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Approximately 100 000 species of insects have been described from sub-Saharan Africa.
Largely as a result of Africa’s colonial history, the region’s insect fauna is probably better
known than that of other tropical regions, but information is often more difficult to locate.
Few centres of expertise on insect diversity and systematics exist in tropical Africa, while
most large insect collections are housed in South Africa, Europe and the United States.
Recent surveys of in-country resources show that human resources are also thinly distrib-
uted in tropical Africa. Yet, there is urgent need for basic information on insect diversity for
pest management related to plant, livestock and human health, as well as conservation and
environmental management. Invasive (alien) species represent a newly recognised threat
that cuts across traditional sectors. Recent work shows the potential of different approaches
to these challenges, including compilation and synthesis of pre-existing data and research
targeted at strategic needs. Information can also be applied in novel ways to promote ‘envi-
ronmentally friendly’ income-generating schemes such as silk and honey production,
ecotourism, butterfly farming and bioprospecting. The Global Taxonomy Initiative of the
Convention on Biological Diversity provides an opportunity to expand these experiments
to better meet the needs.
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INTRODUCTION

Biological resources are the basis of the prosper-
ity of the developed world; yet the biologically
rich underdeveloped nations of Africa are the
economically poorest in the world. Africa’s bio-
diversity, if conserved and developed sustainably,
can be utilised to relieve poverty and achieve
economic stability. The challenge lies in rapidly
acquiring the required knowledge of the
biodiversity resource: defining the critical spe-
cies, where they occur, understanding their natu-
ral history, and establishing sustainable resource
use patterns.

While Africa is most renowned for its highly char-
ismatic megafauna, the greatest concentration
of African biological diversity lies in other ani-
mal taxa, which ultimately facilitate the exist-
ence of these ‘flagship species’. Insects and other

arthropods compose more than 70% of the
world’s fauna and contribute by far the largest
number of taxa to biological diversity both in
Africa (Figure 1) and the rest of the world. By
performing critical ‘service’ functions within eco-
systems, these species are central to ecosystem
stability (Coleman & Hendrix 2000). Many
insects provide a direct economic return (e.g.,
silkworms, honey bees), produce chemicals for
medicinal use, constitute an important protein
source in the diet of rural peoples (Van Huis
1996), play predatory and parasitic rôles that
regulate pests, or help maintain soil fertility
(Black & Okwakol 1997). Arthropods are key in
providing pollination services to natural and
man-made ecosystems. Solutions to many ma-
jor impacts on human welfare lie within the re-
sources of biological diversity and, more specifi-
cally, within the area of insect diversity (Herren
1998; Hill 1997). Among these issues are over-
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use and depletion of agricultural lands and ad-
joining forests, human and animal diseases car-
ried by insect vectors, migrant pest outbreaks
such as locusts (Orthoptera: Acrididae) and
armyworms Spodoptera spp. (Lepidoptera: Noc-
tuidae), and toxic residues from pesticides.

The monetary values of the ecosystem ‘services’
provided by insects are exceedingly hard to esti-
mate for a variety of reasons, but some exam-
ples follow (vide Daily 1997). Approximately
one third of the world’s crop production depends
directly or indirectly on pollination by insects.
The overall value of pollination in the world,
mostly by insects, has been estimated at around
US$117 billion per year. The overall value of
natural biological control, again mostly by in-
sects, is over US$400 billion per year. The value
of nutrient cycling in terrestrial ecosystems is
over US$3 trillion per year (Costanza et al.
1997). Much of the nutrient cycling is underta-
ken by insects and related arthropods, which
may compose half the animal biomass in some
tropical forests (Fittkau & Klinge 1973).

The cultural and spiritual values of biodiversity
to the peoples of Africa must also be appreci-
ated. As stated by Kipelelo Walker in Botswana,
“An economist and I are two incomparable people
in terms of the perception of the long term …. If
we depend on the natural resource, its sustainability
is not related to the income you can get now” (this
and other statements by indigenous people in
Posey 1999). Fairhead & Leach (1999) describe
the complex interactions of people, termites and
the environment in West Africa.

No invertebrate species have yet been docu-
mented as becoming extinct in Africa during
historic times due to direct or indirect human
activities, although several butterflies (Lepidop-
tera) and lacewings (Neuroptera) may have be-
come extinct in South Africa (Siegfried &
Brooke 1995), and several dragonflies (Odonata)
are threatened in South Africa (Samways 1999).
Invertebrates are, however, generally so poorly
known that even probable extinction is difficult

to determine. With insects in particular, we risk
losing important aspects of biodiversity with-
out fully knowing the identity and function and
value of these organisms.

In this paper the term ‘systematics’ is here used
in the broad sense, and implies taxonomy, en-
compassing inventory, phylogeny and informa-
tion management (Cracraft 2000). ‘Africa’ is
used for the African continent and adjoining is-
lands (including Madagascar). ‘Afrotropical’ is
used as a biogeographical region (formerly called
Ethiopian) encompassing Africa south of the Sa-
hara, including Madagascar (Crosskey & White
1977). ‘Tropical Africa’ refers to the Afro-tropi-
cal Region minus the temperate parts of south-
ern Africa.

