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DEDICATION TO BRIAN ROY STUCKENBERG (1930-2009)

The Manual of Afrotropical Diptera is dedicated to the memory of the
late Brian Roy Stuckenberg, regarded by many as “the father of modern
African dipterology”. Brian was a formidable scholar with an encyclopaedic
knowledge of the dipterological literature. He was in many ways unusual
among South African entomologists, in that he took a strong interest in more
theoretical and philosophical aspects of biological enquiry, especially phy-
logenetic systematics and biogeography. Always progressive in his thinking,
in 1958 Brian published his revision of Malagasy Blephariceridae, which
was the first publication in English to apply Hennig’s theory of cladistics.
In a distinguished career that spanned 56 years, Brian published over 100
publications, including studies of at least 23 families of Diptera. As a mark
of the respect in which he was held by his peers, over 100 species and five
genera of Diptera were named in his honour, together with taxa in at least
11 other insect orders.

The reader is referred to the following publication, for additional infor-
mation on Brian’s life and career: Kirk-Spriggs, A.H. 2012. Dedication — the
life, career and major achievements of Brian Roy Stuckenberg (1930-2009).
In: Gedenkschrift in honour of Brian Roy Stuckenberg (1930-2009). African
Invertebrates 53: 1-34.
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FOREWORD
George McGavin

What is it about the natural world that is so endlessly absorb-
ing? Perhaps it is because, to paraphrase the British scientist
John Burdon Sanderson Haldane (1892-1964), it is not only
stranger than we can imagine, it is stranger than we could pos-
sibly imagine. My first serious study of insects concerned plant
bugs (Hemiptera) and although they are interesting animals —
what insects are not — | now feel rather short changed. If only |
had found the wonderful world of flies at that formative stage in
my career. The Diptera are without doubt the most ubiquitous
and extraordinary of all insects. The impact they have had on
human beings has been and continues to be truly immense. In
popular consciousness, the word “fly” usually conjures up im-
ages of dirt, disease and death, more so perhaps in Africa than
elsewhere, but it is the activities of relatively few species that
have had a negative impact. It is an inescapable fact that flies
cause tremendous losses of crops and other important plants
and enormous numbers of wild and domestic animals and per-
haps as many as one person in six are affected by fly-borne
diseases. But the feeding habits and abilities of the vector spe-
cies have been hijacked by pathogens and it would be totally
illogical to tar all flies with the same brush. Flies are one of the
dominant and most ecologically diverse insect orders and most
fly species are crucial to the functioning of global ecosystems.
The sheer variety of fly lifestyles is astounding. As pollinators,
herbivores, parasites, parasitoids and predators and as vital part
of the processes of decomposition and nutrient recycling they
are a completely indispensable group of animals.

Halteres, or balancing organs as they are sometimes known,
are unique to flies and even most wingless species such as
louse flies and bat flies have a pair. The genetic tweaking that
converted the hind wings of their antecedents into these gy-
roscopic stabilisers opened up a whole world of possibilities
and for the past 245 million years or so flies have taken full
advantage of their unparalleled aerial supremacy. No one can
watch a hover fly darting and hovering and not be mesmerised
by the utter beauty and brilliance of their flight and it is not
surprising that their flight mechanics and control systems are
being studied.

MANUAL OF AFROTROPICAL DIPTERA — VOLUME 1

SURICATA 4 (2017)

George McGavin was born in Glasgow and educated at Daniel Stewart’s College in Edin-
burgh. He studied Zoology at Edinburgh University, followed by a PhD in entomology at Im-
perial College and the Natural History Museum in London. After 25 years as an academic at
Oxford University, looking after the world famous Hope Entomological Collections, he be-
came a television presenter, working mainly for productions from the BBC Natural History
Unit in Bristol. George is an Honorary Research Associate of the Oxford University Museum
of Natural History and a Research Associate of the Department of Zoology at Oxford Uni-
versity, as well as a Fellow of the Linnean Society and the Royal Ceographical Society, an
Honorary Fellow of the Royal Society of Biology and an Honorary Life Fellow of the Royal
Entomological Society. As well as his many TV appearances George has written numerous
books on insects and other animals.

I spent twenty-five years looking after the insect collections
in the Oxford University Museum of Natural History and some
of the specimens | would take great pleasure in showing visi-
tors included the holotype of Clossina morsitans — collected in
Africa by Dr. David Livingstone (1813-1873) and sent back to
John Obadiah Westwood (1805-1893) in Oxford for descrip-
tion. The life cycle of tsetse shows just how flexible and versa-
tile dipterans can be. There is no need for a risky, free-living,
larval stage when the female tsetse can nurture her single larva
in utero. | have since had close encounters with tsetse in Africa.
Another favourite show-and-tell was a box of strange, mud cyl-
inders with perforated margins like three-dimensional postage
stamps. These intriguing artefacts are made by the larvae of
certain species of horse fly that live in ephemeral pools. As the
larvae mature the pools often dry up, so to avoid being ripped
apart and desiccated, the larvae burrow up and down in the
stiffening mud. Their path isolates a neat cylinder inside which
they pupate. As the ground dries as hard as concrete the cracks
that form bypass the cylinders and the flies survive.

I was lucky enough to have had the opportunity to study
the insect fauna of savanna tree canopies in Tanzania for a few
years and the masses of specimens | collected by pesticide mist
blowing was both staggering and overwhelming in equal meas-
ure. In the end it was necessary, as with many mass collection
studies, to simply assign individuals to RTU’s (recognisable
taxonomic units) — a technical-sounding phrase that actually
means — “I don't really know what this species is, but it's not
like the other species in the sample”. | knew in my heart it was
not good enough, but | had to make some headway with the
mounds of material under my microscope. | shudder to think
what amazing species are still languishing in tubes of alcohol.
If only I had had this book to hand I could have done and
learned so much more. The Manual of Afrotropical Diptera will
be an indispensable guide and reference, both for those just
starting on the path to entomological enlightenment and those
who have made it their life’s work to study the most successful
and enduring multi-cellular organisms to have ever lived on
Earth. Just as important, the Manual will be an inspiration to
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anyone wanting to contribute something to science, but not
yet sure how to do it. A multitude of fly species awaits collec-
tion and description and the biology of many named species
is unknown and the larvae of many others have not yet been
found or described.

I am delighted that this major work will bring the diverse and
astonishing Afrotropical fly fauna to a much wider audience.
The four volumes of the Manual are the result of a collabo-
ration of over ninety international experts, truly “Lords of the
Flies” and is the first ever synopsis of the 108 families of flies
that occur in the Afrotropical Region. It is quite simply a superb
achievement and will be an essential research tool and teach-
ing aid for as long as people pick up a collecting net or empty
a Malaise trap.

Vii

The natural world and its innumerable six-legged inhabit-
ants, is the only thing that has ever really interested me and it
will continue to enthral me until | die. If | have a choice in the
matter, when | die | would like to be laid out in a tropical forest
where | would be rapidly consumed and then recycled. A large
number of the atoms that | have had on loan would surely end
up in the bodies of flies. | can think of no better end.

Py Mt

Dr. George McGavin
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This Manual represents the first regional initiative for any
insect order on the African continent. Production of any re-
gional manual of this kind is a monumental task that involves
a multitude of people throughout the international diptero-
logical community. Without the dedication of time, energy
and commitment of this community as a whole, such projects
would be impossible and it is an accolade to the spirit of co-
operation that abounds in this community that this Manual is
now published (the fourth regional Diptera manual of its kind!).
As Editor-in-chief | express my very sincere thanks to the over
90 chapter authors who have submitted such professional and
comprehensive chapters and made this Manual possible. The
Afrotropical Diptera faunas of numerous families has never
been properly reviewed in the past and no identification keys
were available, so for many authors this has entailed the ex-
amination of extensive material from the region, dealing with
complex issues of defining the limits of genera (and nomencla-
ture) and the construction of entirely new identification keys
and synopses of the fauna.

