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Abstract. The literature on African pollination biology is reviewed. It is found that
relatively little work has been done on pollination biology in Africa, and a very small
proportion of pollination relationships has so far been studied. Much of the research
which has been done is of an evolutionary nature. Very little work has been conducted at
the community level and comparatively little applied work, either to agriculture or
conservation, was encountered. Most research has been conducted in South Africa, in
particular, from the Cape region, which is the only part of Africa for which a reasonably
comprehensive body of work on pollination biology exists. In a number of instances
results of African studies challenge conventional understanding of pollination biology. It
is argued that as more work on pollination is done in Africa, more differences between
African systems and the rest of the world, particularly the North temperate regions will be
found and changes to the overall conceptualization of pollination systems in different
ecosystems are likely to ensue. A more thorough understanding of pollination biology
would also make an important contribution to food security and conservation of
biodiversity on the continent. Scientists working in fields other than pollination biology,
and amateurs, should be encouraged to contribute to the groundwork of African
pollination biology by the documentation of pollination relationships.

Key words: pollinators, pollination syndrome, breeding system, biodiversity, pollinator
conservation, crop pollination, African studies

Résumé. Une revue bibliographique de la biologie de la pollinisation en Afrique est
présentée. On constate que relativement peu de travaux ont été réalisées sur la biologie de
la pollinisation en Afrique et qu’une très faible proportion des relations de pollinisation a
été étudiées. La plupart des recherches effectuées ont porté sur des approaches évolutives.
Très peu de travaux ont été conduits à l’échelle de la communauté et on a trouvé peu de
travaux appliqués aussi bien dans le domaine de l’agriculture que de la conservation. La
plupart des recherches ont été menées en Afrique du Sud, en particulier, dans la region du
Cap, qui est la seule région d’Afrique pour laquelle on dispose d’une quantité de données
acceptables sur la biologie de la pollinisation. Dans un certain nombre de cas, les résultats
des études Africaines remettent en question les connaissances conventionnelles sur la
biologie de la pollinisation. Ils indiquent que plus on conduira de travaux sur la
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pollinisation en Afrique plus de differences seront mises en évidence entre les systèmes
Africains et le reste du monde, en particulier avec les régions tempérées septentrionales et
que cela conduira à une modification des théories sur les systèmes de pollinisation dans
les différents écosystèmes. Une meilleure connaissance de la biologie de la pollinisation
pourrait également contribuer à améliorer la production agricole et la préservation de la
biodiversité sur le continent. On devrait encourager le développement des recherches sur
la biologie de la pollinisation en particulier dans le domaine des relations de pollinisation
chez les scientifiques travaillant dans des domaines de recherches autres que la biologie de
la pollinisation ainsi que chez les amateurs.

Mots clés: Pollinisateurs, syndrome de pollinisation, système de reproduction,
biodiversité, préservation des pollinisateurs, pollinisation des cultures, études africaines

Introduction

Growing awareness of the vital role of pollination in
agricultural production and plant conservation and
increasing alarm over threats that human activities
pose to animal pollinators have brought pollination
to the top of the research agenda (Buchmann and
Nabhan, 1996; Cane and Tepedino, 2001; Williams,
2002). Animal pollination is a vital step in the
reproduction of most flowering plants. Most crop
plants, except cereals, are either completely depen-
dent on pollinators to produce fruit or show
improved yield as a result of their activities
(Roubik, 1995). There are many recorded instances
of pollination deficit reducing agricultural pro-
ductivity (Kevan and Phillips, 2001). Conservation
of pollinators is necessary for the successful
conservation of plants and decline of pollinators is
considered as a potential threat to plant conserva-
tion (Thompson, 2001). Pesticide use, introduction
of exotic pollinators, pests, diseases, habitat
fragmentation and degradation will all threaten
pollinators and the services they provide (Roubik,
1995; Delaplane and Mayer, 2000; Donaldson, 2002).
Decline of pollinator populations and related
declines in pollination rates are therefore regarded
as potential threats to both agriculture and
conservation (Thompson, 2001; Williams, 2002).

Although wind pollinated plants are not affected
by animal pollinators, understanding of wind
pollination may be used to improve pollination in
crops such as cereals and conifers (El-Kassaby and
Reynolds, 1990; Owens et al., 1998). As with animal
pollinated plants, wind-pollinated plants may also
be prone to the effects of habitat fragmentation
(Knapp et al., 2001).

Pollination biology is also of general ecological
and conservation relevance as changes in plant
population growth rates, population size and
community composition involve reproduction.
Population size and density markedly affect
pollination success (Groom, 2001; Lennartsson,
2002; Wilcock and Neiland, 2002).

