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POLLINATION IN  AGRICULTURAL LANDSCAPES, A SOUTH AFRICAN
PERSPECTIVE

J S Donaldson

ABSTRACT

Pollination represents possibly one of the greatest areas of interaction between natural
systems and agricultural systems. A consistent pollination service is one of the key factors
supporting agricultural production but land use and farming practices also have a
substantial impact on pollinators. The decline of pollinators threatens agricultural
production and the extent of this impact has recently been highlighted by the collapse of
honeybee colonies. Although the general problem of pollinator decline has been
discussed in several books and publications, there is still value in obtaining regional
perspectives on the extent of the problem and what is being done about it. In this paper, |
review the current situation in South Africa.

INTRODUCTION

The problem of declining pollinator populations and the consequences for agriculture
and conservation biology have been highlighted in several recent books and articles
(Buchmann and Nabhan 1996; Kearns and Inouye 1997; Allen-Wardell et al. 1998).
Many of the issues raised by these authors are universal, but there are almost certainly
going to be regional differences arising from variation in the pollinator faunas, the
natural occurrence of honeybees in some areas, different land use options, and the
choice of agricultural crops. In this paper, | review what is known about pollinator
decline in South Africa, the possible consequences for agriculture and what is being
done in South Africa with regard to pollinator conservation.

Pollination: a South African perspective

South Africa encompasses a diversity of environments from summer rainfall areas with
subtropical rainforests to arid winter rainfall areas with dwarf succulent shrublands
(Cowling and Hilton-Taylor 1997). Southern Africa also has an extremely rich flora
comprising more than 20 500 species (80% endemics) Cowling and Hilton-Taylor
1997) and an exceptional diversity of other taxa such as amphibians, reptiles, birds,
mammals (Siegfried 1989) and insects (Scholtz and Holm 1985). With such generally
high levels of diversity, the species richness of insect pollinators may be expected to
follow the general trend. Indeed, Michener (1979) ranked the warm temperate xeric
areas of Australia, Chile, and South Africa fourth (out of 10 regions) in terms of relative
bee abundance and diversity although they had far fewer species than other warm
temperate areas such as the Mediterannean. The dry western parts of South Africa
have high levels of diversity and endemism for aculeate Hymenoptera (Gess and Gess
1993) and the Cape Florisitic Region of South Africa appears to be a centre of diversity
for long-proboscid fly pollinators that include Tabanidae, Nemestrinidae and
Bombyliidae. Monkey beetles (Rutelinae: Hopliini) are an important group of pollinators
that are endemic to southern Africa and Lepidoptera are a diverse group within
southern Africa, comprising ca. 8% of the world total (Henning 1985). South Africa
therefore has an impressive diversity of insect pollinators that are unquestionably
important for native plants and that may be of considerable benefit in agricultural
systems.

Pollination services in agriculture represents possibly one of the greatest areas of
interaction between natural systems and agricultural systems (Fig. 1). In many
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instances, the productivity of agricultural landscapes (crops and pastures) relies on
natural pollination although production of fruit and seed crops is often enhanced by
bringing in additional honeybee colonies (Anderson, Buys and Johannsmeier 1983).
Agriculture is also likely to have the greatest impact on native pollinators through the
modification and elimination of pollinator habitats and the use of agricultural chemicals
(pesticides, herbicides, fertilizers). This is most obvious in transformed landscapes,
which accounts for ca. 22% of South Africa's land area, but is also true of the vast
tracts of land used for stock farming (e.g. Gess and Gess 1993).

FIGURE 1: A diagrammatic representation of the pollinator interaction between natural
ecosystems and agricultural systems
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Despite the potential importance of the interaction between native pollinators and
agricultural systems, a survey of published work on pollination in South Africa (Fig. 2)
shows that this interaction has received very little attention. Most research has
focussed on descriptions and evolutionary studies of pollination systems in indigenous
plants. Considerably less work has been done to determine the effectiveness of
different pollinators or the impact of a pollination deficit on fruit set. This is particularly
true of published studies of crop plants. In contrast, the majority of studies on threats to
pollinators and on pollinator biology have dealt with honeybees, especially within an
agricultural context. The trend in research publications leads to two conclusions. Firstly,
that there has been relatively little interest in studying the pollination systems of crop
plants in South Africa (as opposed to the tremendous interest in pollination of
indigenous plants) and secondly, that honeybees have been regarded, almost
exclusively, as the prime agents for pollination in agricultural systems. In this respect,
the situation in South Africa is similar to that in other parts of the world (Buchman and
Nabhan 1996).