As with many great ideas, the seed concept of a Manual of
Afrotropical Diptera was sown in the pub! The idea was first
raised over drinks when Thomas Pape visited Namibia way back
in 1999. Thomas’ idea grew from this initial suggestion and over
the intervening years various informal discussions were held with
dipterists based in South Africa and elsewhere, including D.A.
Barraclough, J.G.H. Londt, M.B. Mostovski and the late B.R.
Stuckenberg, to assess the feasibility and practicalities of em-
barking on such a project. One concern that was expressed by
many, was our ability (or otherwise), of securing willing authors,
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prepared to contribute chapters on each and every family that
occurs in the region. The project became more formalised in
2009 and the first list of potential chapter contributors was com-
piled, with the assistance of various dipterists from around the
world. The Editorial Panel was established at the same time and
invitations to contribute chapters were distributed to potential
authors. With the assistance of M.B. Mostovski, the official web-
site was launched in 2009, which provided extensive informa-
tion for contributing authors. The project was officially launched
at the 7" International Congress of Dipterology, San José, Costa
Rica, in 2010 (ICD7), with a wine reception sponsored by
E. Oppenheimer & Son. M.B. Mostovski was initially Assistant
Editor, but dropped out of the project shortly before leaving
South Africa in January 2014, after which the task was very ably
taken on by B.J. Sinclair. The original plan was to publish the
Manual in two volumes in 2015, but it soon became apparent
after the closing date for chapter submissions (November 2014),
that this would not be possible, as numerous chapter authors had
not then submitted and the processing of chapters was taking far
longer than anticipated. It was also decided around this time
that due to the length of the very large Tachinidae chapter (with
over 400 key couplets), we would need to publish the Manual in
three rather than two volumes. It was, therefore, announced at
the 8" International Congress of Dipterology, Potsdam, Germany
(ICDB8), that Volume 1 would be published in 2016 (later extend-
ed to 2017), with the aim to publish Volumes 2 and 3 in 2018,
to coincide with ICD9, which will be held in Africa for the first
time. Near to the completion of Volume 1 it became apparent,
however, that this had become unmanageably large and could
not be published as a single volume. It was therefore decided
to split this into two volumes with the final Manual eventually
appearing as four separate volumes.
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Permission to reproduce images from previously published
sources is the responsibility of respective chapter authors.
Sources of original figures are indicated at the ends of the fig-
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images (as required) from the Manual of Nearctic Diptera and
the Manual of Central American Diptera by Robert M. Forrest
(NRC Research Press, National Research Council of Canada).
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B.S. Muller. The Trustees of the Natural History Museum (Lon-
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N. Chillingworth, E. McAlister, A. Polaszek and D.B. Whitmore.

All photographic credits are included at the end of the figure
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tom of the first page of the 11 introductory chapters and two
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INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL

DIPTEROLOGY
Ashley H. Kirk-Spriggs

General introduction

The Diptera (“true flies” or “two-winged flies” as they are
known) constitute one of the largest orders of insects in the
biosphere. They are as diverse morphologically and biolog-
ically as they are numerous and many groups have evolved
spectacular structural adaptations commensurate with their
environment and biology. During their long evolutionary his-
tory, virtually every terrestrial niche has been occupied by the
Diptera, making them one of the most successful groups of
organisms on Earth. Many have co-evolved in association with
other organisms and become highly specialised parasites or
parasitoids of a range of disparate groups of plants and ani-
mals. Whether focusing on their systematics, biology, biogeog-
raphy, conservation, or the more applied aspects, the Diptera
remain a fascinating and intriguing group.

The applied significance of the Diptera cannot be overesti-
mated. On the negative side, they are especially significant in
Africa, as numerous species are vectors of deadly insect-borne
diseases and other pathogens to humans and their livestock
(e.g., Culicidae, Glossinidae and Ceratopogonidae), including
malaria, trypanosomiasis (and the animal equivalent nagana),
leishmaniasis and African horse sickness, to name but a few.
Others are serious agricultural pests and can significantly affect
crop yields or damage produce (e.g., Tephritidae, Cecidomyi-
idae, Chloropidae and some Muscidae), thereby negatively
impacting a country’s ability to export produce and, conse-
quently, its Gross Domestic Product.

On the positive side, the role of Diptera in pollination has
received increasing attention in recent years, with studies in-
dicating that the Diptera may be far more significant in pol-
lination biology than previously considered. Many parasitoid
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species (especially the Tachinidae) are potential agents in bio-
logical control, while others are now used routinely in forensic
investigations (Calliphoridae, Piophilidae, etc.). The Diptera
are also probably the most significant group in terms of the
degeneration and decomposition of animal and other organic
matter, being instrumental in the breakdown and release of
nutrients back into the soil.

Figures for 2013, available from Systema Dipterorum (Pape
& Thompson 2013), indicate that 160,042 species of Diptera
are known worldwide, of which 20,350 are known from the
Afrotropical Region (excluding Oman and United Arab Emir-
ates), representing 13% of the world fauna (T. Pape, pers.
comm. 2017). The Afrotropics are still in what Irwin et al.
(2003: 701) termed the “discovery phase”, being the part of
a timeline during which most species in a given environment
are discovered and described. According to the most recent
predictions (Kirk-Spriggs & Stuckenberg 2009: 170), there are
upwards of 30,000 species remaining to be described from the
Afrotropics, indicating that only two-fifths of the Diptera fauna
of that region are currently known. If the total number of spe-
cies added to the regional list from 1981-2006 is considered
(3,371), this gives an average of 129 new species annually. Hy-
pothetically, at that average rate of taxonomic growth it would
take almost three centuries (231-289 years) to reach the end
of the discovery phase for the Afrotropical Region (Kirk-Spriggs
& Stuckenberg 2009: 171). Africa has fewer Diptera taxono-
mists and systematists than any other continent and it is essen-
tial we encourage a new generation of Africa-based dipterists
to take on the critical task of describing these new taxa before
they disappear entirely, due to habitat destruction.

The main purpose of this Manual of Afrotropical Diptera is
to provide an up-to-date, well-illustrated, easily interpretable
means for identifying families and genera of two-winged flies
of the continental Afrotropical Region, its associated oceanic
islands and the southernmost Arabian Peninsula (as defined in
detail below). It is also designed to be a basic reference work
to a wide spectrum of biosystematic information on Diptera
for professional biologists, teachers, university students and in-
formed amateurs. The main aim of the Manual is to foster a
better understanding of the science of dipterology, especially
in Africa, and encourage the study of Diptera by new genera-
tions of dipterists based in Africa and elsewhere.

Although this Manual is designed for a wide array of workers
from amateurs to specialists, some fundamental knowledge is
necessary for its use. A working familiarity with entomological
terminology and methodology, as well as some training in ba-
sic taxonomic principles is essential. Chapters 3 deals with the
morphology and terminology of adults and Chapter 13 with
larvae and both include detailed glossaries of terms that are
used consistently throughout the Manual, as well as other al-
ternative terms used formerly in the dipterological literature.

Afrotropical regional fauna and endemicity

A total of 108 families of Diptera occur in the Afrotropical
Region (the same number as North America), representing 83%
of the 130 extant families known globally. The best represented
families in the region (with over 500 described species each) are:
Asilidae (1,685); Bombyliidae (1,384); Chironomidae (604); Culi-
cidae (780); Dolichopodidae (770); Limoniidae and Tipulidae
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(ca 1,045); Muscidae (1,035); Syrphidae (ca 600); Tabanidae
(ca 800); Tachinidae (1,126); and Tephritidae (ca 1,000) (fig-
ures from chapters included in this Manual). This may, at least
in part, reflect the degree of taxonomic study rather than the
true number of species. The least known families in the region,
with more than a 1,000 predicted undescribed species are: Asil-
idae (1,900); Cecidomyiidae (5,000-10,000); Ceratopogonidae
(2,000); Dolichopodidae (1,000-1,500); Limoniidae (1,500);
Mycetophilidae (2,000); Phoridae (2,000-3,000); Sciaridae
(2,000); Sphaeroceridae (1,000-2,000); and Tachinidae (1,000)
(Kirk-Spriggs & Stuckenberg 2009: 184-187).

Four families are endemic to the region (in the extant fauna):
Glossinidae, Marginidae, Mormotomyiidae and Natalimyz-
idae, although Clossinidae and Natalimyzidae are known in
the fossil record from North America and Europe respectively
(Grimaldi & Engel 2005: 545; Tschirnhaus & Hoffeins 2009).
Mormotomyiidae and Natalimyzidae are currently monotyp-
ic, but numerous undescribed species of Natalimyzidae are
known from the Afrotropics. The occurrence of the family
Trichoceridae in the Afrotropics is questionable, but the family
is included in both the Key to Diptera families—adults (Chap-
ter 12) and Key to Diptera families—larvae (Chapter 13).

Content of the work

Volume 1 includes 11 general introductory chapters, plus
the identification keys to families for adults and larvae (Chap-
ters 12 & 13). Volume 2 includes 43 chapters (Chapters 14-56)
that deal with individual families of nematocerous Diptera and
lower Brachycera. Volume 3 covers Brachycera: Cyclorrhapha
(excluding Calyptratae) and includes 51 individual family
chapters (Chapters 57-107); and Volume 4 covers Brachycera:
Cyclorrhapha: Calyptratae, with 12 individual family chapters
(Chapters 108-119), including the very large chapter dealing
with the Tachinidae (Chapter 118). The families Limoniidae
and Tipulidae (Volume 2, Chapter 14) are dealt with in a single
chapter and the Campichoetidae (the family status of which
remains uncertain) is dealt with as part of the Diastatidae (Vol-
ume 3, Chapter 104). A taxonomic index is provided in each
of the four volumes. Volumes 2, 3 and 4 also include a table
of contents, a list of authors and author acknowledgements for
chapters in these respective volumes.