INTERNATIONAL POLICY CONTEXT

Biodiversity has become something of a politi-
cally charged ‘buzz word’. The term has diverse
definitions as many constituencies have claimed
it as their own. In its original and broadest sense,
biodiversity encompasses the full range of di-
versity of life on earth, encompassing three lev-
els. This paper focuses primarily on the diver-
sity of species of insects and related arthropods
(the traditional scope of taxonomy or biosys-
tematics), but it must be remembered that these
species are assembled into communities, ecosys-
tems and landscapes (the traditional realm of
ecology), and that these species include genetic
diversity (including the area of biodiversity on
which agriculture focuses).

A new term, ‘agrobiodiversity’ or ‘agricultural
biodiversity’, has recently been defined by De-
cision V/5 of the Fifth Conference of the Par-
ties to the Convention on Biological Diversity,
as including “… all components of biological di-
versity of relevance to food and agriculture, and all
components of biological diversity that constitute
the agro-ecosystem ” [as well as variability at ge-
netic, species and ecosystem levels] (http://
www.biodiv.org). This includes ecological serv-
ices such as nutrient cycling, pest and disease
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regulation (natural biological control), pollina-
tion, wildlife habitats, hydrological cycle, car-
bon sequestration, and climate regulation as well
as cultural aspects, including tourism. In Africa,
as the majority of species interact in some way
with agriculture, forestry or fisheries, it is hard
to differentiate between biodiversity and agro-
biodiversity - vide Aarnink et al. (1999), CAST

(1999), Janzen (1998a, 1998b, 1999) and
Thrupp (1998) for further discussion.

The recent international interest in biodiversity
has spawned a confusing array of acronyms rep-
resenting various international organisations
(Hawksworth 1997 provides a useful guide).
This provides a major opportunity to promote
the scope of systematic biology while taxonomy
is on the minds of international decision-mak-
ers.

Another exciting change on the international
political scene was that the Fifth Conference of
the Parties of the Convention on Biological Di-
versity also endorsed the Global Taxonomy Ini-
tiative (GTI) in its decision V/9. Although what
the GTI will be remains to be defined exactly
(vide American Museum of Natural History
1999; Australian Biological Resources Study
1998a, 19998b; Cresswell & Bridgewater 2000;
Recommendation VI/6 of The Subsidiary Body
on Scientific, Technical and Technological Ad-
vice available at http://www.biodiv.org), this rep-
resents a major step in the recognition of the
importance of systematics issues to conservation
and sustainable use of biological diversity. The
important funding issue is that now systematics
and taxonomy should become part of actual
agendas of donor agencies and development
agencies in a way that it has not previously done.
Another development in parallel is the creation
of the Global Biodiversity Information Facility
(GBIF) (Redfern 1999, http://www.gbif.org).

WHAT DO WE KNOW ABOUT AFRI-
CAN INSECTS?

Largely as a result of Africa’s colonial history,
there is probably more known about the Afri-

can insect fauna than that of the New World
and Asian tropics. Nevertheless, this same his-
tory makes information on the African insect
fauna very difficult to obtain. The information
is mostly stored in European museums and li-
braries, in a variety of languages and intellec-
tual traditions that have not been concatenated
(Cotterill 1997). A modern checklist of insects
has been published for only one of more than
50 African countries (Nigeria). Many of the mu-
seums and libraries holding this information are
eager to make such information available to the
World (e.g., Kaiser 1999; Kress et al. 2001;
Normile 1999), but lack the resources to do so.
There are problems of synthesising the various
language-based bodies of literature and in the
logistics of handling literature and specimens.
For these reasons, it is far more cost-effective to
undertake data compilation for the Afrotropical
Region as a whole, rather than on a country by
country basis (vide Ruiz et al. 2000 for discus-
sion of practical issues). But how can these re-
sources be unlocked to make information read-
ily available for use?

It is more cost-effective to make accessible what
is already known than to recreate basic infor-
mation on biodiversity (Soberon et al. 1996;
Nielsen & West 1994). An enormous body of
information is at least theoretically available, but
is highly dispersed in an extraordinary variety
of forms and is largely unavailable in most of Af-
rica. Recent developments in information tech-
nology provide the means to achieve a co-ordi-
nated information base on the African insect
fauna and an efficient means of dissemination
of such information. The task requires effective
collaboration of expertise and stakeholders, be-
ginning with the process of cataloguing and con-
tinuing through the use and management of bio-
diversity (Krishtalka & Humphrey 2000; World
Conservation Monitoring Centre 1996).

A major issue from a scientific standpoint is that
we basically do not know what is known about
biodiversity. Global systematic studies have been
undertaken for over two hundred years, but we
do not actually know how many species have

Cimbebasia 17, 2001
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Table 1. Some major entomological collections within the Afrotropical Region. Vide Arnett et al.
1993 and Eardley 1998 for details. This includes only the large collections with broad geographic and
taxonomic coverage of afrotropical insects - many additional collections have smaller holdings, espe-
cially in South Africa.