Developing nations are particularly vulnerable
to food crises and often struggle to allocate

resources to conservation. In Europe and North
America comprehensive information on pollination
relationships and breeding systems has existed for
around 100 years (Knuth, 1898–1905 in German
and the English translation in 1906–1909, Proctor
et al., 1996a,b) but in Africa’s developing nations
and much of Asia and Latin America, pollination
biology, like most other scientific fields, is less well
researched. Although there are parts of the
developing world where substantial progress has
been made, even in the best-researched regions a
sound understanding of pollination biology has not
yet been achieved. The body of research that has
been generated from Brazil, both in bee biology and
pollination ecology is substantial (Kevan and
Imperatriz-Fonseca, 2002) and is an exception
from which other developing nations can draw
inspiration. But even in this case there are gaps in
taxonomic and geographic coverage; synthesis
between regions is problematic and information is
generally inadequate to make recommendations for
management for either conservation or crop
pollination (Pinheiro-Machado et al., 2002). In
Africa extensive work remains to be done to bring
our understanding of pollination in line with that in
the developed world. Yet an improved under-
standing of pollination can make a substantial
contribution to two key sectors of African econom-
ies, agriculture and conservation, thus yielding
multiple benefits. This review examines the
literature on pollination biology from this continent
and attempts to identify the areas in which research
is most needed.

Methods

A literature search was conducted, using the
Science Citation Index from the years 1990–2000
(Institute for Scientific Information, 2000) and all
years up to 2000 in the NISC African Studies index
(NISC, 2001) as a starting point. The reference
lists of the literature found were also searched to
obtain further sources. This was done by James
Rodger (JGR) and he examined these papers for the
purpose of this review. A second set of papers were
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examined by Barbara Gemmill (BG), drawn
primarily from the bibliographies of three seminal
texts on pollination (Crane and Walker, 1984; Free,
1996; Proctor et al., 1996a). A comprehensive cover
of the literature published in the referred scientific
journals has been attempted but some articles have
doubtlessly been omitted. On the other hand certain
conference proceedings, research reports and lay
journals have also been included. Articles dealing
with flower visiting have not been included unless
conclusions about pollination were actually drawn.
Likewise, articles dealing with flower and pollen
morphology and nectar composition have been
excluded except where these are linked to pollina-
tion either by direct observation or by inference
from observations of pollen being carried by the
pollinating agent under natural conditions. For the
purpose of this review, Madagascar is included in
Africa, except where specifically mentioned as not
included. While this review has not taken into
account the entire knowledge of pollination in
Africa, it is felt that the sample accounts for the
majority of information and that the conclusions
drawn are valid.

Each article was categorized according to subject
matter, the type of article, geographic area and plant
and pollinator groups dealt with. Under each of
these headings an individual record might fall into
more than one category and in some cases
overlapping categories have been used.

The following categories have been recognized
under subject matter: pollinator type, pollination
syndrome and plant speciation, plant breeding
system, agricultural/horticultural application, con-
servation application and pollinator and plant
community ecology. The types of papers recognized
were: research generating observational data
(observational research), research in which manip-
ulative work was conducted (manipulative
research) and reviews.

In order to assess the extent to which pollination
biology has been investigated in plant families and
higher taxonomic groups (monocotyledons, dicoty-
ledons and spermatophytes) on the mainland of
Africa (excluding Madagascar) an index of intensity
of study, which is an estimate of the percentage of
species studied, was calculated according to the
following formula, using the species examined by
JGR (The family studied but not the species was
noted for the papers examined by BG).

Index of percentage intensity of study ¼
(number of species studied £ 100)/(number of
species in central African region (Stork and Le Brun,
1997) þ number of species in southern African
region (Leistner, 2000), with the number of species
in central African region þ number of species in
southern African region being an estimate of the
number of species in Africa. This can only be

regarded as a rough approximation as it does not
include North Africa and some species occurring in
central Africa will also occur in southern Africa.

A species was counted as studied if an original
report on its pollination biology was included in the
review. Examples cited in review articles were
excluded. As Vogel (1954) was not available in
English, the accounts published in that work have
not been used.

The geographic categorization that has been
used is: North Africa, East Africa, West Africa,
Central Africa, Southern Africa and Madagascar.
Madagascar’s long separation from continental
Africa has given rise to floristic peculiarities
(Guillaumet, 1984), thus justifying its recognition
as a region.

At the continental level, South Africa’s Cape
region is floristically unique by virtue of its
remarkable species diversity and its species
composition in terms of plant families and growth
forms (Goldblatt and Manning, 2000). South Africa
can therefore be clearly divided into two regions:
the Cape region and the rest of the country (non-
Cape region) as defined by Goldblatt and Manning
(2000). For the papers examined by JGR, the
southern African region was thus further broken
down in to the following categories: papers cover-
ing southern Africa, South Africa (the whole
country), Cape region in South Africa and non-
Cape region in South Africa.

Results and Discussion

Subject matter

Pollinator type, pollination syndrome and speciation and
breeding systems

In the 355 papers reviewed, pollinator type,
pollination syndrome and speciation were the
most common subfields investigated, followed by
breeding systems (Fig. 1). Much of this sort of
information was already known for Europe and
North America a century ago, summarized by
Knuth in his classic work Handuch der Blütenbiologie

Fig. 1. The numbers of papers on pollination biology in
Africa, published in different sub-fields of pollination
biology
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(1898–1905) and translated into English as Hand-
book of Flower Pollination (1906–1909) (Proctor et al.,
1996a,b). It is an indication of the general lack of
information on pollination relationships in Africa
that such a large component of research is still
directed towards investigation of the nature of
relationships and breeding systems. The high
proportion of papers in these subfields also
indicates a systematic and evolutionary bias in
studies of pollination in Africa. A review of
agricultural pollination in South Africa by Donald-
son (2002) is in agreement with this finding.