There were no pre-set limits to lengths of chapters, thus
lengths vary greatly. The longer chapters do, for the most part,
reflect the larger families, or those families of greater economic
importance, that are generally better studied and for which
more information is available. As with all multi-authored pro-
jects of this kind, some authors submit the bare minimum,
while others prefer to be more expansive. The editors have not
attempted to expand shorter chapters or substantially reduce
larger ones. Spelling of words follows British rather than Amer-
ican orthography.

Geographical scope of the Manual

The Afrotropical Region as defined for this Manual includes
all the numbered countries, islands or island groups indicated
by the numbers 1-73 on Fig. 1. Madagascar and its adjacent
islands, treated as a separate zoogeographical region by some
zoologists (e.g., Ficetola et al. 2017), is treated here as an
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integral part of the Afrotropical Region. This largely follows
Crosskey’s (1980: 32) concepts of the region with, for practical
reasons, the regional boundaries between the continental Afro-
tropical and Palaearctic Regions — being the northern state
boundaries of Mauritania, Mali, Niger, Chad and Sudan (Nos
1-5 on Fig. 1). The Hogger Mountains of the central Sahara,
that span Algeria, Chad and Mali exhibit a primarily Palaearctic
fauna and flora, but include some Afrotropical floral and faunal
elements (Kirk-Spriggs & McGregor 2009; see Chapter 9).

Crosskey’s (1980) concept of the boundary of the Afrotropical
part of the Arabian Peninsula as the northern borders of Yemen
and South Yemen alone is here regarded as too conservative,

given compelling evidence from other groups, such as the
Rhopalocera (Larsen 1984) and the Neuroptera (Holzel 1998),
which support a wider concept of the region and mirrors that of
amphibians as illustrated by Holt et al. (2013, fig. 3A). Ficetola
et al. (2017) go further and include Saudi Arabia and even Iran
(essentially including the Eremian Realm into the Afrotropical
Region, where others have it is a nebulous Palaearctic/Orien-
tal/Afrotropical Region). This issue has been discussed at some
length by Kirk-Spriggs & Stuckenberg (2009: 157-158) and
Kirk-Spriggs & McGregor (2009). The region as defined here,
therefore, extends the concept of the Afrotropical Region far-
ther eastwards, to include the modern coastal Arabian states of
Yemen, Oman and United Arab Emirates (Nos 11-14 on Fig. 1).

Fig. 1.1. Map indicating extent of Afrotropical Region as applied in this Manual, with states (countries), islands and island groups
numbered (1-73) as in the accompanying Table 1 (G.K. McGregor; based on Crosskey 1980: 32, with additions and amend-

ments).
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earlier, alternative and Arabic name(s) used in the literature.

State or island names used in the

Manual

Reference
number on Fig. 1

Earlier, alternative and Arabic name(s)

Agaléga Is. (Mauritius)
Aldabra Is. (Seychelles)
Amirante Is. (Seychelles)
Angola

Annoboén Is. (Equatorial Guinea)
Ascension Is. (British)

Astove Is. (Seychelles)

Benin

Bioko Is. (Equatorial Guinea)
Botswana

Burkina Faso

Burundi

Cabo Verde (Cape Verde Is.)

Cameroon

Central African Republic
Chad
Coétivy Is. (Seychelles)

Comoros

Cosmoledo Is. (Seychelles)
Cote d’Ivoire

Democratic Republic of Congo

Djibouti
Equatorial Guinea
Eritrea

Ethiopia

Gabon

Gambia

Ghana

Gough Is. (British)
Guinea
Guinea-Bissau
Kenya

Lesotho

Liberia
Madagascar
Malawi

Mali
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73
67
70
41
55
56
68
26
52
47
20
37
15
28

29
4

71
65

69
23
33

30

31
17
24
59
19
18
35
50
22
45
43

Portuguese West Africa

Also referred to as Annabon, Anabon, Pagalu or Pigalu

Dahomey; French West Africa (in part)

Fernando Péo; Fernando Po; Masie Ngueme Biyogo Island
Bechuanaland

French West Africa (in part); Upper Volta

Ruanda-Urundi (Urundi in part)

French Cameroons (with southern British Cameroons additionally); French
Equatorial Africa (in part); also spelt Cameroun

Ubangi-Shari; French Equatorial Africa (in part); Central African Empire

French Equatorial Africa (in part)

Officially I'Union des Comores, comprising main islands of Grande Comore
(Ngazidja), Mohéli (Mwali) and Anjouan (Ndzuani)

French West Africa (in part); Assinie territory; also referred to as Ivory Coast

Congo Free State; Belgian Congo; Republic of the Congo (Léopoldville); State
of Katanga; Zaire (officially Republic of Zaire)

Afars and Issas Territory; French Somaliland

Spanish Guinea (excluding Bioko Is. and Annobén Is.); Rio Muni
Abyssinia with Ethiopia; Italian Eritrea; Italian East Africa
Abyssinia with Eritrea

French Equatorial Africa (in part)

Senegambia (in part)

Gold Coast with British Togoland (i.e., part of earlier German Togoland)
“Gongalo Alvares”

French Guinea

Portuguese Guinea

British East Africa

Basutoland; officially Kingdom of Lesotho

Grain Coast

French Madagascar

Nyasaland; more correctly Malawi

French Sudan; French West Africa (in part)
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Table 1.1. List of contemporary Afrotropical states (countries), islands and island group names, number references on Fig. 1; and
earlier, alternative and Arabic name(s) used in the literature (cont.).

State or island names used in the

Reference

Earlier, alternative and Arabic name(s)

Manual number on Fig. 1

Mauritania 1 French West Africa (in part)

Mauritius 61 “Dina Arobi”, “Cirne”, “lle de France”

Mayotte Is. (French) 66 Maore

Mozambique 44 Portuguese East Africa; also spelt Mogambique

Namibia 46 “Cimbebas”; German South West Africa; South-West Africa (as province of
South Africa)

Niger 3 French West Africa (in part)

Nigeria 27 Present Nigeria with southern part of British Cameroons (now in Cameroon);
Biafra (in part)

Oman 13 Majan; Muscat and Oman; officially Sultanate of Oman; wJhags ¢lo Saltanat
Uman

Pemba Is. (Tanzania) 40 10z S BIdgale

Republic of Congo 32 French Congo; Middle Congo; Congo — Brazzaville; French Equatorial Africa (in
part); Congo

Réunion Is. (French) 60 “Bourbon”

Rodriquez Is. (Mauritius) 62

Rwanda 36 Ruanda-Urundi (Ruanda in part)

Saint Brandon Is. (Mauritius) 64 Also known as Cargados Carajos Sholes

Saint Helena Is. (British) 57

Sao Tomé and Principe 53/54

Senegal 16 French West Africa (in part); Senegambia (in part)

Seychelles 72

Sierra Leone 21

Socotra Is. (Yemen) 12 Also spelt Soqotra; (w3h s Suqutra

Somalia 10 Benadir; Italian Somaliland with British Somaliland

South Africa 51 “Caffraria”; Cape Colony; Bophuthatswana (in part); Kaffraria (in part); Union
of South Africa

South Sudan 6 “Nubia”; Anglo-Egyptian Sudan; Sudan

Sudan 5 “Nubia”; Anglo-Egyptian Sudan

Swaziland 49 Officially Kingdom of Swaziland

Tanzania 38 German East Africa with Zanzibar and Pemba islands; Tanganyika Territory with
same islands

Togo 25 French Togoland; German Togoland (excluding part later British-administered
and now part of Ghana)

Tristan da Cunha Is. (British) 58

Tromelin Is. (French) 63 “lle des Sables”

Uganda 34 Uganda Protectorate

United Arab Emirates 14 Trucial States; Emirates of Oman; 255 255 1dJal i 1dg sgs 1az 38 Dawlat al-Im
arat al-Arabiyah al-Muttahidah

Yemen 11 “Sheba”; “Arabia félix”; Aden with Aden Protectorate; 'Jissc al-Yaman

Zambia 42 Northern Rhodesia

Zanzibar ls. (Tanzania) 39 Also referred to as Unguja

Zimbabwe 48 Southern Rhodesia

INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL DIPTEROLOGY 1
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The geographical concept adopted here for the region also
follows Crosskey (1980), in including the South Atlantic islands
of Ascension (56), Saint Helena (57), Tristan da Cunha (58) and
Gough (59) in the Manual coverage, in addition to the Cape
Verde Islands (15) (hereafter referred to by the modern state
name Cabo Verde), the Gulf of Guinea islands of Bioko (52),
Sao Tomé and Principe (53/54) and Annobén (55) and the is-
lands of the western Indian Ocean (islands and island groups
numbered 60-73 on Fig. 1) that are conventionally ascribed to
the Afrotropical Region in its wider sense. The islands of Zan-
zibar (39) and Pemba (40), situated off the coast of Tanzania
were not listed by Crosskey (1980: 29-31), but are indicated
on Fig. 1 and in the above Table 1. The sub-Antarctic islands
of the southern Indian Ocean (including Marion Island) are
excluded.