Institution

Museu do Dundo

National Museums of Kenya

National Museum

Institut Fondamental d’Afrique Noire

South African Museum

Albany Museum

Natal Museum

Plant protection Research Institute

Transvaal Museum

Kawanda Research Station

Natural History Museum

Country

Angola

Kenya

Namibia

Senegal

South Africa

South Africa

South Africa

South Africa

South Africa

Uganda

Zimbabwe

City

Dundo

Nairobi

Windhoek

Dakar

Cape Town

Grahamstown

Pietermaritzburg

Pretoria

Pretoria

Kampala

Bulawayo

Institution

Royal African Museum

Natural History Museum

Museum National d’Historie Naturelle

Museum für Naturkunde der Humboldt Universität

National Museum

Centro di Studio per la Faunistica ed Ecologia Tropicali

Field Museum

American Museum of Natural History

Carnegie Museum

California Academy of Science

Smithsonian Institution

Country

Belgium

England

France

Germany

Hungary

Italy

United States

United States

United States

United States

United States

City

Tervuren

London

Paris

Berlin

Budapest

Florence

Chicago

New York

Pittsburgh

San Francisco

Washington

Table 2. Some major afrotropical entomology collections outside of Africa. Vide Arnett et al. 1993 for
details. This includes only the large collections with broad geographic and taxonomic coverage of
afrotropical insects - many additional European and American institutions have smaller holdings of
afrotropical material.

been described, and there is no convenient way
to extract such information. Without this work-
ing knowledge of the described fauna we are
unable to identify gaps to be filled. Most prac-
tising taxonomists regard this as an overwhelm-
ing challenge, but the creation and maintenance

of, for example, a telephone directory for Greater
London, or an inventory control system for a
large supermarket chain indicates that the tech-
nology to do so is not the major stumbling block.
In order to achieve this, resources must be allo-
cated above the level normally associated with
systematic work.
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In 1998, the International Centre for Insect
Physiology & Ecology (ICIPE) together with
collaborators initiated a project to compile a
checklist of described afrotropical insects as a
‘backbone’ for information management activi-
ties. Despite funding difficulties, approximately
25% was completed by the end of 2000 and is
available on the Internet [http://entomolo-
gy. s i . edu:591/entomology/Subsahara/
index.html]. Dependent on funding, we seek to
complete the data input and disseminate the
product in online, CD-ROM and paper formats.
The insect orders that have been completed at
the time of writing are Odonata, Ephemerop-
tera, Plecoptera, Trichoptera, Hemiptera (s.l.),
and the majority of Hymenoptera.

A major obstacle to Africa-based scientists work-
ing on any aspect of African insects is ascertain-
ing what information has been previously pub-
lished on a particular group. This is especially
important when species’ identification is re-
quired, as taxonomic works are often published
in low circulation journals or books; many key
papers pre-date abstracting services’ electronic
databases and therefore cannot easily be traced.
To overcome this obstacle, ICIPE began com-
piling a database of the key published works on
African insects. The eventual product shall be a
multi-access, annotated list of publications, in-
cluding information on biology, ecology, distri-
bution, and economic importance together with
identification and taxonomy. Wherever possi-
ble, texts on ethnobiology and indigenous names
for insects are also incorporated. By providing
Africa-based scientists with rapid access to in-
formation on major publications, fears of initi-
ating studies through not being familiar with
the literature shall be overcome; the starting
point for studies will be enhanced; and, time
wasted on rediscovering what is already known
shall be reduced. The International Centre for
Insect Physiology & Ecology and its collabora-
tors have compiled and made available a bibli-
ography of over 7000 citations (http://
entomology.si.edu:591/entomology/AfricaBib/
search.html, and soon within the Ecoport data-

base), but further work is required to make it a
truly useful ‘pre-digested’ guide to the most im-
portant literature. The final version shall be dis-
tributed in paper and CD-ROM formats, in
addition to the Internet. Meyer et al. (1997) pro-
vide a product for southern African plants that
is similar to what we envision for entomology.

A rich literature on African insects exists, but it
is in various languages and much of it in jour-
nals that are now difficult to locate. In addition
to the corporate serials of the institutions listed
in Tables 1 & 2, some of the other major jour-
nals for African systematic entomology include
the publications of the East Africa Natural His-
tory Society, Entomological Society of South-
ern Africa, Institut Fondamental d’Afrique
Noire, Royal Entomological Society of London,
and the periodicals Bulletin of Entomological Re-
search, Faune de Madagascar, Garcia de Orta (serie
de zoologia), Journal of African Zoology, Revista
de Entomologia de Moçambique, and South Afri-
can Animal Life.