Community ecology

Only 32 papers dealing with community ecology
were encountered (Fig. 1). Understanding of plant
and pollinator community composition with
respect to pollination syndrome and pollinator
type has been greatly enhanced elsewhere (Proctor
et al., 1996b), but in Africa few such studies have
been conducted (see Stone et al. (1998) for acacia in
East Africa and Rebelo (1987a) for fynbos in South
Africa). Some features of African pollination which
apply at the community as well as the regional level
are noted below in the section ‘Africa is different’.
Effects of invasive alien plants and pollinators are
also community level issues (see section ‘Applied
studies’).

Applied studies: Agriculture

Less than 20% of the papers had an applied
component, whether of agricultural, horticultural
or conservation relevance. Yet this type of research
is vitally important for food security. In crops,
pollination by animals may be essential for fruit
production (e.g. date palm and watermelon) or to
improve yields (e.g. tomato and broad beans). In
stem and root crops like radish and chicory
pollinators may still be needed to produce seed.
Pollinators are vital for hybrid seed in many crops
(e.g. sunflower and onions) (McGregor, 1976;
Roubik, 1995). A provisional list of commercially
important commodities within Africa which are
known to have a high dependence on animal
pollination is given in Table 1.

While commercial pollinating companies oper-
ate in certain countries such as South Africa and
Zimbabwe, their expertise is not usually published
in scientific journals. A more thorough search of lay
agricultural journals could increase the number of
studies obtained in this category. The bibliography
accompanying this article will be available on the
API website (www.elci.org/api), and will be
searchable by species, crop commodity, and
region such that literature specifically addressing

pollination of crops in Africa can be identified;
additions are welcomed.

To a certain extent, information on agricultural
crop pollination in Africa can be obtained from
general reference works on pollination around the
world (Table 1). For example, Free (1996) is a
crop-by-crop account of pollination systems and
pollination needs and remains an especially
comprehensive and relevant reference work for
agricultural pollination globally. Others are Crane
and Walker (1984) and McGregor (1976, but
continually updated at http://66.181.86.172/
beeculture/book/). However, this literature reflects
the overwhelming focus and dependence on
honeybees up to the present in agricultural
pollination research. Out of over 2600 references
included in the Free reference, over 87% are on
honeybee pollination of crops. There are only 58
references (2.2% of all) on bumblebees, 6 (0.2%) on
stingless bees, 90 (3.4%) on solitary bees and 16
(0.6%) on flies, 149 (5.6%) on insect pollinators in
general and 24 (0.8%) on other pollinators which
included butterflies, beetles, wasps, thrips, midges,
weevils, ants and bats (Partap, 2003).

A review of agricultural pollination in
South Africa (Donaldson, 2002) also finds most
South African pollination work has dealt with
descriptions and evolutionary studies of pollination
in indigenous plants and agricultural studies have
focused almost exclusively on honeybees. Little
research has been conducted on the interactions of
other native pollinators and crops. Donaldson
(2002) states that pollinator decline has not been
assessed but research into varroa mite and
problems stemming from introduction of Cape
honeybees (Apis mellifera capensis) into the rest
of the country (previously exclusively occupied by
A. mellifera scutellata) is ongoing. He also reports
that two introduced insects, the Argentine ant
Linepithima humile and the yellow-jacket wasp
Vespula germanica are regarded as potential threats
to indigenous pollinators but their impacts have not
been investigated.

The detrimental effects of pesticide applications
to crops during flowering are well documented.
(Delaplane and Mayer, 2000) but other uses of
pesticide, such as spraying of malaria mosquitos
(Pankiw and Jay, 1992), may also be detrimental to
pollinator populations. We did not come across any
literature on the effects of pesticides on pollinators
in Africa and this subject also receives little
attention from Donaldson (2002). This suggests
that the impact of pesticides on pollinators is almost
completely unknown in Africa.

The emphasis in the literature on honeybees is a
reflection of their abundance and manageability in
farming systems worldwide. Although commercial
pollination in Africa only occurs on a wide scale in a
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Table 1. Important commercial commodities within Africa known to benefit from animal vectors for pollination

Commodity

Free,
1996

pages

Crane and
Walker, 1984

pages

McGregor, 1976 http://66.
181.86.172/beeculture/book

url Known pollinator(s)

GRAIN LEGUMES
Bambara groundnut,
Voandzeia subterranea

342–3 73 – Self pollinated and self fertile but
presence of ants increased pro-
ductivity in Ghana

Broad bean, Vicia faba
var. major

298 23 /chap4/broad.html Self and bees

Common (field) bean,
Vicia faba var. minor

298 23 /chap4/broad.html Self and bees

Cowpea, Vigna unguiculata 341–2 107 /chap4/cow.html Self and bees
Lima bean, Phaseolus lunatus 269–70 22 /chap4/lima.html Self and bees
Pigeon pea,
Cajanus cajan

317–20 107 /chap4/pig.html Probably self and bees but not
well known

VEGETABLES
Amaranth,
Amaranthus spp.