Defined “subregions” in the Afrotropical Region, as applied
in the text are as follows: Atlantic Ocean Islands (Ascension Is.,
Cabo Verde, Gough Is., Saint Helena Is. and Tristan da Cunha
Is.); Central Africa (Angola, Atlantic Ocean islands (Annobén
Is., Bioko Is. [formerly Fernando Péo], Sdo Tomé and Principe),
Cameroon, Central African Republic, Chad, Democratic Re-
public of Congo, Equatorial Guinea, Gabon, Malawi, Republic
of Congo and Zambia); East Africa (Burundi, Djibouti, Eritrea,
Ethiopia, Kenya, Rwanda, Somalia, South Sudan, Sudan, Tan-
zania [incl. Pemba Is. and Zanzibar Is.] and Uganda); Indian
Ocean Islands (Aldabra Is., Amirante Is., Comoros, Cosmoledo
Is., Europa Is., Madagascar, Mauritius, Réunion Is., Seychelles
and Tromelin Is.); Southern Africa (Botswana, Lesotho, Mo-
zambique, Namibia, South Africa, Swaziland and Zimbabwe);
Southern Arabian Peninsula (Yemen [incl. Socotra Is. and Abd
al Kuri Is.], Oman and United Arab Emirates); and West Africa
(Benin, Burkina Faso, Cote d’Ivoire, Gambia, Ghana, Guinea,
Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Sene-
gal, Sierra Leone and Togo). Although Mozambique spans both
Southern and East Africa it is listed only under Southern Africa.

State and island names applied in the Manual

Modern names are used for Afrotropical states (countries)
throughout the Manual. An alphabetical list of names applied
(Table 1), together with the reference numbers used on Fig. 1,
are provided above to enable the countries and island/island
groups concerned to be located. The list also indicates former
names (if any) by which states and islands/island groups have
been known in the past and recorded in the literature, alter-
native names and Arabic names (where applicable). This infor-
mation is largely based on the list provided by Crosskey (1980:
29-31), with additions and amendments. All continental Af-
rican states are republics, so with the exception of Republic
of Congo and Democratic Republic of Congo (which require
distinction) this is not included in state names to obviate repet-
itive use of the words “Republic of”.

The state name Cote d’Ivoire is preferred over the anglicised
name Ivory Coast and is used throughout the text. If islands or
island groups comprise independent states (i.e., Cabo Verde,
Comoros, Madagascar, Mauritius, Sdo Tomé and Principe
and Seychelles), then these are cited according to accepted
state names. The abbreviation “Is.” for “Island” is only applied
for islands that form part of Afrotropical states (i.e., Aldab-
ra, Amirante, Annobén, Astove, Bioko, Coétivy, Cosmoledo,
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Pemba, Rodriquez, Saint Brandon, Socotra and Zanzibar),
or islands that are protectorates of other countries (i.e., As-
cension, Gough, Mayotte, Réunion, Saint Helena, Tristan da
Cunha and Tromelin). The term “Region” is only applied to
true zoogeographical regions, while the Holarctic is referred to
as “Realm”, to avoid confusion.

Principle changes in state and island names since publica-
tion of Crosskey (1980) comprise the following: Cargados Ca-
rajos Is. (= Saint Brandon Is.); Congo (= Republic of Congo);
Ethiopia (= Ethiopia and Eritrea); Fernando Péo Is. (= Bioko
Is.); Southern Rhodesia (= Zimbabwe); Sudan (= Sudan and
South Sudan); Upper Volta (= Burkina Faso); and Zaire (=
Democratic Republic of Congo). Crosskey (1980: 31) noted
some impending name changes that were not adopted in his
Catalogue, i.e., Central African Republic to Central African
Empire, Fernando Pdo to Macias Nguema and Annobdn to
Pagalu, for which currently accepted names are now Central
African Republic, Bioko Is. and Annobén Is., respectively. The
state name Namibia was applied in Crosskey’s (1980) Cata-
logue, in accordance with United Nations practice, but Na-
mibia did not attain official independence until 1990.

A colonial map (ca 1914) is provided as Fig. 2, to aid in in-
terpreting colonial African names referred to below. It has only
been practicable to include superseded names in their English
language forms, e.g., British East Africa or German East Africa,
but not Afrique orientale anglaise or Deutsch Ost-Afrika.

Introductory chapters

Thirteen introductory chapters are included in this volume.
The first chapters summarise the state of regional knowledge
in the fields of agricultural and veterinary, medical, phytosan-
itary and forensic dipterology. Other chapters deal with col-
lection and preservation, adult morphology and terminology,
natural history, biogeography, conservation and phylogeny of
Diptera, and present identification keys to families: one to
adults (Chapter 12) and one to larvae (Chapter 13). The key to
Diptera families — adults is the first colour photographic key
to appear in any regional Diptera manual and the key to Dip-
tera families — larvae is the first complete key to all families
that occur in the Afrotropical Region (for which the immature
stages are known). These introductory chapters are included
as brief summaries only and further details in most of these
subject fields are included in the individual family chapters.
Due to the diverse subject matter of the introductory chapters
no standard headings were adopted and these are included at
the authors’ discretion.

Family chapters

Each family chapter includes a chapter number and vernac-
ular name(s). The vernacular names used are based on those
applied in previous regional manuals, those used by Marshall
(2012), or in some cases, the preferences of individual authors.
These names are not formalised and have no bearing on any
standardisation of terminology and if no generally acceptable
vernacular name was available for families these were given
names using a derivation of the family group name, e.g., psilid
flies (for Psilidae), heleomyzid flies (Heleomyzidae) and cryp-
tochetid flies (Cryptochetidae).
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Each family chapter includes a frontispiece photograph of a
“typical” example of the family (usually supplied by Stephen
A. Marshall). For some of the larger families with diverse ap-
pearance, additional photographic plates have been provided
to illustrate the diversity of the group (if suitable images were
available).

Chapters include a short description and diagnosis (in tel-
egraphic style), a summary of the known biology and immature
stages, a section on economic significance (if any) and sections

European coloniser
[ Belgium
[0 Britain
[ France
Germany
 ltaly
[ Portugal
[ spain

" Independent

dealing with the classification and identification of the family.
The term “diagnosis” as applied here is used in the broadest
sense and may comprise either a short list of characters that
define the family precisely, or a more detailed description of
characters defining constituent genera (at the discretion of the
author(s) concerned). If a telegraphic diagnosis was provided
by the author(s) for immature stages, then this is included un-
der the “Diagnosis” heading, if not, a general description of
immature stages is provided in narrative style under the head-
ing “Biology and immature stages”.

German
East Africa

Fig. 1.2. Map of European colonies and protectorates in continental Africa, the Arabian Peninsula and Madagascar ca 1914 (C.K.
McGregor; after M. Siegel, Rudgers Cartography 2010, with amendments available at: http://exhibitions.nypl.org/africanaage/

maps.html).
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If two or more genera occur in the Afrotropical Region, a
dichotomous identification key to adults is provided (written in
telegraphic style) in all cases, usually to genera only, butin a few
cases to subgenera (e.g., Simuliidae) and/or informal species-
group names. For consistency, all identification keys are indi-
cated in titles as keys to Afrotropical genera only, even if these
keys include higher taxonomic ranks (subfamilies and tribes)
or lower taxonomic ranks (subgenera) and/or informal species-
group names. For some families, especially groups with aquatic
larvae that are highly diagnostic and are used routinely (e.g.,
Ceratopogonidae, Culicidae and Simuliidae), identification
keys to larvae and, in a few cases, to pupae, are also provided
at the discretion of the author(s).

The identification keys are also intended for students and nov-
ice dipterists, so every effort has been made to specify main body
parts referred to and to wing veins, cells and crossveins, rather
than to the abbreviations alone (i.e., “Wing vein M,” rather than
“M,”, “cell m,” rather than “m,” and “crossvein r-m” rather than
“r-m"” alone). Likewise, all structures on figures referred to in the
diagnoses and identification keys are indicated on the respective
figures using standard abbreviations to assist student dipterists in
interpreting structures. Characters of the male and female termi-
nalia are specified separately in the keys to indicate that dissect-
ed specimens should be examined in these cases.