There are also many useful compilations of
knowledge on insects associated with agricul-
ture and forestry, including the following key
references:

• Burundi: Buyckx 1962
• Cameroun: Nonveiller 1984
• Congo: Buyckx 1962
• East Africa: Gardner 1957, Le Pelley 1959

(Kenya, Tanzania, Uganda)
• Eritrea: Nastasi & Wolden-Haimanot 1967
• Ethiopia: Hill 1966, Tsedeke Abate 1991,

Walker & Boxall 1974
• Ghana: Forsyth 1966; Wagner et al. 1991
• Madagascar: Reckhaus 1997
• Mauritius: Mamet 1992; Mamet &

Williams 1993
• Niger: CIDA 1983
• Nigeria: Medler 1980; Roberts 1969; Toye

1986
• northeast Africa: Gentry 1965; Schmutterer

1969
• Reunion: Vayssieres et al. 2001

Cimbebasia 17, 2001
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• Rwanda: Buyckx 1962
• Seychelles: Kingsland & Shepard 1983
• South Africa: Annecke & Moran 1982;

Swain & Prinsloo 1986
• southern Africa (wood-feeding beetles):

Ferreira & Ferreira 1951-1957
• Tanzania: Bohlen 1978
• Uganda: Brown 1967

Important non-agricultural regional treatments
and major expedition reports include Chagos
Archipelago (Barnett & Emms 1999), Côte
d’Ivoire (Paulian 1947), Madagascar (Faune de
Madagascar series), Northwestern Sahara (Pierre
1958), Senegal (IFAN 1956, 1961, 1969),
Uganda (British Museum Ruwenzori Expedition
reports), and the Belgian surveys of various parks
in Congo, Rwanda and Burundi.

Recent reviews of economically important in-
sects by subject include:

• Biological control agents: Greathead 1971,
1986, 1989; Greathead & Greathead 1992

• Cereal stem borers and associated insects:
Polaszek 1998

• Cocoa: Entwistle 1972
• Coffee: LePelley 1968
• Cotton: Pearson 1958
• Crop pests: Prior 1985
• Freshwater: Davies et al. 1982
• Medically important arthropods: Coetzee

1999; Lane & Crosskey 1993
• Stored products pests: Harney 1993

HOW MANY INSECTS HAVE BEEN
DESCRIBED FROM AFRICA?

Prior to the ICIPE checklist project, only crude
estimates of the number of described insect spe-
cies in Africa existed. Only one large order (Dip-
tera) had a modern catalogue for Africa
(Crosskey 1980). A synthesis of entomological
knowledge was only available for one region
(southern Africa) and a published checklist for
only one country (Nigeria - Medler 1980).
Coaton (1974) published the proceedings of a
1971 meeting of experts reviewing the status of

taxonomy of insects of southern Africa (also dis-
cussed by Holm 1975 and Scholtz 1999). This
was summarised and expanded by Scholtz &
Holm (1985) and Scholtz & Chown (1995),
who tabulated about 44 000 described species
in southern Africa.

Based on comparisons between species known
from the Afrotropical Region in various insect
families and orders now completed for the check-
list, and the recently completed North Ameri-
can checklist (Poole & Gentili 1997), we expect
that there are presently about 100 000 valid spe-
cies of insects in the Afrotropical Region (ex-
cluding synonyms). Comparisons of numbers
of species for various orders and families for the
afrotropics and North America show consider-
able variance, some groups with more species in
the afrotropics or vice versa, but the overall ten-
dency is for the total number of species to be
similar.

How do these numbers of described species re-
late to the eventual total of species that exist in
the Afrotropical Region? Previous estimates in-
cluded 1 000 000 (Stork 1993) and a range from
300 000 to 9 000 000 proportional to world fi-
gures from two to 30 million (Gaston & Hud-
son 1994). In a recent review, May (2000) set-
tled on a ‘best guess’ of four million insect spe-
cies in the world, which would correspond to
some 600 000 in Africa using the conservative
approximations of Gaston & Hudson (1994).

Scholtz & Chown (1995) analysed taxonomic
knowledge of insects in southern Africa and con-
sidered “… a doubling in [species] numbers to be
the upper limit of the increase in species richness”
in the region. They reached this conclusion on
the basis of recent revisions of insects in which
some tended to double the number of known
species, whereas in others, such as Anthophridae
and Buprestidae (Coleoptera), the number was
actually reduced due to changes in synonymy.
In a detailed review of our present knowledge
of ants (Hymenoptera: Formicidae) of tropical
Africa, Robertson (2000) suggests that about half
the afrotropical species have been described.

Miller & Rogo - challenges & opportunities for African entomology
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Dudley (1996 unpubl.) counted 7500 insect spe-
cies recorded from Malawi in publications and
local collections, and suggested that the total
number of insect species in Malawi may range
from 129 000 to 558 000 dependent on the
magnitude of world estimates.