– – – Not known

Aubergine/eggplant,
Solanum melongena

503–4 62 /chap6/eggplant.html Bees other than honeybees

Chayote, Sechium edule – 40 /chap6/chayote.html Not known but insects are
necessary

Cucumber, Cucumis
sativus

196–201 58 /chap6/cucumber.html Bees

Hot/sweet pepper,
Capsicum frutescens/
annum

499–500 110 /chap6/pepper.html Self and bees but not well known

Karela, Momordica
charantia

208 – /chap6/balsam.html Bees and beetles

Okra, Abelmoschus
esculentus

352–4 100 /chap6/okra.html Self, bees, wasps, flies, beetles,
birds but no information from
Africa

Oyster nut, Telfairia
pedata

– – – Not known

French bean, Phaseolus
vulgaris

270 24 /chap4/beans.html Self and bees

Field pea,
Pisum sativum

338–9 107 – Self and bees

Pumpkin, squash,
marrow, Cucurbita

203–7 69 /chap6/pumpkin.html Bees

Tomato, Lycopersicon
esculentum

492–8 137 /chap6/tomato.html Self and large bees

FRUIT CROPS
Annon fruit
(custard apple,
cherimoya),
Annona squamosa

129 40 /chap9/cherimoya.html Beetles

Apple, Malus domestica 434–45 16 /chap5/apple.html Bees
Avocado,
Persea americana

240–4 19 /chap5/avocado.html Bees, wasps, flies

Borassus palm,
Borassus flabellifer

– 32 – Not known

Breadfruit,
Artocarpus altilis

372 33 – Not well known; not known at all
in Africa

Cape gooseberry,
Physalis peruviana

504 – – Not known

Carambola,
Averrhoa carambola

391 35 /chap9/carambola.html Bees and other insects

Citrus, Citrus 479–85 44 /chap5/citrus.html Bees and other insects
Cherry, Prunus avium 431–66 41 /chap5/cherry.html Bees
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Table 1. Continued

Commodity

Free,
1996

pages

Crane and
Walker, 1984

pages

McGregor, 1976 http://66.
181.86.172/beeculture/book

url Known pollinator(s)

Date palm,
Phoenix dactylifera

401–2 61 /chap5/date.html Not known

Fig, Ficus carica 373–8 65 /chap5/fig.html Fig wasps
Guava, Psidium guajava 386 73 /chap7/guava.html Self, bees and other insects
Litchie, Litchi chinensis 487–8 88 /chap5/litchi.html Bees, flies, ants and wasps
Mango, Mangifera indica 124–8 90 /chap5/mango.html Not well understood
Marula, Sclerocarya birrea – – – Not known
Melon, Cucumis melo 190–6 92 /chap6/muskmelon.html Bees
Watermelon,
Citrullus lanatus

201–3 93 /chap6/watermelon.html Bees

Natal plum,
Carissa grandiflora

131–2 98 – Not known

Papaya, Carica papaya 137–9 103 /chap5/papaya.html Hawkmoths, skipper butterflies
Passion fruit,
Passiflora edulis

408–9 104 /chap5/passionfruit.html Large bees

Peach, Prunus persica 431–66 108 /chap5/peach.html Self and bees
Pear, Pyrus communis 431–66 108 /chap5/pear.html Bees
Plum, Prunus spp. 431–66 113 /chap5/plum.html Bees
Strawberry,
Fragaria £ ananassa

425–30 130 /chap7/strawberry.html Bees but no information from
Africa

Tamarind,
Tamarindus indica

340–1 134 – Not known in Africa (Apis dorsata
in Asia)

NUT CROPS
Cashew nut,
Anacardium occidentale

122–4 37 /chap5/cashew.html Flies, ants and bees

Macadamia nut,
Macadamia integrifolia

418–20 89 /chap5/mac.html Bees, wasps, beetles

OIL CROPS
Castor, Ricinis communis 226–7 38 – Wind and bees
Coconut, Cocos nucifera 52 52 /chap5/coconut.html Wind and bees
Groundnut,
Arachis hypogaea

314–7 72 /chap3/peanut.html Self but bees and thrips seen to
increase production in Congo

Niger seed,
Guizotia abyssinica

149, 161 98 /chap9/niger.html Bees but not well known

Oil palm,
Elaeis guineensis

398–401 99 /chap5/oil.html Beetles

Safflower,
Carthamus tinctorius

145–8 123 /chap9/safflower.html Self and bees

Sesame,
Sesamum indicum

410–11 127 /chap9/sesame.html Self and bees

Shea, Butryospermum
pardoxum

– – – Not known

Soybean, Glycine max 325–9 27 /chap4/soy.html Self and bees
Sunflower, Helianthus
annus

– 132 /chap9/sun.html Bees and other insects

BEVERAGE/STIMULANT CROPS
Cacao, Theobroma cacao 504–14 51 /chap5/cacao.html Ceratopogonid midges, thrips,

ants
Cola nut, Cola acuminata and
nitida

– 81 /chap7/kolanut.html Flies but not well known

Coffee, Coffea arabica 475–8 53 /chap7/coffee.html Self and bees

FIBRE/CONTAINER CROPS
Cotton, Gossypium spp. 354–9 55 /chap9/cotton.html Self, but bees increase production
Bottle gourd,
Lagenaria siceria

207–8 68 /chap6/white.html Hawkmoths, bees, bats

Kapok, Ceiba petandra 134–5 128 – Bats, hawkmoths
Raffia palm, Raphia spp. – 117 – Not known
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few countries like South Africa and Zimbabwe,
various initiatives to develop apiculture for pollina-
tion and honey are underway. It has, however, been
widely argued that agriculture is overly dependent
on honeybees for pollination, despite their unsuit-
ability to many crops (Roubik, 1995; Kearns et al.,
1998; O’Toole, 2002; Westerkamp and Gottsberger,
2002). In several crops important within Africa
(such as aubergines, tomatoes, peppers, papaya and
passion fruit among others) we know that honey-
bees are not effective pollinators, and the focus
must turn to alternative, wild species of pollinators.
As will be discuss below, native pollination
syndromes in Africa often differ from the conven-
tional typologies of pollination systems and these

differences may extend to agricultural pollination
systems as well. Donaldson (2002) concludes by
emphasizing the need for research to evaluate
where non-honeybee pollinators are most likely to
be important for crop pollination and the promotion
of practices for integrating pollinator conservation
into agriculture.

