, at least on Denel OTB Test Facility property. 

 

 

 

 

 

 

 

 

 

 
Figure 4.7.2.1.:  Typical stocking rate density of managed hives in fynbos vegetation 

 

According to Johannsmeier (2005), the appropriate stocking rate for fynbos vegetation to 

prevent overgrazing of available bee forage is not known and is still to be investigated.  

However, this study proves that consigning eight managed hives to a site over a short period 

of time (~ 1 month) was not sufficient to increase honeybee abundance substantially above 

natural honeybee abundance on the focal plant species, and could therefore not induce 

competition for these floral resources.   

The null hypothesis can therefore be accepted for all insect guilds, which is that the 

abundance and visitation frequency observed per insect guild did not differ between 

treatments as a result of increased competition for floral resources brought about by 

introduced managed honeybee colonies.  Any significant differences in the presence, 

abundance or visitation frequency detected between treatments or daily sessions for the other 

insect guilds cannot be attributed to increased competition from introduced managed 

honeybee colonies.  This is because the number of foraging honeybees did not increase during 

hive presence which would cause competition for floral resources. 
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The slight differences in weather conditions (all days of data collection were more or less 

the same) had no major effect on honeybee abundance recorded for the different treatments.  

The fact that honeybee forager visitation frequency was significantly greater During hive 

presence may indicate a lower standing crop of nectar (Jones et al., 1998) during the treatment 

period.  Bees and Wasps abundance and visitation frequency also increased in the During 

treatment, although not significantly.  According to Jones et al. (1998), the length of time 

since the last visit to a flower should predict the amount of nectar it contains (standing crop), 

assuming that flowers secrete nectar continually.  Also, pollinators spend more time 

extracting nectar from flowers with more nectar (Hodges & Wolf, 1981; Zimmerman, 1983; 

Galen & Plowright, 1985).   

Thus, frequently visited flowers should have lower standing crops of nectar and receive 

visits of shorter duration than less frequently visited flowers (Jones et al., 1998).  Therefore, 

the increase in honeybee visitation frequency recorded for the During treatment correlates 

well with the decrease in time spent per flower by honeybee foragers recorded During the 

presence of the managed hives.  These results support findings of Jones et al. (1998) that the 

duration of pollinator visits increases significantly with the time interval since the flower had 

last been visited.  The results also show that lower nectar volumes were available to honeybee 

foragers During hive presence which might have been because of increased competition for 

floral resources.  However, no other insect guild showed changes in abundance or visitation 

frequency (except a decline in Muscidae presence) During hive presence.  This indicates that 

possible competition for nectar resources might be intra-specific between wild and managed 

honeybees rather than inter-specific (between honeybees and other pollinator species).  Apart 

from resource competition, several other factors might account for the apparent lower 

standing crop of nectar, including insect visit history and especially atmospheric humidity 

(Butler, 1945; Corbet, 1978). 

Honeybee visitation frequency peaked during Morning sessions with the lowest number of 

honeybee foragers recorded in Afternoon sessions.  In contrast, Bees and Wasps visitation 

frequency peaked during Midday sessions, while abundance and visitation frequency dropped 

significantly during the Afternoon.  Foraging by bees is limited by microclimatic conditions 

that permit sustained flight (Stone & Willmer, 1989).  Corbet et al. (1993) found variation 

between different bee species for foraging activity correlated with differences in ambient 

temperature and solar radiation.  They determined lower temperature thresholds for forage 
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activity for several social bee species.  While some bumblebee species had lower temperature 

thresholds (start foraging earlier and finish later) than honeybees, Alfalfa leafcutting bees 

(Megachile rotundata) had higher thresholds (16.5°C) than honeybees (Corbet et al., 1993).  

Paton (1993) also noted that many Australian native bees concentrate foraging activities in the 

middle of the day during higher ambient temperatures.  Resource partitioning between 

honeybees and other Apoidea foragers is noticeable in this study in the difference between 

times of day of foraging activity. 

Significant differences in honeybee abundance and visitation frequency at different 

distances from the hives, where greater honeybee abundance and visitation frequency 

occurred at farther distances, contradict initial assumptions of a log normal distribution of 

honeybees around the managed hives (see paragraph 4.3).  However, the statistical analysis 

did not consider different treatments or any other grouping variable during analysis and only 

offers a result of counts made at each distance.  It could be that measurements taken Before 

and/or After managed hive presence could have significantly influenced the results, showing a 

greater natural presence of honeybees at further distances from the hive sites, since the density 

of feral honeybees was already high.  Also, one of the data collection sites at 50 m from the 

hive site lacked a well-represented flower patch of Cullumia squarrosa which could have 

influenced the data.  Alternatively, it might suggest considerable competition for resources in 

the area closest to the hives.  Pyke and Balzer (1985) found similar results on surveyed 

honeybees and native bees at three distances from an established apiary.  They expected 

decreased honeybee density and increased native bee density with distance from the apiary 

but found that both honeybee and native bee density increased with distance. 

 

4.7.3. Diptera guilds 

Abundance and visitation frequency of Diptera were sensitive to windy conditions.  