If the estimates of Scholtz & Chown (1995) for
southern Africa hold true for the entire Afro-
tropical Region, then the total number of insect
species would be several hundred thousand.
There are ‘hotspots’ of species diversity in Af-
rica (Myers et al. 2000), including the Eastern
Arc Mountains (Burgess et al. 1998; Rogo &
Oguge 2000) and the Cape Province (Picker &
Samways 1996), but nowhere in Africa does
species diversity reach the extreme levels of the
Andean region (e.g., Robbins & Opler 1997),
and many of the dry areas exhibit fairly low di-
versity for many taxa. Small soil-inhabiting in-
sects (and especially the related mites - Acari),
can be extremely diverse and may drive the fig-
ures higher following adequate sampling and
further taxonomic studies (André et al. 1992;
Lasebikan 1988; Usher 1988). Gupta (1991)
shows the uneven distribution of knowledge of
African insects - the number of species of
Ichneumonidae (Hymenoptera) known from
African countries varies from three to 458!
Gupta’s analysis also shows the important im-
pact that intensive local sampling can have in
increasing our knowledge.

STATUS OF INFRASTRUCTURE AND
HUMAN RESOURCES FOR AFRICAN
ENTOMOLOGY

Few centres of expertise on insect diversity and
systematics exist in tropical Africa, while most
of the large collections are housed in South Af-
rica, Europe and the United States. The resources
associated with the study and use of biodiversity
are not distributed equally in the world, nor is
their distribution even correlated. The
biodiversity resource itself is distributed un-
evenly, as is the knowledge about biodiversity,
the human potential to deal with it, the tech-

nology and tools to use it, and the supporting
funding. One of the challenges we must face is
how to find positive ways to move forward and
make the most of the situation.

Surveys of collections and identification serv-
ices in Africa have been undertaken many times
in the last 30 years, but most were undertaken
through mail questionnaires and were not com-
prehensive. Only the recent survey by
SAFRINET (the southern African unit of
BioNet International) for southern African
countries can be considered comprehensive, as
it included visits to many of the collections
(Eardley 1998). The surveys of botanical re-
sources for southern Africa by Smith & Willis
(1999), Smith et al. (1999) and Mössmer &
Willis (2000) provide models for what is needed
in entomology. In chronological order of publi-
cation, the surveys have been:

• Akingbohungbe et al. (1981 and associated
papers in the same volume)

• Ritchie (1987)
Arnett et al. (1993); Arnett & Samuelson
(1986) (also available partially updated at
http://www.bishopmuseum.org/bishop/
ento/codens-r-us.html)

• Hawksworth & Ritchie (1993) summarised
data from these sources and CAB Interna-
tional data

• Yitaferu (1996) summarised data for Ethio-
pia and some other African countries

• Robertson (1997) from various sources,
strongest for southern Africa

• Eardley (1998) detailed survey by
SAFRINET for southern African countries

• Scholtz (1999) and Coetzee (1999) for South
Africa only

These surveys show that there are a few excel-
lent collections located within in the Afrotropical
Region, but some of these suffer from severe lack
of associated human resources (for example the
collections in Dakar, Senegal, and Kampala,
Uganda) and the status of at least one (Dundo,
Angola) is uncertain because of civil war. Many

Cimbebasia 17, 2001
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countries have one or more collections associ-
ated with agricultural or forestry research sta-
tions, but often these have been given little at-
tention since colonial times. Most collections
require improvements in physical housing, qual-
ity of identifications, human resources and as-
sociated resources such as libraries and comput-
ers (vide Miller 1991). Several new specialised
collections are being developed to support iden-
tification services such as at ICIPE in Kenya and
the International Institute of Tropical Agricul-
ture (IITA) in Benin. Figure 2 shows the poor
representation of plant collections and natural
history museums in Africa, relative to other re-
gions (simplified from Cracraft 2000). The val-
ues of collections, the diverse uses to which they
can be applied and the issues involved in their
care and development are addressed in Drinkrow
et al. (1994), Duckworth et al. (1993), Krish-
talka & Humphries (2000), and Nudds & Pettitt
(1997).

In 1979, the ‘African Association of Insect Sci-
entists’ convened a workshop that reviewed the
situation in Africa and proposed a strategic plan
for regional insect identification and taxonomic

research centres in Africa, as well as an ‘African
Insect Survey Series.’ Unfortunately, this plan
never became reality. Ritchie (1987) reviewed
the plan, including a model project in Nairobi.
BioNet International (through its regional net-
works, SAFRINET, EAFRINET (the eastern
African unit of BioNet International), and oth-
ers) have again reviewed the problems in recent
years and proposed some of the same answers.
We hope that the Global Taxonomy Initiative
will finally provide the political interest and
funding opportunities necessary to proceed.

Over the past ten years, the economics of the
way that systematics and identification services
are paid for and distributed has changed dra-
matically (e.g. Herbert 2001; Mann 1997). One
of the reasons for this is the concept that “… all
politics are local ” (Miller 2000). Many of the
museums and research organisations of the world
have been forced by their own financial prob-
lems to increasingly focus on provincial issues
that are of greatest interest to the people who
pay the bills for their institution. As a result of
this and compounded by other factors, world
productivity in systematics appears to be on the
decline since 1990 (Winston & Metzger 1998).