Applied studies: Conservation

Only nine of the papers examined dealt with
conservation applications of pollination biology,
yet for plant species to be effectively conserved,
their pollination systems must also be conserved.
The emerging concern that invasive plants may

Table 1. Continued

Commodity

Free,
1996

pages

Crane and
Walker, 1984

pages

McGregor, 1976 http://66.
181.86.172/beeculture/book

url Known pollinator(s)

FORAGE CROPS
Acacia tortilis pods – – – Bees other than honeybees, but-

terflies, wasps
Desmodium – Not known
Egyptian clover,
or berseem,
Trifolium alexandrinum

271–97 30 /chap3/berseem.html Bees

Indigofera – – – Bees other than honeybees, small
butterflies

Stylosanthus – – Not known

AGROFORESTRY CROPS
Calliandra calthyrsus – 35 – Bees
Gliricidium sepium – – – Not known
Grevillea robusta – 128 – Not known
Leucaena leucophala – – – Not known
Sesbania sesban – – – Not known

COSMETICS
Bixa, Bixa orelllana – – Not known
Loofah sponge,
Luffa cylindrica

208 85 /chap6/veg.html Moths and butterflies,
possibly bees

PESTICIDES
Mexican marigold,
Tagetes lucida

– – – Not known

Neem, Azadirachta indica – – – Not known
Pyrethrum, Chrysanthemum
cinerariifolium

148 116 /chap9/pyrethrum.html Beetles and flies, also bees; more
potent insecticide is derived
when flowers are visited by
insects

Rotenone,
Tephrosia vogelii

– 136 /chap9/tephrosia.html Not known

SPICES
Black pepper,
Piper nigrum

412–13 109 /chap9/black.html Not well known

Vanilla,
Vanilla planifolia

389–90 141 /chap9/vanilla.html Specialized bees in area where
vanilla is indigenous; largely by
hand within Madagascar and
Africa
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threaten reproduction of indigenous plants through
competition for pollinators is only beginning
to be addressed worldwide (Richardson, 2000;
Ghazoul, 2002) and is of great potential importance
to Africa, especially as most countries do not have
the resources to effectively combat plant invasions.
Similarly, introduced pollinators may have a
detrimental effect on indigenous species through
competition for floral resources.

Habitat fragmentation has complex effects on
plant reproduction (e.g. Lamont et al., 1993;
Donaldson et al., 2002; Lennartsson, 2002). It affects
both plant and pollinator populations and may
reduce a plant’s reproductive success by reduction
or extinction of pollinator populations (e.g. Donald-
son et al., 2002), reduced visitation of plants in
fragments (e.g. Lamont, 1993; Aizen and Feinsinger,
1994) or by inbreeding depression (Lennartsson,
2002). See Field and Johnson (this volume) for a
thorough review on the effects of fragmentation on
pollination. These processes affect plant species to
varying extents depending on the nature of
fragmentation, the biology of the plants and the
biology of the pollinators.

A notable study by Donaldson et al. (2002) of
fragmentation of Renosterveld (a shrubby veg-
etation with an important grass component and
high diversity of geophytes) by wheatfields in
South Africa’s Cape region found that species were
affected differently by fragmentation. Plants with
specialized pollination systems are predicted
by theory to be more vulnerable to fragmentation
effects than those with generalized pollination
systems. This was supported in the case of the
specialist orchid Pterygodium catholicum, pollinated
only by the oil-collecting bee Rediviva gigas, which
produced fruit only in the largest fragments.
However, reproduction of Gladiolus liliaceus (Irida-
ceae), a plant pollinated by a single species of
noctuid moth was unaffected by fragmentation,
possibly because the pollinator, Cucilla extricata, has
a broad larval host range which may buffer its
populations against the effects of fragmentation.
Trachyandra hirsuta (Asphodelaceae), which has a
generalized pollination system involving bees, flies
and beetles suffered significantly lower fruit
production in fragments while three other species
with generalized pollination systems were not
affected. One of these, Ornithogalum thyrsoides
(Hyacinthaceae), is self-compatible and autoga-
mous. Selfed seeds of this species are highly
germinable suggesting that autogamy and self-
compatibility compensate for lack of pollinators.
Another complication was that population size was
not correlated with fragment size and in all
instances O. thyrsoides and Babiana ambigua showed
higher reproduction in larger populations irrespec-
tive of fragment size. In addition, differences in

fragmentation impacts, vegetation cover and grass
cover were found to be much more important than
size in determining pollinator species richness and
composition. Distance from habitat mainland,
rockiness, vegetation cover and grass cover were
found to be more important than fragment size in
explaining occurrence of pollinator species. This
study illustrates the complex nature of pollination
in fragmented landscapes: the effects of fragmenta-
tion on pollination is a result of interaction between
the effects on pollinators and plants, and cannot be
predicted unless thorough knowledge of the
biology of the pollinators and plants and the details
of the fragmentation process (fragment size distri-
bution, distances from habitat ‘mainland’, hetero-
geneity etc.) are integrated in each case. Since very
often neither pollinators nor plants occur elsewhere
(both the oil-collecting bee genus, Rediviva and the
orchid P. catholicum in the example above are known
only from southern Africa) it is essential that
research of this nature should be conducted in
Africa.