Following the content developed by the editors of the Manual
of Central American Diptera, each family chapter also includes
a synopsis of the fauna section, which includes (a usually brief)
account of the known status of each genus (listed alphabetical-
ly) that occurs in the region. These accounts usually comprise
the following: generic name and author; higher taxonomic
ranking (subfamilial and tribal placement — if applicable); geo-
graphical range of the genus (including an indication of endem-
icity if applicable); number of species globally and number of
Afrotropical species; distribution of Afrotropical species (listed
by name if three or less or summarised if more than three); in-
dication of the number of undescribed species; any taxonomic
issues; confirmatory characters (if additional to those provided
in the identification key); biology and immature stages known;
and reference to identification keys that are available.

References, text citations and abbreviations

References are provided in each individual chapter, rather
than these being listed (collectively) at the end of each volume.
The general format of references follows that provided in the
Instructions for Authors for the peer-reviewed journal African
Invertebrates. Journal titles are provided in full and wherever
possible follow those listed in the “World list of scientific peri-
odicals”. In some questionable cases we retain the format pro-
vided by authors. Titles of books in English are given in lower
case in all instances (except for proper nouns). Pagination is
provided for chapters in books, but not the full pagination of
the entire book; page numbers are provided in the text for all
information originating from published books. Reference lists
are ordered alphabetically by single author and dual author
names and dates and references with three or more authors
(cited as “et al.” in the text) by first author name and date only,
to assist with easy location of multi-author references in the
lists. Multiple text reference citations are listed alphabetically
by author and date, rather than in date sequence, unless there
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is a sequential reason for doing so. DOl numbers are provided
for publications that only appear electronically.

A comprehensive list of standard abbreviations for adult and
larval structural terminology was developed during the course of
the Manual’s preparation, which was based on the abbreviations
applied in the Adult morphology and terminology chapter and ex-
panded upon, based on the abbreviations listed in J.F. McAlpine’s
unpublished annotated list, which was developed during prepa-
ration of the Manual of Nearctic Diptera. Every attempt has been
made to apply these abbreviations consistently throughout the
Manual. All abbreviations that appear on the plates are included
as an alphabetical list directly after each chapter plate legend and
will not be repeated here as a separate list.

All author names of taxa, other than J.C. Fabricius (abbrevi-
ated to “E”) and C. Linnaeus (abbreviated to “L.”), are provid-
ed in full. All wing veins, cells and crossveins are indicated by
standard abbreviations in italic script. Following standard proto-
cols, all veins use upper case (e.g., C, M, R, Rs, M, ) and wing
cells lower case (e.g., ¢, r,, m,, r,, ) and all crossveins lower case
(e.g., —m, m—m). Following British convention, a full stop is not
used after an abbreviation if the last letter of the word forms
the last letter of that abbreviation, e.g., “Fig. 1”, as opposed to
“Figs 3, 4” and “ed.”, as opposed to “eds”. All Latin terms and
abbreviations are placed in italic script, e.g., et al., i.e., in litt,
sensu lato, sensu stricto, via, vice versa, etc. and nouns derived
from African languages are also placed in italic script, e.g., tsetse
(derived from the Tswana language) and vlei (Afrikaans).

General abbreviations and Latin terms used commonly in
the text are as follows: AD — anno Domini; BP — before pres-
ent; ca — circa (approximately); cf. — confer (compare); cont.
— continued; e.g. — exempli gratia (for example); ed. — editor;
eds — editors; et al. — et alia (and others); etc. — et cetera (and
other things); F. — Fabricius; i.e. —id es (that is); in litt. — in litter-
is (in correspondence); in prep. — in preparation; incertae sedis
— of uncertain placement; incl. — including; Is. —island(s); L. -
Linnaeus; m — meters or meters above sea level; Mt — Mount;
My — million years; Mya — million years ago; No. — number;
Nos — numbers; pers. comm. — personal communication; pers.
obs. — personal observation; preocc. — preoccupied; sensu — in
the sense of; sensu lato — in the broad sense; and sensu stricto
— in the strict sense.

New taxon names and undescribed genera

This Manual is not a revisionary work, so only published tax-
on names are included and no changes in status, synonymy or
other nomenclatural changes have been allowed. Some authors
have indicated in some cases where changes in the generic sta-
tus of some taxa “should” be formally made in the future.

Some authors have included undescribed genera in the
identification keys and synopsis sections of family chapters.
These are referred to as “Undescribed genus” (if only one),
or “Undescribed genus A” and “Undescribed genus B”, etc., if
more than one. In such cases, new genera included in these
chapters should be cited in future publications as, e.g., “Un-
described genus A sensu Sinclair & Cumming (2017)”. Some
authors also include extralimital genera in keys that are not
formally recorded from the Afrotropical Region, but are likely
to occur there and in these cases generic names and authors
are placed in square brackets.
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Illlustrations manual to use colour extensively and authors were actively
) ) ) ) ) encouraged to submit colour digital images to illustrate their

All illustrations are of Afrotropical species, unless otherwise  chapters. Some authors did so, while others submitted more
stated, in which case these are indicated as “(non-Afrotropical)”  traditional pen and ink type or digitally generated images. In
in figure legends. Most illustrations that appear in this Manual  numerous cases original illustrations were re-drawn digitally,
were supplied by the authors themselves. This is the first regional  either by our artists (T. Smit or L. Coetzee) or by our Graphics

Figs 1.3-14. Historical figures in the history of Afrotropical dipterology: (3) Carl Linnaeus (after 1761 Carolus a Linné) (1707—
1778); (4) Anders Sparrman (1748-1820); (5) Carl Pehr Thunberg (1743-1828); (6) C. Rijk [Ryk] Tulbagh (1699-1771); (7)
Charles Robert Darwin (1809-1882); (8) Darwin holotype labels on Acarterus darwini Sinclair (Hybotidae), from Cape of
Good Hope; (9) Johan Christian Fabricius (1745-1808); (10) Johan August Wahlberg (1810-1856); (11) Charles John Anders-
son (1827-1867); (12) Axel Wilhelm Eriksson (1846-1901); (13) Robert Newstead (1859-1947); (14) Bror Yngve Sjostedt
(1866-1948). Figs 3, 9, 14, 10 (https://en.wikipedia.org), Figs 4, 11, 12 (https://sok.riksarkivet.se), Fig. 5 (http://www.slon-tea.
ru), Fig. 6 (http://www.bidorbuy.co.za), Fig. 7 (https://www.darwinproject.ac.uk), Fig. 8 (courtesy B.J. Sinclair), Fig. 13 (https://
www.chesterwalls.info).
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Editor (B.S. Muller), in order to either improve line quality or
the consistency of images that appear on the same plate. Some
authors submitted images from previously published sources,
especially the Manual of Nearctic Diptera. The responsibility to
acquire permission to use images from copyright holders (other
than those for which we have blanket permission — see ac-
knowledgements), was and remains the responsibility of indi-
vidual chapter authors (as clearly stated on the Manual website
and as re-iterated to all authors by the editors). The editors and
publisher therefore, accept no responsibility for any copyright
infringements on the part of chapter author(s). The original
sources of all images reproduced from published sources (as
indicated to the editors) are, however, acknowledged at the
end of each plate legend in respective chapters. Illustrations
that were re-drawn as part of the editorial process or were
indicated as having been modified in some way by the authors
themselves, are specified as such by the use of “after” (e.g.,
“after Crosskey 1969, fig. 43”) and in such cases these images
are deemed as “modified from the originals”.

Figure numbers are cited sequentially in each separate chap-
ter. Chapter numbers are only indicated in the legends for fig-
ures (e.g., Figs 3.4-7) to allow ease of citation in subsequent
works, but are not included in regular text figure citations. All
illustrations provided by authors must be cited in the text at
least once to warrant their inclusion in the chapter. If figures are
not referred to in the diagnoses or identification keys, then au-
thors were instructed that these be referred to in the synopses
sections, e.g., See Fig. 8 for an example of the antenna of the
genus, Figs 19, 20 for the head and Fig. 28 for wing venation.

Editorial and peer-review process

All chapters included in this Manual were subject to rigorous
peer-review. All submitted chapters first underwent an initial
edit prior to review, during which any major omissions and
editorial comments were dealt with between the editors and
the authors. All chapters were then reviewed by at least two
external reviewers (usually three) and by the Editor-in-chief,
Assistant Editor and Craphics Editor. Authors were asked to
supply names and contact details of proposed reviewers, but
the final decision as to which reviewers were approached was
made by the Editor-in-chief and the process was confidential.
Reviewers were given the option on the referee’s comments
form of “I wish to be identified” [to authors], “I am prepared
to be identified” or “I do not wish to be identified”. Disclosure
was made to authors based on this and in the case of those
who opted for “I am prepared to be identified”, the name of
the referee was only disclosed, if authors required clarification
on specific points raised during the review process.

Brief history of Afrotropical dipterology

To chronicle the history of Afrotropical dipterology in detail
is beyond the scope of this chapter and would easily warrant
a book of its own. Published information related specifically
to the history of dipterological research in the region has not
been published and there is considerably more information
available on entomological research conducted in Southern
and West Africa in general than for Central and East Africa.
This brief account is by no means comprehensive and com-
plete, but focuses on research that has led to published results
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(usually substantial) specifically on the Diptera, and has relied
heavily on the accounts of Brinck (1955) and Medler (1980).