Miller & Rogo - challenges & opportunities for African entomology
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Figure 2. Relative taxonomic infrastructure in different regions, represented by plant collections, plant
specimens (millions), and natural history museums. Simplified from Cracraft (2000).
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The sad reality is that at the time when we need
the greatest global interaction and the broadest
vision in order to solve systematics problems,
most of the institutions with resources to do so,
irrespective of which country they are in, have
become much more inwardly focussed. This is
where we need to find partnerships through or-
ganisations like the Global Taxonomy Initiative
(GTI) and BioNET International, in order for
these institutions to make contributions that are
seen as valuable, both to the people paying the
bills at home, and add to the global synergy of
solving the problems that we all face. Unfortu-
nately, the needs for identification services de-
scribed by Akingbohungbe et al. (1981) and
Ritchie (1987) only increase!

Recent surveys of in-country resources by ICIPE,
CABI (Hawksworth & Ritchie 1993) and
BioNet International (Eardley 1998) show that
human resources are also thinly distributed in
Africa. In addition to the simple need for funded
positions, there are additional needs for train-
ing at all levels, as well as for operating funds.
Stuckenberg (1964) noted two disturbing trends

- although most of the systematic activity on
afrotropical insects was being undertaken by spe-
cialists at institutions outside Africa, only about
7% of the world’s insect systematists indicated
an interest in the afrotropical fauna. Gaston &
May (1992) found similar trends - only about
4% of practising ecologists and 7% of insect
systematists were located in the Afrotropical
Region. Grazia et al. (2000) found only 0.8%
of the world beetle researchers in their sample
resided in Africa. In an analysis of the origins of
scientific papers in general, Galvez et al. (2000)
found that only 0.73% of their sample from
1991-1998 originated from African authors.
Although Scholtz (1999) found a strong system-
atic entomology community in South Africa, he
documented a series of problems facing the hu-
man resources and funding base. Coetzee (1999)
reviewed the strong history of medical entomo-
logical systematics in South Africa and docu-
mented the dramatic decline in human re-
sources. Herbert (2001) documented the prob-
lems in funding for systematics research and
museum collections in South Africa.
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Similar trends emerge in the analysis of tropical
biology field stations or ecological projects. Af-
rica was very poorly represented in a study of
geographic locations of tropical ecology field
studies based on reviews of selected journals for
1983, 1989, and 1999 (Braker 2000, summa-
rised here in Figure 3). In a comprehensive re-
view of studies of insects in tropical forest cano-
pies, Basset (2001) found that although some
of the earliest such studies were undertaken in
Africa by medical entomologists, Africa is tre-
mendously under-represented in recent studies.

There are many famous sites of long term
biodiversity studies in tropical Africa, but many
of these studies have focused on large mammals
in savannas, with insects being generally ignored.
Medical entomology has driven long-term in-
sect studies at sites such as Zika Forest, near
Entebbe, Uganda, overlooking Lake Victoria.
Zika has been the site of relatively intensive
biodiversity research since 1946 by the Yellow
Fever Research Institute (then East African Vi-
rus Research Institute, now Uganda Virus Re-
search Unit), including studies of vegetation,
biting flies, dragonflies, other insects, birds, and
mammals from a stationary tower erected in
1960 (Sempela 1981). The Lamto station in
Côte d’Ivoire has hosted many systematic and
ecological studies of savanna insects over many
years (Lamotte 1990). But, at least in recent
years, afrotropical field stations have not had as
much impact on development of ecological
theory as some of the famous field stations else-
where in the tropics, such as La Selva in Costa
Rica, Barro Colorado Island in Panama and
Danum Valley Field Centre in East Malaysia
(Chazdon & Whitmore 2001).

CHALLENGES

There are two key gaps in understanding and in
utilising the positive aspects of insects in Afri-
can biodiversity: a general neglect of insects in
biodiversity research, and an overemphasis on
their negative impacts in all other biological re-
search areas. Wilson (1987) called insects “The

little things that run the world …” because of
their key rôles in ecosystem function. Yet most
biodiversity and conservation programmes cur-
rently operating in tropical Africa focus on ver-
tebrates, or secondarily, flowering plants, usu-
ally ignoring insects. A 1994 survey of biodi-
versity data sets available for East Africa included
only 12 for insects, while mammals and plants
had more than 50 each, and birds and fish had
more than 40 each (WCMC 1994). Almost all
research on insects in tropical Africa focuses on
the negative aspects of insects (e.g., problems in
agriculture, forestry, livestock, and human
health) which are caused by less than 1% of in-
sect species and ignores the remaining 99%. For
example, of the more than 100 000 species of
insects known from the Afrotropical Region, less
than 500 species were mentioned between 1990
and 1995 in the journal Insect Science and its
Application (a major African entomology jour-
nal) and 97% of the articles focused on eco-
nomic/pest topics (Miller et al. 2000).