The evolutionary history of Africa has been one
of wildly fluctuating climates and habitat extents, in
which land-locked ‘islands’ of high biodiversity
and endemism—such as the Miombo-Mopane
woodlands of southern Africa, and the Eastern
Arc Mountains of East Africa have served as natural
centres of species conservation (Kingdon, 1989).
The fact that these centres of diversity are also areas
of high population pressures means that habitat
fragmentation must be a major concern. The work
of Donaldson et al. (2002), bears replication
throughout the continent.

Types of paper

Out of a total of 355 research papers only 82 included
manipulative (experimental) work (Fig. 2). Thus,
there is a high proportion of observational (non-
manipulative) studies in this field. Yet pollination
biology is a field that lends itself to manipulation.
This underlines the basic state of pollination biology
in Africa. While simple observation may be a

Fig. 2. The types of pollination biology studies in the
literature of pollination biology in Africa
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necessary precursor to manipulative study, manip-
ulative study is often necessary for hypothesis
testing. There is scope for considerably more
hypothesis testing and deductive science than has
been conducted in the literature reviewed. The
remaining papers were of a review nature (69 out of
355). These include nine papers published in the
form of a synthesis report for pollination biology
of the Cape flora (Rebelo, 1987a) and a number of
taxonomic revisions in which pollination biology
of the group concerned was reviewed.

Plant and pollinator groups

It is estimated that there are more than 45,000
species of vascular plants in Africa, and most of
these are seed plants (Beentje et al., 1994). For the
purpose of the following analysis, we have used an
estimate of the total number of described species in
Africa of 48,274 (total number of species in central
African region) (Stork and Le Brun, 1997) þ number
of species in southern African region (Leistner,
2000).

The papers examined by JGR contained infor-
mation on the pollination biology of 673 species of
these, giving an index of percentage intensity of
study of 1.4% (Table 2). While this is no doubt an
underestimate of the number of species about
which information is available, even if the true
figure was several times larger (which seems
unlikely) African pollination biology still appears
to be drastically understudied compared to Europe
where information exists on a larger proportion of
known species (Procter et al., 1996). The situation in
other regions of the developing world is likely to be
similar to that in Africa and we suggest that similar,
comparative percentages of intensity of study from
other regions might usefully inform pollinator
conservation initiatives and the gaps they must
seek to address.

From the 219 articles reviewed by JGR it was
possible to calculate indices of ‘percentage of
intensity of study’ for 50 families (as circumscribed
in Leistner, 2000) (Table 2). Of the 20 largest of these
families (according to index of size) only Iridaceae,
Proteaceae and Geraniaceae have indices of
intensity of study higher than 10% and, apart
from these, only Orchidaceae and Rubiaceae have
indices of intensity of study exceeding 3%. Many of
the largest families on the continent such as
Fabaceae (% index of study ¼ 0.82) and Asteraceae
(% index of study ¼ 0.34) remain very poorly
studied. Some relatively large families such as the
wind pollinated Cyperaceae appear not to have
been studied at all; in other areas such as the Arctic
and the Florida Everglades, an understanding of
Cyperaceae breeding systems is critical to mana-
ging wetland resources. A number of small families

like Podocarpaceae and Strelitziaceae have scored
high indices of intensity of study because the few
studies conducted in them have addressed a high
proportion of their species due to their small size. In
addition, more monocotyledonous species have
been studied than dicotyledons, despite dicotyle-
dons account for a greater part of the flora.

Where floral characters are important in
phylogeny and evolution, as in Orchidaceae
(Johnson, 1997a,b) and Iridaceae (Goldblatt and
Manning, 1999; Goldblatt et al., 2000), pollination
biology tends to be well studied. For systematists
working in these groups research into pollination
biology is integral to systematic research. The
discovery of unusual pollination syndromes such as
the oil-collecting bee and long proboscid fly systems
(Table 3) also seems to have stimulated work in the
families in which they occur (Orchidaceae, Scro-
phulariaceae, Geraniaceae) (Table 2).

The wind pollinated families Cyperaceae, Res-
tionaceae and Poaceae are highly speciose. Grasses
are a dominant group both in savannas and
grasslands, sedges dominate in wetlands and
Restionaceae are one of the three most dominant
families in the Cape region, yet hardly any work has
been conducted on these families in Africa (Table 2).
Use of grass pollen by bees is reported in Kenya
(Bogdan, 1962) and South Africa (Immelmann and
Eardley, 2000) and may prove to be more important
in Africa than in other continents when investigated
further. By virtue of their ecological dominance it is
likely that their pollination biology will be of great
consequence for ecology in Africa. Veld manage-
ment, for instance, is often concerned with
promotion of grass species beneficial for grazing
and the pollination biology of grasses, including
aspects such as self-compatibility and effective
pollination distance, has important implications for
managing transitions between dominance of differ-
ent species.