It can be speculated that prior to Linnaeus’s time some in-
sects were collected in the environs of Southern and West Af-
rican ports, during the period when ships from Europe were
establishing trading routes or were engaged in trade with the
African interior. Large and showy specimens may have been
obtained by sailors to sell to European dealers as “cabinet
specimens” (Medler 1980: 7) and all manner of biological
specimens brought to Sweden from South Africa during this
period were regarded as “curiosities” and were delivered by
officers of Swedish ships, who had procured them in Cape
Town. Following the establishment of the Swedish East Africa
Company in 1731, its directors had a standing demand for
such “curiosities” (Brinck 1955: 12).

The Cape Settlement was established in 1652 by Command-
er Jan van Riebeeck (1619-1662) and shortly after (in 1656)
the Swedish naturalist Nils Matson Kioping (ca 1621-1680)
visited Table Bay and the Cape Peninsula, returning with a
collection of mammals and birds, part of which went to the
Academy of Uppsala, Sweden, where a few were still pres-
ent when Carl Linnaeus (1707-1778) (Fig. 3) began his work
(Brinck 1955: 12; Hanstrom 1955: 1).

The true beginnings of entomological discovery and scien-
tific description in Africa began during Linnaeus’s time, who
had established a scientific approach to the description of
species and an ordered binomial system for naming biologi-
cal organisms. The sheer variety of plant material sent to Lin-
naeus by C. Rijk [Ryk] Tulbagh (1699-1771) (Fig. 6), governor
of the Dutch Colony (under the Dutch East India Company)
from 1751-1771, excited Linnaeus (Talbot 1977: 5). As a
result, Linnaeus sent eight of his pupils to the Cape: Carl
Frederic Grondahl (1760-1816), Michael Grubb (1728-1808),
G. Lange, Frans Pehr Oldenburg (1740-1774), Carl Gustaf
Osbeck (1766-1841), Daniel Carlsson Solander (1733-1782),
and most notably, Anders Sparrman (1748-1820) (Fig. 4) and
Carl Pehr Thunberg (1743-1828) (Fig. 5), who collected insect
material, including Diptera, in the Cape Colony (for Thunberg
types see Wallin & Wallin 2001).

Sparrman and Thunberg had both trained as physicians at
Uppsala and arrived in the Cape independently in 1772. Sparr-
man had been sent on a collecting trip by the Swedish explor-
er Captain Carl Gustaf Ekeberg (1716-1784) (with whom he
had travelled in China 1756-1765), and by Linnaeus himself,
under whom he had studied. However, Sparmann did not in-
itially remain long in the Cape: in November of the same year
he arrived (1772) he was offered a position to sail with Captain
James Cook (1728-1779) as assistant to the two naturalists on
board the ship Resolution. Thunberg had been commissioned
by the Dutch botanists Johannes Burman (1707-1780) and
Nicolaas Laurens Burman (1734-1793) (father and son) and
other sponsors in Amsterdam to collect botanical specimens in
South Africa and Japan (Talbot 1977: 7). Thunberg was the first
of Linnaeus'’s pupils to travel extensively in the Cape interior,
details of which are provided by Talbot (1977: 5-7) and in his
own journal accounts (see Forbes 1986).

In March 1775, less than three weeks after Thunberg'’s de-
parture for Java in the East Indies, Sparrman returned from
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the 28-month voyage with Cook, in which he had partici-
pated in the first eastwards circumnavigation of the globe. In
July he set off for a nine-month trek through the southern and
eastern districts of the Cape, penetrating much farther into
the interior than Thunberg had done (Talbot 1977: 7). Both
Thunberg and Sparrman were guided by the young frontiers-
man Daniel Ferdinand Immelman (1756-1800) on their trips
into the interior. The fascinating and informative travel jour-
nals of Sparrman have been published by the Van Riebeeck
Society (Forbes 1975, 1976). These accounts give important
insights into the routes taken and collecting conducted by this
early pioneer.

The first fly described from the Afrotropical Region was
Bombylius capensis (now in the genus Australoechus Creat-
head) (Fig. 15), described by Carolus Linnaeus (Fig. 3) in 1767,
p. 1009, from “Cap b. spei” [= Cape of Good Hope, South Af-
rical, collected by C. Rijk Tulbagh. Like many people of his day,
Tulbagh showed a great interest in natural history, particularly
botany and established an animal and plant collection in the

gardens of the Company, a remnant of which exists to this day.
As noted above, Tulbagh is probably best known for sending
numerous botanical specimens to Linnaeus, but he also sent in-
sects (including Diptera) and in an undated letter from Linnaeus
to Tulbagh he wrote “I have acknowledged the curious insects
with which you have, long ago, so generously and kindly fur-
nished me” (Smith 1821: 568). Additional correspondence be-
tween Linnaeus and Tulbagh was published by Jackson (1918).

During the same period in West Africa the French natural-
ist Ambroise Marie Frangois Joseph Palisot, Baron de Beau-
vois (1752-1820) collected insects on his 1781-1797 voyage,
which included stopovers in Benin and Warri (Medler 1980:
7) and in 1786 he set out to found a colony at Oware at the
mouth of the Niger River, in what is today Nigeria. Palisot
merged specimens from there with collections from neigh-
bouring Benin. He periodically sent natural history specimens
to France, but the greater part of his collection was destroyed
when the British invaded the colony and razed the trading post
where his material was kept.

Fig. 1.15. The first fly species described from the Afrotropical Region — type specimen (from various angles) of Bombylius capensis
Linnaeus, 1767 (now in the genus Australoechus Creathead), described from “Cap b. spei” [= Cape of Good Hope, South
Africa] and collected by C. Rijk [Ryk] Tulbagh (reproduced by permission of the Linnean Society of London).
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During the late 18" and early 19" centuries, Johan Chris-
tian Fabricius (1745-1808) (Fig. 9) was in receipt of specimens
originating from the Danish Guinea colony in Ghana (mostly
labeled as “Guinea”), either collected by, or from the collec-
tions of Johann Wilhelm Hesse (1764-?), Niels Tender Lund
(1749-1809), Paul Erdmann Isert (1756-1789), Peter Thonning
(1775-1848) and Ove Ramel Sehested (1757-1838) (Hopkins
2013). Sixteen species of Diptera based on this material were
described by Fabricius between 1794 and 1805 (Table 2).

The itinerary of the Beagle voyage (1831-1836) indicates
that Charles Robert Darwin (1809-1882) (Fig. 7) docked in the
Cape of Good Hope from Mauritius on 29 April 1836, sail-
ing on 9 May 1836 for Saint Helena Is. (Smith 1987). During
this brief visit, Darwin spent most of his time geologising, as he
did on much of the Beagle voyage elsewhere. Andrew Smith
(1797-1872), the Scottish surgeon, naturalist and zoologist and
the first Superintendent of the South African Museum in Cape
Town (now Iziko South African Museum), accompanied him to
the important Cape Peninsula sites and Darwin collected a vari-
ety of rock specimens. He kept a geological notebook in which
are recorded visits made from Simon’s Town to Cape Town,
Table Mountain, Lion’s Head and Rump, the Sea Point Con-
tact, the road to Paarl, Paarl Rock, the Drakenstein Mountains,
Franschhoek and the pass to Houw Hoek, Sir Lowry’s Pass and
the Cape Flats. Darwin also collected insects, frogs, plant and
other specimens of interest, most of which are now housed in
British institutions (James 2009). Darwin’s insects were reviewed
by Smith (1987, 1996), which indicate that Darwin collected
Curculionidae, Dryopidae and Tenebrionidae (Coleoptera),
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Cicadellidae (see Theron 1983), Dictyopharidae, Lygaeidae
and Tropiduchidae (Hemiptera), with Simon’s Bay being a con-
sistent locality cited for insect captures. Dipterologically, Smith
(1987) recorded the tachinid Leskia darwini, described by Em-
den (1960: 391) and Sinclair (1996) described Acarterus dar-
wini (Hybotidae), based on two specimens labelled “Cape of
Hope. C. Darwin” (Fig. 8), discovered in accessions material of
the Natural History Museum, London, U.K. This latter material
was cited as “? Syneches sp. (Empididae)” by Smith (1996), the
two papers appearing in the same year.