A survey of arthropod biodiversity research in
Africa, undertaken by ICIPE in 1996, indicated
that most of the current projects were based
outside of Africa, most of the information on
African biodiversity is stored in institutions in
the Northern Hemisphere, and only a fraction
of the gathered information is published (Rogo
& Xia 1998).

Yet, as noted above, there is a crucial need for
basic information on insect diversity for pest
management related to plant, livestock and hu-
man health, as well as conservation and envi-
ronmental management. Invasive (alien) species
represent a newly recognised threat that cuts
across traditional sectors (Braack et al. 1995;
Lyons & Miller 2000) and places new demands
on identification capabilities.

Unless entomologists take action to educate
policy makers and be involved actively in the
formulation of their policy, another issue that
may retard the development of the kind of com-
munication that we need to achieve is permits

Miller & Rogo - challenges & opportunities for African entomology
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for research and specimen export (e.g., Yuan et
al. 1997). As the present regulatory situation
evolves, we shall find sending, for example, a
leaf-hopper for identification will require not
only an agriculture permit (phytosanitary per-
mit or equivalent), but also a wildlife permit and
possibly a Convention on International Trade in
Endangered Species (CITES) permit. We must
ensure that the needs and interests of individual
owners of biological material as well as the coun-
tries involved are protected (vide Gollin 1999
for a review of intellectual property rights is-
sues), but also that the interchange of scientific
information to promote critical issues is pro-
moted and enhanced, not dampened by un-
wieldy bureaucracy.

OPPORTUNITIES

Recent research in Africa by several organisa-
tions shows the potential of different approaches
to these challenges, including compilation and
synthesis of pre-existing data and research tar-
geted at strategic needs. A present irony of
biodiversity conservation initiatives is that while
scientists are continually refining skills to docu-
ment the value of ecosystem services provided
by biodiversity, few governments or legal enti-
ties are prepared to pay for the conservation of
these services which up until now have been
exploited ‘for free’ by human societies.

No single African country has resources to ini-
tiate a continent-wide insect biodiversity pro-
gramme. The task is a formidable one and the
benefits so widely distributed and so diffuse as
to be lost in a sea of competing priorities. Only
a highly targeted cost effective programme co-
ordinating resources and disseminating the ben-
efits on a wide, regional or continental scale can
return the expected outcomes. A practical philo-
sophical framework was laid out by Wilson
(1992): (1) survey the world’s flora and fauna;
(2) create biological wealth; (3) promote sus-
tainable development; (4) save what remains;
and (5) restore the wildlands.

Based on an extensive consultative process,
ICIPE identified a range of projects that pro-
vide a cost-effective foundation for understand-
ing insect diversity, insect rôles in natural sys-
tems, and ways to more effectively manage those
interactions. The plan included three main com-
ponents (Miller et al. 2000): (1) An informa-
tion management programme to organise and
make available a large volume of information
that already exists but is not accessible to users.
This must be co-ordinated with other activities
already underway in the museum, systematics,
and conservation communities, and should be
carefully targeted to fill key gaps in insect-fo-
cused information management. (2) A series of
field projects evaluating the use of insects as in-
dicator organisms and quantifying their rôles in
ecosystem processes. Successful approaches from
South Africa and the Northern Hemisphere can
be applied with appropriate modifications to
tropical Africa. (3) Training and participatory
technology transfer, building on ICIPE’s exist-
ing training programmes, including the African
Regional Postgraduate Programme in Insect Sci-
ence (ARPPIS).

The Internet and the World Wide Web (WWW)
is a rapidly developing area which is drastically
changing the world we live in (Dyson 1997).
Internet provides an amazing tool for commu-
nication and access to information that was not
previously available, but some problems remain
(Anon 1999; Miller 1993). One problem is that
it will take some time before all parties and in-
dividuals have access to the Internet, although
in Africa the speed at which Internet connectiv-
ity is growing is truly impressive. As of August
2000, all 54 countries and territories in Africa
had Internet access in their capital cities (vide
African Internet Connectivity statistics at http:/
/demiurge.wn.apc.org:80/africa/). Another
problem is that the Internet is drowning in raw
data that lacks a synthetic framework and qual-
ity control, so the quality of the information you
may find is not always clear. Recent experiments
concluded that there are at least 800 million web
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pages of information on the WWW (not includ-
ing the searchable data bases), but even the best
available search engines see less than 16% of the
available information (Lawrence & Giles 1999).
This means that most of the information avail-
able on Internet is not very useful, because its
accessibility is limited. Moreover, many web sites
are clogged with elaborate graphic images, lack
useful information, and take an inordinate
amount of time to download. One particularly
interesting exception is Ecoport (http://www.
ecoport.org), which has evolved from the Food
and Agriculture Organisation of the United
Nations (FAO) Global Plant and Pest Informa-
tion System (GPPIS). Ecoport offers some novel
approaches to, among other things, a dual dis-
tribution model. Ecoport (and GPPIS before it)
is primarily disseminated on the WWW, but is
also issued on CD-ROM to serve a broader com-
munity.