Geographic areas in which studies were conducted

The vast majority of the studies considered were
conducted in southern Africa and in particular, in
the Republic of South Africa (Figs 3 and 4). A
considerable quantity of African research lan-
guishes in university libraries in the form of
unpublished postgraduate theses, and we may not
have been able to access much of the more localized
research. It nevertheless seems certain that a
disproportionate amount of research is conducted
in South Africa.

West Africa does not fare quite as poorly as East
and North Africa, because much of the economic
pollination work (on cocoa and oil palm) has been
carried out there; but in comparison to southern
Africa and most other regions of the world, the
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Table 2. Intensity of study of spermatophytes, dicotyledons, monocotyledons and those plant families which have been
studied in Africa (Index of size ¼ number of species in central African region (Stork and Le Brun, 1997) þ number of
species in southern African region (Leistner, 2000); Index of percentage intensity of study ¼ (number of species studied
£ 100)/(Index of size)

Plant group
Sum of numbers of species in
Central and southern Africa

Number of species in papers
(original accounts)

Index of percentage
intensity of study

Spermatophyta 48300 673 1.39
Dicotyledons 31920 268 0.84
Monocotyledons 16354 405 2.48
Fabaceae 4520 37 0.82
Asteraceae 4160 14 0.34
Euphorbiaceae 1803 5 0.28
Orchidaceae 1774 73 4.12
Mesembryanthemaceae 1688 3 0.18
Poaceae 1550 1 0.07
Apocynaceae 1521 10 0.66
Acanthaceae 1512 2 0.13
Scrophulariaceae 1236 26 2.10
Iridaceae 1186 287 24.20
Lamiaceae 873 9 1.03
Asphodelaceae 599 4 0.67
Hyacinthaceae 526 5 0.95
Rubiaceae 410 17 4.15
Proteaceae 398 65 16.33
Polygalaceae 355 1 0.28
Geraniaceae 338 34 10.06
Amaryllidaceae 334 6 1.80
Crassulaceae 332 2 0.60
Restionaceae 323 3 0.93
Campanulaceae 316 2 0.63
Commelinaceae 311 5 1.61
Thymelaeaceae 278 1 0.36
Boraginaceae 266 3 1.13
Rhamnaceae 243 1 0.41
Rosaceae 228 1 0.44
Loranthaceae 223 1 0.45
Moraceae 200 10 5.00
Sapotaceae 159 1 0.63
Araceae 140 5 3.57
Hypoxidaceae 117 2 1.71
Balsaminaceae 113 8 7.08
Colchicaceae 94 4 4.26
Myrtaceae 90 5 5.56
Chrysobalanaceae 60 1 1.67
Bruniaceae 57 1 1.75
Zamiaceae 45 5 11.11
Bignoniaceae 40 1 2.50
Droseraceae 33 2 6.06
Alliaceae 32 1 3.13
Tecophilaeaceae 16 4 25.00
Haemodoraceae 9 2 22.22
Bombaceae 7 2 28.86
Strelitziaceae 5 1 20.00
Kirkiaceae 5 1 20.00
Musaceae 4 2 50.00
Podocarpaceae 4 1 25.00
Caricaceae 2 1 50.00
Gunneraceae 1 1 100.00
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coverage is small. Central Africa, and Madagascar,
which are important centres of biological diversity,
have even less coverage.

Within South Africa a disproportionately large
number of studies has been conducted in the Cape
region (Fig. 4), which, despite being highly
speciose, makes up a small fraction of South
Africa’s land area. This is the only region in Africa
where pollination biology might be regarded as
reasonably well studied. The synthesis report of
pollination biology of this region (Rebelo, 1987a) is
unique in the continent, not only for the wealth of
information it contains about African pollination
biology but also for placing this information in a
global context. Rebelo (1987a), however makes the
point that even in this region knowledge cannot be
regarded as comprehensive. The Cape region of
South Africa is quite distinct from the rest of the
continent (Goldblatt and Manning, 2000) and with
the exception of the afromontane/afroalpine archi-
pelago, which has biogeographical affinities to the
Cape (Goldblatt, 1978; Carbutt and Edwards, 2001),
the relatively thorough understanding of pollina-
tion biology here is likely to have limited relevance
elsewhere.

Africa is different

There has been much debate concerning differences
between the ecology of northern hemisphere
temperate, arctic and alpine systems and southern
or tropical ecosystems. Pollination biology

originated in Europe and it has been well
investigated there, and in North America. Although
during recent decades the field has increasingly
been informed by tropical research (Rebelo, 1987a;
Renner and Feil, 1993; Aizen and Feinsinger, 1994;
Pinheiro-Machado et al., 2002) understanding of

Table 3. Types of pollinators in African pollination papers

Pollinator category
Number of papers

(JGR and BG combined) Pollinator subcategory
Number of papers

( JGR only)

Hymenoptera 131 Honeybees 25
Oil-collecting bees 18
Other bees 47
Agaonid wasps 17
Other wasps 8

Diptera 51 Long proboscid flies (Nemestrinidae
and Tabanidae sensu Goldblatt & Manning