Collecting activity probably increased sharply after 1800, as
naturalists began accompanying explorers and traders in the
African interior (Medler 1980: 7) and in West Africa a notable
amount of insect collecting was undertaken by European mis-
sionaries. In the 1850s, for example, the United Presbyterian
Church of Scotland opened a mission station at Old Calabar
near Duke Town in southern Nigeria. The Reverend Hope
Masterton Waddell (1804-1895), Reverend Hugh Goldie
(1866-1895), W.C. Thomson and John R. Wylie sent collec-
tions of insects to the Scottish lawyer, botanist, zoologist and
entomologist Andrew Dickson Murray (1812-1878) in Edin-
burgh. Most of these were Coleoptera, but also other insect
orders, some of which were distributed to various specialists
(Medler 1980: 7). After Murray’s death, his important collec-
tion was auctioned on 9-11 April 1878. According to Chalmers-
Hunt (1976: 8, 112), much of the insect material (mainly com-
prising Coleoptera), was purchased by W. Janson for the British
Museum (Natural History) (Chalmers-Hunt 1976: 8, 112). No
Diptera are mentioned.

Table 1.2. Diptera species described by Johan Christian Fabricius originating from the Danish Guinea colony in Ghana (originally
labeled as “Guinea”), indicating collector/collection names (after Zimsen 1964).

Described taxon name Current placement Family Year Collectors/Collections
Anthrax nemesis Exoprosopa Macquart Bombyliidae 1805 Peter Thonning
Anthrax sisyphus Ligyra Newman Bombyliidae 1805 Peter Thonning

Asilus morio Unplaced Asilidae Asilidae 1805 Paul Erdmann Isert
Dacus armatus Dacus (Dacus) Tephritidae 1805 Peter Thonning

Dacus inflexus Elassogaster Bigot Platystomatidae 1805 Paul Erdmann Isert
Dasypogon tridentatus Storthyngomerus Hermann Asilidae 1805 Niels Tender Lund
Dictya stictica Peltacanthina (Peltacanthina) Platystomatidae 1805 Peter Thonning
Laphria rufibarbis Proagonistes Loew Asilidae 1805 Peter Thonning
Laphria serripes Hoplistomerus Macquart Asilidae 1805 Ove Ramel Sehested
Milesia obliqua Eumerus Meigen Syrphidae 1805 Niels Tender Lund
Musca fasciata Bogosiella pomeroyi Villeneuve Tachinidae 1805 Peter Thonning

Musca megacephala Chrysomya Robineau-Desvoidy Calliphoridae 1794 Paul Erdmann Isert
Musca moerens Engistoneura Loew Platystomatidae 1794 Paul Erdmann Isert
Musca vittata Carpophthoromyia Austen Tephritidae 1794 Paul Erdmann Isert
Stratiomys hastata Platyna Wiedemann Stratiomyidae 1805 Peter Thonning

Tipula filipes Maekistocera Wiedemann Tipulidae 1805 Johann Wilhelm Hesse

MANUAL OF AFROTROPICAL DIPTERA — VOLUME 1
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Johan August Wahlberg (1810-1856) (Fig. 10), was a Swed-
ish naturalist, who travelled through large parts of southern Af-
rica, especially the Natal Province, South Africa and Namibia.
He was sent by the Swedish Academy for Science to collect
plants and animals in southern Africa for the Royal Academy
of Sciences in Stockholm. Walhberg's extensive collections of
insects, including many Diptera, are housed in the Swedish
Museum of Natural History and his journals and letters have
been published by the Van Riebeeck Society (Hummel & Craig
1992), which provides interesting insights into his travels and
collecting.

Early traders and explorers who generated biological speci-
mens from this era were Charles John Andersson (1827-1867)
(Fig. 11), a Swedish adventurer, trader, explorer and collector
of natural history specimens, who published a series of arti-
cles and popular books on his travels (Andersson 1855, 1856,
1873, 1875) and the Swedish ornithologist Axel Wilhelm Eriks-
son (1846-1901) (Fig. 12), both of whom concentrated their
trading and collecting efforts in what is today Namibia. Part of
Andersson’s insect collections were sold off to European col-
lectors, but his insect collection resulting from his Okavango
River Expedition was donated to the South African Museum in
1860. Eriksson left Sweden for the Cape late in 1865 to join
Andersson, who was at that time already a famous explorer, to
help him with his trading and bird collecting. He made sub-
stantial collections of birds, insects and mammals. A number of
his specimens were sent to the South African Museum in Cape
Town, including insects from the Transvaal and Matabeleland
in 1885 and from the former Damaraland and Ovamboland
(Namibia) in 1888 and 1891, respectively and a collection
of insects from northern Damaraland (Namibia) in 1899, in-
cluding some 20 species new to the Museum. A collection of
insects was also sent to the Entomological Museum in Lund
and a minor collection to the Zoological Institute of Uppsala
University. By subsequent donations part of his material went
to the British Museum (Natural History) (now the Natural His-
tory Museum, London, U.K.) and the Riksmuseum, Stockholm,
Sweden (Brinck 1955).

During the latter part of the 19" and early 20" centuries
there was considerable insect collecting activity in Africa.
Lepesme (1950) listed some of the localities visited by early
collectors. Henry C. Deyrolle, for example, undertook a voy-
age to Gabon in 1856-1857, under the auspices of Le Comte
de Mniszech, together with the American coleopterist James
Thomson (1828-1897). This voyage resulted in the discovery
of numerous new species, with the Diptera treated by Bigot
(1858). The French botanist, taxonomist and explorer of trop-
ical Africa, Auguste Jean Baptiste Chevalier (1873-1956) un-
dertook expeditions to the French colonial empire, including
Cote d’lvoire in 1908 and Lake Chad in 1902-1904 (Medler
1980: 8). Another Swedish naturalist, Bror Yngve Sjostedt
(1866-1948) (Fig. 14), who was Professor and curator at the
Swedish Museum of Natural History undertook several expe-
ditions to West and East Africa, notably to Mt Kilimanjaro and
Mt Meru in Tanzania, for which the Diptera were dealt with
by Speiser (1907, 1909a, b, 1910a, b) and Sjostedt himself
(1908) (Fig. 16).

Following the scramble for Africa by European colonial pow-
ers, known as the period of New Imperialism or the Partition of
Africa (1881-1914), numerous expeditions were undertaken

in Africa, especially as the interior opened up through explora-
tion. Collecting expeditions or “missions” to West and Central
Africa were conducted with increasing frequency, as the British
(see below), Belgian (see below), French and German colonies
became established and consolidated. Specimens generated
through these expeditions were sent back to Europe and were
incorporated into private collections or European museums.
Near the turn of the 20" century, specialists associated with the
then Deutsches Entomologisches Institut and the then Museum
fur Naturkunde der Koniglichen Friedrich-Wilhelm-Universitat
published on insect material sent to Berlin by German collec-
tors in the colonies, including Reinhold Wilhelm Buchholz
(1837-1876), Leopold Konradt (1853-21910), Eugen Hintz
(1868-1932), Lorenz Oldenberg (1863-1931), Paul Preuss
(1862-1926), Herbert Oskar Hermann Kurt von Rothkirch und
Panthen (1884-1916), August Schultze (1837-1907) and Fritz
G. Theorin (Medler 1980: 8) and material resulting from col-
lecting by German botanist and ethnologist Giinther Tessmann
(1884-1969) in Cameroon, Gabon and Guinea (1904-1914),
was dealt with in a series of publications, including Griinberg
(1915) for Diptera.

In later years of the 20" Century, French collectors and oth-
ers published on expeditions, such as reports on the 1939 mis-
sion of P Lepesme, Renaud Paulian (1913-2003) and André
Villiers (1915-1983) in western Cameroon; on the 1947 Mis-
sion of the Swiss Museum; on the collections of Jean Risbec
(1895-1964), C. de Reamy, Philippe Bruneau de Mire (1921-
?); and on the results of the Jargen Dahl (ca 1925-1998) and
Sven Jorgen R. Birket-Smith (1920-1983) Danish Expedition
to the French Cameroons (1949-1950). Since WWII, capacity
was built in West Africa by, for example, Institut Frangais d’Af-
rique Noir (IFAN) (now Institut Fondamental d’Afrique Noire;
see below) in Dakar, Senegal, which served as an important
centre for French-orientated research and faunistic surveys. A.
Villiers was first chief of the Entomology Section and, during his
residence in Senegal (1945-1956), collected widely in Benin,
Bioko Is. (Equatorial Guinea), Cote d’Ivoire, Guinea, Maurita-
nia, Republic of Congo, Senegal and Togo (Medler 1980: 11).
A notable collection was made by Belgian forest entomologist
Jean Decelle (1907-1996), while residing in Bingerville, Cote
d’lvoire from 1961 to 1964, and was deposited in the Roy-
al Museum of Central Africa, Tervuren, Belgium. Results on
the Diptera were published for the Asilidae (Oldroyd 1968a),
Tabanidae (Oldroyd 1968b) and Tephritidae (Munro 1969).