Some of the opportunities for entomology in
the Afrotropical Region:
• Evolutionary theory, including aspects such

as mimicry (e.g. Clarke et al. 1995; Owen
1971; Pinhey 1978).

• Tropical ecology (e.g. Chazdon & Whit-
more 2001).

• Biogeographic studies, especially of better
known taxa such as dragonflies (Odonata),
termites (Isoptera), grasshoppers (Orthop-
tera), butterflies (Lepidoptera), dung beetles
(Coleoptera: Scarabaeoidea), and fruit flies
(Diptera: Tephritidae) applying tools such
as Worldmap (e.g. Brooks et al. 2001; Lees
et al. 1999; Lovett et al. 2000; Vane-Wright
1997). There have been few continent-wide
biogeographic papers covering diverse insect
taxa since the seminal analysis of butterflies
by Carcasson (1964), but see for example,
Nonveiller (1996) and Tsacas et al. (1981).
The isolated high mountains (the Afroal-
pine) also present interesting biogeographic
questions (Beron 2000; Bruhl 1997).

• Pest management related to agriculture, for-
estry, livestock and humans, including novel
approaches to habitat management (e.g.
Khan et al. 1997).

• Non-target impacts of pesticides and their
residues (e.g. Douthwaite & Tingle 1994).

• Prevention and management of invasive (al-
ien) species (e.g. Braak et al. 1995; Lyons &
Miller 2000; Richardson et al. 2000).

• Impacts of global climate change, especially
on pest management (e.g. MacDonald et al.
1999; Epstein 2000; Giliomee 2000;
Richardson et al. 2000; van Jaarsveld &
Chown 2001).

• Water resources management, including
development of water quality indicators and
biological control of weeds. Population
growth (with demands for agriculture and
hydroelectric power) is combining with cli-
mate change to create water stress in Africa
(Schoneboom 1998; Schultze et al. 2001;
Vörösmarty et al. 2000), that is often exac-
erbated by invasive species (Marais et al.
2000).

• Conservation, through planning (biogeo-
graphic studies, e.g. van Jaarsveld et al. 1998,
Reyers et al. 2000), assessment (e.g. Grimal-
di et al. 2000; Rogo & Odulaja 2001) and
monitoring (e.g. Agosti et al. 2000; Mc-
Geoch 1998; Reyers & van Jaarsveld 2000;
Slotow & Hamer 2000).

• Ecosystem function: there are recent reviews
of savanna studies at Lamto, Côte d’Ivoire,
and elsewhere in Bourlière (1983) and La-
motte (1990), but much more research needs
to be undertaken on insect rôles.

• Alternative livelihoods, including insects as
food (e.g., protein and honey), fiber (e.g. silk
- Raina 2000; Raina & Kioko 2000), cash
crops (e.g. butterflies or chemical extraction),
mini-livestock (Odhiambo 1977) and
ecotourism. Termite nests are also used for
building materials (Swaney 1999: 435). For
example, many of these facets are included
in an integrated conservation programme at
Kakamega Forest in Kenya (Rogo et al.
2000).

• Natural products research, especially novel
chemical aspects of insect-plant interactions
and arthropod venoms (e.g. Iwu 1996; Tor-
to & Hassanali 1997; Weiss & Eisner 1998).
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The influence of insects on soil chemistry
may even be utilised in prospecting for min-
erals (e.g. Watson 1974).

It is worth noting some of the conclusions of a
recent review of terrestrial zoology research in
South Africa (Chown & McGeoch 1995): “The
future weaknesses … are likely to be a lack of in-
ternal and external communication, poor judge-
ment concerning irrelevant, but ‘fashionable’ re-
search trends, and a tendency to place too high a
value on certain research directions. … The elabo-
ration of sound theoretical and practical guidelines
for the integration of conservation and other land
use practices (especially agriculture) is the greatest
challenge …”

CONCLUSION

By developing a foundation of knowledge and
trained personnel, ecological monitoring strat-
egies and sustainable development applications
could be established that draw on the strengths
of the African arthropod resource base. In a con-
tinent which has historically been remarkable
for the co-existence of human societies with a
rich and varied wildlife, the challenge is to di-
rect natural resource development along lines
that foster this co-existence with the more ubiq-
uitous but less noticed aspects of biodiversity
such as insects and other arthropods. These are
often the organisms that most directly impinge
on human welfare, thus the success of biodiver-
sity conservation may well hinge on how well
we meet this challenge. In the largely intact,
undeveloped landscapes of Africa, we still have
tremendous potential for conserving the fine
fabric and delicate linkages of nature in and
among human development. The task before us
is to document its existence and importance be-
fore it is lost. The Global Taxonomy Initiative
of the Convention on Biological Diversity pro-
vides an opportunity to expand the experiments
discussed above so that, as envisioned by Wilson
(2000), all these information sources become
readily available to, and support wise decisions
by, biodiversity managers in the field.
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