However, Diptera abundance increased significantly with increases in cloud cover.  

Commonly, low temperatures and high relative humidity prevail during cloudy conditions; 

therefore nectars would be more diluted.  Insects vary in their capacity to imbibe different 

concentrations of nectar while nectar concentrations are highly correlated with ambient 

relative humidity (Corbet et al., 1979).  Overall Tabanidae was the most abundant within the 

Diptera guild (40.21%), and might explain the greater abundance of Diptera during periods of 

greater cloud cover.  Tabanidae, being long tongued, usually imbibe more diluted nectars of 

 65



approximately 30% sugar (Capinera, 2004) which is more likely to be available during 

periods of greater cloud cover.  Significantly greater cloud cover was measured for the Before 

treatment while Tabanidae accounted for 51% of Diptera abundance recorded during this 

treatment.  However, further research should investigate the influence of weather condition on 

the foraging activity of Diptera flower visitors. 

Muscidae presence also increased significantly with greater cloud cover and thus also 

contributed to greater Diptera abundance during periods of greater cloud cover.  In general, 

Muscidae was the second most abundant (36%) and made the most visits (59%) within the 

Diptera guild.  Interestingly, Muscidae presence was significantly less During hive presence, 

regardless of the favourable weather conditions that occurred.  This might be because of a 

lack of cloud cover resulting in more concentrated nectars. 

Bombyliidae and Syrphidae were hardly present, with only two and four individuals 

recorded respectively during the whole study period.  Empididae were also present in very 

low numbers, thus these guilds were regarded not contributing significantly to trends 

observed for the Diptera guild. 

 

4.7.4. Formicidae 

Ants also occurred in very low frequencies as nectar feeding visitors to flowers.  

Significantly more ants were observed Before hive presence with more ants observed farther 

away from the hive sites.  However, ants were not the main focus of the study.  Thus any 

conclusions should be made with caution.  Ants in general were not easily visible as visitors 

to flowers in the field.  Also, since most ants were recorded Before hive presence, significant 

differences found between distances does not reflect an impact that could be exerted by the 

presence of managed honeybee hives.  Fewer ants were observed during windy and rainy 

weather conditions.  (See section 3.2.1.3 for a summary of ants as pollination vectors). 

 

4.7.5. General comments 

The data for each treatment was collected during a period of about one month.  Thus, data 

were collected over a total period of about three consecutive months.  During this time, it was 

obvious that some insect taxa were present during the data collection time of one treatment 
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but not during the other treatments.  For instance, Tabanidae was present Before and During 

managed honeybee hive presence but was not at all present After hive presence, although the 

focal plant species continued flowering.  Meloidae was totally absent Before and During hive 

presence with a marked presence during the After treatment.  Kato et al. (2000) found that 

meloid beetle population dynamics correlated significantly with the flowering intensity 

observed 0-1 months earlier in a lowland dipterocarp forest in Sarawak, Malaysia.  However, 

in the study here, the focal plant species, that were also the most abundant flowering species, 

were already in flower for at least two months before the Meloid beetles appeared.   

These observations on short term (monthly) insect population fluctuations observed on the 

focal plant species could lead to two outcomes:  Firstly, floral preference might cause insects 

to target certain flowers at certain periods during the total flowering season, depending on 

availability.  Secondly, anthophile population size may fluctuate over short time periods 

(weeks / view months).  This specific study, considering monthly fluctuations of insect 

populations, should be concentrated on shorter periods of data collection.  On the other hand, 

different longer period studies should include proper preliminary census of all insects and 

plants and assess fluctuation in insect populations. 
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5. CONCLUDING REMARKS 

Paini (2004) reviewed 37 studies that investigated the interaction between honeybees and 

native bees.  Twenty eight of these studies used indirect measurements to determine the 

impact of resource competition between honeybees and native bees.  Measures often used by 

researchers to indicate possible negative impacts are floral resource overlap, visitation rates 

and/or resource harvesting (Paini, 2004).  This is also true for the research done in De Hoop.  

Paini (2004) argues that such research might indicate potential for competition but further 

studies on fecundity, survival or population density must be conducted to determine the long-

term survival of any species that are found to be in direct competition with honeybees.  In 

fact, studies determining the long-term survival of native bees in the presence of honeybees 

showed little evidence of a negative impact by honeybees (Butz-Huryn, 1997).  However, 

Paini and Roberts (2005) found that introduced honeybees in Australia reduced the fecundity 

of the native monolectic bee, Hylaeus alcyoneus, as it produced significantly less nests in the 

presence of honeybees. 

Anthophile species most likely to be impacted by resource competition from honeybees are 

those solely dependent on floral resources.  Species likely to be more sensitive would be 

short-tongued and monolectic bees (Schwarz & Hurst, 1997).  Short tongued bees would fill 

the niche most likely to be targeted by honeybees while monolectic bees are specialized 

feeders.  Studies determining change in pollinator populations are complicated because insect 

communities might differ considerably in diversity and density over space and time (Roubik, 

2001; Williams et al., 2001).  Nevertheless, future studies should focus on more vulnerable 

groups of taxa while incorporating sufficient replication and being conducted over several 

seasons (Sugden et al., 1996).  Intraspecific competition between natural honeybee colonies 

and managed colonies should also be considered. 