Pollinator decline
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There has been no comprehensive assessment of pollinator decline in South Africa but
there has been ongoing research into factors that have a detrimental effect on
pollination. As in other parts of the world, honeybees have received most attention and
two threats to honeybee populations have been of particular concern. First, the so-
called 'Cape honeybee problem' in which workers of the Cape honeybee (Apis mellifera
capensis) gain access to the hives of the African honeybee (A. mellifera scutellata)
and destroy the host colony (Cooke 1993). Beekeepers have lost up to 75% of their
colonies annually as a result of the Cape honeybee problem. Second, Varroa mite was
first recorded from South Africa in 1997 (Allsopp, Govan and Davison 1997) and has
subsequently spread to seven of the country's nine provinces (M. Allsopp pers com.).
The effect on wild and commercial hives is being monitored and there appear to be
geographical differences in the response of bees to Varroa that may be related to
variation in climate or to different levels of resistance between A. mellifera capensis
and A. mellifera scutellata colonies (M. Allsopp pers com.).

FIGURE. 2. The frequency of scientific and semi-scientific publications on topics
related to pollination systems and pollinator biology in South Africa. Bars for ‘pollinator
effectiveness' and 'pollinator limitation' include only papers that dealt specifically with
these issues. Publications dealing primarily with plant or pollinator taxonomy were not
included.
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Fig. 2 shows that threats to non honeybee pollinators have hardly been studied at all in
South Africa. Nevertheless, the few available studies indicate that landuse practices
have probably had the greatest impact on non honeybee pollinators. Habitat
fragmentation has been identified, worldwide, as a major cause for the loss of
biodiversity (Hobbs et al. 1992; Haila et al. 1993) including pollinators (Aizen and
Feinsinger 1994a,b; Bronstein 1995; Kearns and Inouye 1997). Studies of habitat



Donaldson JS. 2002 Pollination n Agricultural Landscapes, a South African Perspective. IN: Kevan P & Imperatriz
Fonseca VL (eds) - Pallinating Bees - The Conservation Link Between Agriculture and Nature - Ministry of Environment
/ Brasilia. p.97-104.

fragments in wheatlands in the Western Cape province (Donaldson et al. MS) showed
that bees were relatively resilient to changes in fragment size and isolation but were
affected by changes in habitat related to the process of fragmentation (e.g. changes in
vegetation cover). In contrast, butterflies were more sensitive to fragment size (R.
Bowie unpublished data).

Fragmentation occurs mainly in intensive agricultural systems. However, extensive
systems such as stock farming affect vast areas of South Africa (Macdonald 1989) and
farming practices in these areas can have a substantial impact on the pollinator fauna
(Gess and Gess 1993). Grazing practices can change the availability of plant resources
(nest sites, nectar and pollen) and trampling can make areas unsuitable for ground and
bank nesting species (Gess and Gess 1993). Different land use practices in the same
area can result in different pollinator faunas even in adjacent fields (A. van der Spuy,
unpublished data).

Introduced plants have had a devastating effect on natural vegetation in several parts
of South Africa. The change in floral composition and vegetation could also have
affected the composition and distribution of indigenous pollinators (Rebelo 1987) but
this aspect of pollination biology has not been investigated.

Two introduced insects have been regarded as a potential threat to indigenous
pollinators. The argentine ant, Linepithema humile (Formicidae) has been recorded
from Protea inflorescences (Paton, 1986; Visser, Wright and Giliomee 1996) and large
infestations of L. humile resulted in a significant reduction in insect visitors to Protea
eximea and Protea nitida inflorescences. There has also been speculation that the
argentine ant would result in a decline in butterfly populations (Henning et al. 1997).
However, the overall impact of argentine ant on pollinator abundance and diversity is
unknown. There is a similar paucity of information on the impact of the yellowjacket
wasp, Vespula germanica that has invaded parts of the Western Cape province. V.
germanica may compete for nectar with indigenous wasps (Rebelo 1987) and has
been known to exterminate weak honeybee hives in New Zealand (Line, 1965) but it is
restricted to parts of the Western Cape and its overall impact is unknown.

In other parts of the world where honeybees have been introduced, there has been
concern about the displacement of indigenous bees. Honeybees are indigenous to
South Africa but commercial beekeeping nevertheless poses a potential threat to other
pollinators because commercial hives may be placed in natural vegetation during
periods of peak nectar flow thereby depriving other insects of nectar and pollen
resources (Rebelo 1987). The extent of this practice and its impact on non honeybee
pollinators has not been evaluated.

Due to the poor performance of honeybees on some crops (e.g. tomatoes) there have
been several applications to import bumblebees (Bombus) into South Africa. The initial
applications have been for greenhouse crops where, it is argued, the bumblebees can
be contained within an artificial system. However, there is a high probability that
bumblebees can escape from greenhouse colonies and there is evidence for Bombus
species establishing in areas outside their natural range (A. Dafni personal
communication). This has the potential to disrupt sensitive pollination systems involving
native bees. As a result, the importation of bumblebees has, so far, not been approved.
As yet, there has been no assessment of the value of local bees for buzz pollination as
an alternative to bumblebees.