27

Short-tongued flies 27
Coleoptera 32 Monkey beetles (Scarabaeidae, Rutelinae,

Hopliini)
16

Other beetles 10
Lepidoptera 41 Butterflies 24

Hawkmoths (Sphingidae) 22
Other moths 14

Birds 53
Bats 16
Non-flying mammals 18
Wind 16
Self 5
Total 344 118

Fig. 3. Geographical areas and countries in which African
pollination studies have been conducted

Fig. 4. Geographical focus of pollination studies within
South Africa
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pollination biology within Africa is not at all
comprehensive and hence the continent makes a
much smaller contribution to the theoretical under-
pinnings of the field than should be the case.
European and North America research therefore
continues to underpin conceptual frameworks for
pollination research globally, to a greater extent
than is warranted. Theory based on studies
conducted in the North temperate regions may be
inadequate to explain systems in Africa (e.g.
Stafford Smith, 1996; Illius and O’Conner, 1999), as
many of the papers reviewed show that pollination
biology in Africa differs substantially in certain
aspects from that in the rest of the world,
particularly Europe.

A number of unusual breeding systems have
been noted in African plants. Some African Eugenia
spp. (Myrtaceae) are morphologically androdioe-
cious, but functionally dioecious. This is unusual
for Myrtaceae, and different to Eugenia species
found elsewhere (van Wyk and Lowry, 1988).
Canthium mundianum (Rubiaceae) is morphologi-
cally gynodioecious but functionally dioecious
(Balkwill et al., 1996). A sterility barrier has been
found between Disa racemosa and Disa venosa, which
are sympatric. This is highly unusual for the family
Orchidaceae (Johnson et al., 1998). About 6.6% of the
Cape flora (as defined by Rebelo, 1987a) is
dioecious, a figure higher than that reported for
other mainland temperate floras, particularly
Mediterranean ones (Steiner, 1987).

African studies have contributed to the recog-
nition of bats (e.g. Baker and Harris, 1959; Ayensu,
1974), in tropical ecosystems, and birds (e.g.
Arroyo, 1981; Rebelo, 1987b) almost everywhere
(except in Europe and northern Asia), as important
pollinators. Unique pollination systems involving
oil-collecting bees (Steiner and Whitehead, 1996;
Steiner, 1999), long proboscid flies (Goldblatt and
Manning, 1999; Manning and Goldblatt, 1997) and
monkey beetles (Picker and Midgley, 1996; Gold-
blatt et al., 2000, etc.) are known from South Africa.
Monkey beetle pollination differs from the general
beetle pollination syndrome (Proctor et al., 1996a) in
that visual attraction seems more important than
odour; the beetles are particularly hairy and many
species do little damage to the flowers. This
pollinator group, unique to southern Africa, is
believed to be one of the most important pollinator
groups in the Cape region (Picker and Midgley,
1996). Bird-pollinated orchids elsewhere are
thought to usually occur in dispersed populations
which do not attract resident nectar-feeding birds;
however, bird-pollinated African Satyrium spp.
often form dense populations and do attract
resident nectar-feeding birds (Johnson, 1996b).

Unusual diversity in pollination systems is a
characteristic of Disa, Satyrium, Erica, Gladiolus and

many other genera in the Cape flora (Johnson,
1996a). Johnson (1996a) suggests that variation in
availability of pollinators in the Cape region led to
adaptive shifts in pollination systems and this has
contributed to high species diversity in these Cape
genera. Johnson and Steiner (2003) compared level
of specialization of pollination systems in the two
most well studied families in temperate southern
Africa (Orchidaceae and Iridaceae) and North
America (Orchidaceae and Polemoniaceae) and
found that southern African species displayed
much higher levels of specialization to pollinators
than those in North America. Orchid species, for
instance, had a median of one pollinator species in
southern Africa but five in North America.

Research needs

The pollination biology of the vast majority of
African plant taxa remains un-investigated. A
better understanding of pollination biology will
enhance our understanding of population and
community ecology and of agricultural systems,
inter alia. Pollination biology can therefore make an
important contribution to conservation of biodiver-
sity and improvement of food security in Africa.

While there is a general lack of basic information
on pollination relationships there is also a need for
research that goes beyond simply documenting
these. In particular there is a need for community
level studies to identify sustainable management of
pollinators for both agriculture and conservation.
Important observations on pollination have been
made during the course of systematic studies (e.g.
Steiner, 1992; Manning et al., 1999, etc.). Workers in
fields other than pollination biology can thus make
a significant contribution by making observations
and collections of plants and flower visitors during
the course of their work. Pollination biology also
represents a wonderful opportunity for research by
amateurs and this should be actively encouraged.
Studies such as Goldblatt and Manning (1999)
involved only 4–8 h of observation per species.
Even purely observational studies will continue to
remain valuable until a much more thorough
understanding of pollination biology in Africa is
reached.

There are still gaping inadequacies in our
knowledge and understanding of pollination in
Africa. The novelty of discoveries already made
suggests that as further work is done in Africa,
more differences between this continent and the rest
of the world will be found and the overall
conceptualization of pollination systems in differ-
ent ecosystems may be better elaborated. Moreover,
pollination research can make a substantial contri-
bution to the improvement of food security and
conservation in Africa.
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