Turpie et al. (2003) calculated that the indirect use of fynbos contribute a total value of R 

593.9 million towards honey production and orchard pollination services in the Cape Floristic 

Region.  An estimated 73,000 hives are kept in the Western Cape while approximately 80% 

are dependent on the indigenous vegetation for sustenance throughout the year (M. Allsopp, 

cited by Turpie et al., 2003).  Beekeeping is also totally dependent on a supply of wild 

honeybee colonies obtained from their fynbos habitat (Turpie et al., 2003).  Western Cape 

beekeepers also recognise the potential for honey production from fynbos vegetation (Johan 

van Eck, pers. comm.).  Natural ecosystems are perceived by beekeepers to be in or reach a 
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state of equilibrium rapidly, because when hives are introduced to a natural habitat, the 

colonies will come into equilibrium according to the carrying capacity of the environment 

(amount of floral resources available) through swarming and absconding (Hepburn, 1993) 

within a couple of days from being introduced.  This creates a natural limit to which a habitat 

can be stocked with beehives. 

The growth and expansion of wild populations are usually restricted by a limiting resource, 

which is the resource in shortest supply.  In the natural fynbos environment, a limited number 

of suitable nesting sites available to wild honeybee colonies and could be a possible limiting 

resource that confines wild honeybee population size (see section 3.1.2).  Theoretically, this 

gives other pollinator species a competitive advantage in competing for floral resources they 

share with honeybees.  Wild pollinator populations and natural pollination systems possibly 

reached equilibrium according to this scenario. 

When bee hives are placed in fynbos vegetation, the honeybee population is enlarged 

artificially.  The availability of floral resources now becomes the limiting factor for the 

population size the habitat can sustain.  The floral resources previously available to other 

pollinator populations are now being depleted by the additional honeybee competitors.  This 

competition represents a disturbance of the original natural equilibrium.  The question is how 

would wild pollinator populations respond to the disturbance? 

Theoretically, all other competitors for a single resource should be out competed or 

displaced by the best competitor for that resource (Tilman, 1982).  Honeybees are strong 

competitors for floral resources (see section 3.1.2).  The response of anthophile populations 

will depend on the intensity and duration of the disturbance and their ability to resist it, return 

back to the original state of equilibrium or find an alternative state of equilibrium.  If the 

disturbance is long term, pollinator populations might shrink and retract to niches in the 

environment where less competition occurs.  In extreme cases, species may even become 

extinct.  If the disturbance is short term, it will depend on the resilience of the populations to 

return back to their original state of equilibrium while other populations might even resist 

change.  However, Connell (1978) hypothesised that intermediate disturbance to a habitat 

brings about the greatest species diversity.  Although Scheffer et al. (2001) warns that 

ecosystems exposed to gradual changes (including biotic exploitation) often show little 

impact while the underlying resilience of the system are being reduced to a point where the 
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system switches to an alternative state during stochastic events.  While switching to an 

alternative state may not be a problem, the loss of species would be. 

South Africa’s biodiversity is protected under the National Environmental Management: 

Biodiversity Act (NEMBA) (Act No. 10 of 2004).  NEMBA describes “bioprospecting” as 

research, development, or applications employed to commercially or industrially exploit 

indigenous biological resources.  Therefore managed beehives in natural habitat may be 

regarded as bioprospecting.  NEMBA’s objectives are to provide for “the management and 

conservation of biological diversity; the use of indigenous biological resources in a 

sustainable manner; and the fair and equitable sharing among stakeholders of benefits arising 

from bioprospecting involving indigenous biological resources”.  In other words, existing 

generations may benefit, through responsible and sustainable use, from the protection of our 

indigenous biological resources for future generations. 

Managed honeybee colonies gathering nectar and pollen from fynbos plants can also be 

regarded as harvesting a natural resource.  Several other products are sustainably harvested 

from fynbos vegetation.  Examples include wild flowers and Cape reeds.  Abalone is 

sustainably harvested from local resources in the Kogelberg Biosphere Reserve.  However, 

there is a general lack of research on the impact harvesting has on the populations of the 

species harvested or species dependent on it.  The Cape Action Plan for the Environment 

(CAPE) stresses the need for further research to determine sustainable levels of resource 

harvesting to assist ecoregional conservation management and planning within the CFR 

(Younge & Fowkes, 2003).  Sustainable harvesting need to be regulated and monitored. 

The current mandate of conservation authorities is to protect biodiversity and preserve 

natural areas as pristine through the prevention of consumptive natural resource utilization 

(see chapter 1).  However, the study here proved that managed honeybee colonies introduced 

to fynbos vegetation had no influence on the foraging behaviour of flower visitors and thus 

did not bring about changes in competition for available resources.  The study established that 

a stocking density of eight managed hives introduced at a site for a short period of time (~ 1 

month) did not bring about competition for the floral resources under investigation and could 

safely be employed for sustainable floral resource harvesting within fynbos vegetation. 
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