Pollination deficit

Pollinator limited fruit set has been has been of concern in both agricultural and natural
systems. Pollinator limited fruit set appears to be a common phenomenon among
plants in fynbos (e.g. Johnson and Bond, 1997) and may explain some of the floral



Donaldson JS. 2002 Pollination n Agricultural Landscapes, a South African Perspective. IN: Kevan P & Imperatriz
Fonseca VL (eds) - Pallinating Bees - The Conservation Link Between Agriculture and Nature - Ministry of Environment
/ Brasilia. p.97-104.

diversity in the Cape Floristic Region (Johnson, 1994). However, there is also evidence
for the disruption of pollination due to local extinction of native pollinators (Donaldson et
al. MS) and one of the challenges to conservation theory has been to identify plants
that are most at risk as a result of pollinator decline (Bond 1994). Despite the potential
impact of pollinator limitation on fruit set in agriculture, the problem appears to have
received less critical experimental and theoretical attention in South Africa.
Johannsmeier (1995) listed numerous plants in South Africa where fruit or seed set is
dependent on insect pollinators, particularly bees. Among the plants are many crop
species where seed or fruit production or quality is increased by the addition of
honeybees, e.g. Brassica napis var. oleifera (oilseed rape), Cynara scolymus (globe
artichoke), Eriobotrya japonica (loquat), Fragaria x ananassa (strawberry), Helianthus
annuus (sunflower), Persea americana (avocado), Rubus spp. (black- youngberries),
Sinapis alba (white mustard), Trifolium spp. (clover), Vicia spp. (vetch), Vicia faba
(broad bean). The implication is that there is a pollination deficit in these crops unless
honeybee colonies are increased at the time of pollination. It is unclear how great this
deficit will be if honeybee colonies decline as a result of the Cape honeybee problem or
the spread of Varroa.

Even with the widespread use of honeybees in South African agriculture, poor fruit set
remains a problem for some crops, notably Mangifera indica (mango) (du Toit and
Swart 1993a; Eardley and Mansell 1994a), Persea americana (avocado) (du Toit and
Swart 1993b, 1994a; Eardley and Mansell 1993), Litchi chinensis (litchi) (Eardley and
Mansell 1994b) and other subtropical fruits (du Toit 1990). Although poor pollination
may not be the only cause of low fruit set (e.g. Thomas, Eicker and Robbertse 1994), it
is clear that much further work is needed on the pollination of subtropical fruits (du Toit
1990). Of particular importance in the context of pollinator decline, is to determine the
potential for pollination of these crops by native pollinators. Johannsmeier (1995) listed
15 crop species from the Western Cape province (17% of crops) for which the
pollination needs were unknown or for which there was no information. This is likely to
underestimate likely pollination problems since much of the pollination data for other
crops is derived from areas outside South Africa and does not take local conditions into
consideration.

In crops where honeybees do not increase fruit set, other native pollinators may be
appropriate. Watmough studied the biology of carpenter bees that may be of particular
value for the pollination of crops in the Fabaceae, but there has been little success in
developing the agricultural potential of these bees. Nevertheless, Gess and Gess
(1994) noted that Xylocopinae, Megachilinae and Masaridae were essential for the
successful pollination of rooibos tea (Aspalathus linearis, Fabaceae) and that the
management of tea plantations needed to promote the abundance of these pollinators.
A similar situation probably exists in the case of honeybush tea (Cyclopia spp.:
Fabaceae) that is now being extensively harvested in parts of South Africa.

Conservation of pollinator diversity

Until very recently, conservation activity in South Africa focussed almost exclusively on
large mammals (Pringle 1982). As a result, the reserve system that comprises ca. 6%
of the total land area (Siegfried 1989) was established in areas that suited this
particular focus with little reference to other taxa. The current broader focus on
biological diversity has highlighted some of the gaps in the existing reserve system. Of
particular note for bees and aculeate Hymenoptera is the low level of conservation in
areas with high diversity such as the succulent karoo (2.36% included in reserves) and
Nama karoo (0.45%). Field sampling at four sites in these areas (Gess and Gess 1993)
indicates high levels of species turnover and emphasizes the need for a more
representative reserve system.

A more complete reserve system is unlikely conserve all or even the majority of
pollinator species. The mosaic of farmland that surrounds reserves must be included in
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the conservation programme. At present, South Africa has a network of Natural
Heritage Sites and private nature reserves that extend the reserve system onto private
land. However, a more comprehensive system is required that promotes pollinator
friendly land use practices. In this respect, research on the impacts of land use on
pollinators is needed to guide conservation actions. Several studies on the impacts of
land use on pollinators and other insects have already been undertaken in South Africa
(e.g. Gess and Gess 1993; Ingham and Samways 1996; Rivers-Moore and Samways
1996; Donaldson et al. MS) but more information on appropriate land use practices is
needed and existing information must be made accessible to farmers.

In conclusion, if native pollinators are to be conserved because of their value to
agriculture, then further work is needed. Firstly we need to identify areas where native
pollinators are likely to play an important role in agriculture and, secondly, we need to
promote ways of integrating native pollinators with other agricultural activities.
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