Early research on African Diptera during the colonial period
(1881-1914) largely focused on vectors of diseases to humans
and their livestock, such as tsetse, mosquitoes and horse flies
and colonial powers in possession of much of Africa during the
19% and first half of the 20" centuries invested considerable
manpower and resources to the understanding and ultimate
eradication of such vectors. Workers that contributed substan-
tially to early knowledge of taxonomy and behaviour of Afri-
can Diptera vectors from this period include Ernest Edward
Austen (1867-1938) (see biography below) and Robert New-
stead (1859-1947) (Fig. 13), who published extensively on
tsetse and other blood-sucking flies. Numerous institutes and
research stations investigating agricultural pests and disease
vectors were established throughout colonial Africa, many of
which employed dipterists from overseas who made substan-
tial contributions and collected extensively in the region.

INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL DIPTEROLOGY
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Sjostedts Kilimandjaro-Meru Expedition 10. Diptera.

Axel Ekblom delin. et pinx Repr. 0. tr. Justos Cederquist, Sthim.

Sjostedt: Oestride.

Fig. 1.16. Original scanned plate from Sjostedt (1908), illustrating the adult and immature stages of the Rhinoceros bot fly, “Spath-
icera (Gyrostigma) meruensis” (= Gyrostigma rhinocerontis Owen) (Oestridae), from Mt Meru, Tanzania.
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Much of the pioneering work on biological control of insect
pests in the Afrotropical Region was undertaken by the dipter-
ist David John Greathead (1931-2006) (see biography below),
who reviewed opportunities for biological control in the region
(Creathead 1971, 1986, 1989). There have been many useful
compilations of knowledge on insects associated with agricul-
ture and forestry, including the following Afrotropical refer-
ences (adapted from Miller & Rogo 2001): Burundi (Buyckx
1962), Cameroon (Nonveiller 1984), East Africa (Kenya, Tanza-
nia and Uganda) (Gardner 1957; Le Pelly 1959), Eritrea (Nas-
tasi & Wolden-Haimanot 1967), Ethiopia (Abate 1991; Hill
1966; 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), Republic of Congo
(Buyckx 1962), Réunion Is. (Vayssieres et al. 2001), Rwanda
(Buyckx 1962), Seychelles (Kingsland & Shepard 1983), South
Africa (Annecke & Moran 1982; Swain & Prinsloo 1986), Tan-
zania (Bohlen 1978) and Uganda (Brown 1967).

The establishment of the first museums in South Africa: the
South African Museum in Cape Town in 1825 and the Albany
Museum in Grahamstown in 1855, heralded a new era for
South African entomology. Others followed in Madagascar,
Rhodesia, Kenya, etc. The first dipterist employed in a South
African museum was Albert John Hesse (1895-1987) (see bi-
ography below), who took up the post of entomologist at the
South African Museum in 1924, where he served for 51 years,
leaving the Museum in 1974. He was extremely prolific and
published two major monographs: on the Bombyliidae (Hesse
1938, 1956a, 1956b) and the Mydidae (Hesse 1969). A com-
plete list of his published works is listed in Robertson & White-
head (1989). Details of other prominent dipterists employed
at institutions in the Afrotropical Region are provided below in
the biographies and collections sections.

Brian Roy Stuckenberg (1930-2009) (Fig. 77) (see biography
below) of the Natal Museum (now KwaZulu-Natal Museum)
was one of the first to collect Diptera extensively in Mada-
gascar, undertaking two expeditions in December 1955 and
January 1956. On the second of these expeditions he travelled
over 5,000 km on the island, visiting 28 different collecting
localities and generated thousands of flies, all of which were
field-pinned. The Swiss dipterist Fred Keiser-Jenny (1895-
1969) and his wife also collected Diptera in Madagascar in
1950s (now deposited in the Naturhistorisches Museum, Ba-
sel, Switzerland). Many of both Keiser-Jenny’s and Stucken-
berg’s collecting localities have subsequently been destroyed
and their Diptera material is, therefore, unique (Kirk-Spriggs
2012). Additional information on dipterological research in the
Afrotropics is included in the biotic surveys, biographies and
collections sections below.

Biotic surveys of Afrotropical Diptera —
past and present

This section highlights some of the more significant biotic
studies of Diptera (expeditions, missions), conducted in the
past, as well as more contemporary surveys that have led to
significant publications on the Diptera.

Surveys of Afrotropical Diptera began following the onset
of European colonialism in Africa. Initial sampling targeted
Diptera of medical and agricultural significance on the conti-
nent. Later, European powers with colonial territories in Africa
engaged in surveys that generated specimens used today for
baseline biodiversity information. As a result, 70% of these his-
torical specimens are now deposited in European and North
American collections (Miller & Rogo 2001).

The main museums holding Diptera collections in Africa
are: the National Museum, Bloemfontein, KwaZulu-Natal Mu-
seum, Pietermaritzburg, National Museum of Namibia, Iziko
South African Museum and National Museums of Kenya. Oth-
er smaller collections are housed in other South African mu-
seums and other institutions on the African continent. Details
of all extralimital collections with substantial holdings of Afro-
tropical Diptera are currently listed on the Manual of Afrotro-
pical Diptera web pages http://afrotropicalmanual.org/.

British Museum (Natural History) expeditions

The Natural History Museum, London, U.K. holds one of
the most important collections of historical Diptera from the
Afrotropical Region, due to Britain’s colonial interests in Africa.
Collections were amassed through early studies of medical and
veterinary Diptera, through the Imperial Bureau of Entomology
and its successor, the Commonwealth Institute of Entomology.

In the first half of the 20* century, the British Museum
(Natural History) (now the Natural History Museum, London)
played a significant role in generating material and organised
expeditions to various British and other territories during the
African colonial period, including East Africa (1924-1931),
Abyssinia (1927-1939) and South-West Arabia (1937-1938),
the last two arranged by Hugh Scott (1885-1960). One nota-
ble example, that generated substantial Diptera material, was
the Ruwenzori Expedition in Kenya and Uganda (1934-1935),
with Frederick Wallace Edwards (1888-1940) and David Ro-
den Buxton (1910-2003) sampling Diptera. Sampling was
mainly conducted in the Aberdare Mountains, Mount Elgon,
the Birunga (or Virunga) Mountains and in various localities
in the Ruwenzori Mountains. Results of the Expedition were
published in three volumes: volume 1 (parts 1-7) dealt with
the Diptera “Nematocera”; volume 2 (parts 1-9) with Diptera
Brachycera and Cyclorrhapha; and volume 3 (parts 1-13) oth-
er Insecta. The Museum undertook a second expedition to Ru-
wenzori in 1952, which was also published in three volumes,
but these contributions did not deal with the Diptera.

In 1972, entomologists from the Museum, undertook the
“British Museum (Natural History) Southern Africa Expedition
1972" — a five-month long collecting expedition to southern
Africa. The Expedition comprised Brian Henry Cogan (1940-
living) (sampling Diptera), Michael Charles Day (19432-living)
(Hymenoptera), Peter Michael Hammond (1941-living)
(Coleoptera), David Hollis (1938-living) (Hemiptera and or-
thopteroids) and Richard Irwin Vane-Wright (1942-living)
(Lepidoptera) (Fig. 20). They travelled in a second-hand three-
tonne army lorry (Figs 17-19), which they themselves had
specially converted into a mobile laboratory, and shipped out
from the United Kingdom to Cape Town, arriving at the end
of December 1971. The 12,800 km journey (Fig. 21) began in
December in Cape Town, South Africa, travelling northwards

INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL DIPTEROLOGY


http://afrotropicalmanual.org/

16

SURICATA 4 (2017)

through Namibia, into Angola, then southwards as far as Wind-
hoek, across the Kalahari sandveld, through Botswana and back
into South Africa, south via the Karoo, arriving back in Cape
Town in May 1972. The habitats studied varied from sand des-
erts to tropical rainforests and from dry riverbeds to swampland.

Most of the Diptera obtained were collected by B.H. Cogan,
but all members contributed. The Expedition as a whole gen-
erated well over 1 million insect specimens. The mobile lab-
oratory was later modified for fossil hunting and crossed the
Sahara twice, until it eventually had to be abandoned in North

Figs 1.17-21. The British Museum (Natural History) Southern Africa Expedition 1972: (17) three-tonne army lorry converted into
mobile laboratory (Bull’s Party Rocks, Ameib Ranch, Erongo Mts, Namibia); (18) same, crossing ephemeral river during flash
flood, Namibia (PM. Hammond walking); (19) same, breaking camp, Namibia; (20) working space in mobile laboratory (left
to right): B.H. Cogan, M.C. Day, PM. Hammond and D. Hollis; (21) map of Expedition route (indicated in red). Figs 17-20
(photographs courtesy R.I. Vane-Wright); Fig. 21 (B.S. Muller; after Cogan et al. 1975, fig. 1; made with Natural Earth).
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Africa (Cogan et al. 1975; R.I. Vane-Wright, pers. comm. 2014).
Results of the Expedition were not published as a dedicated
volume of results, but the Diptera collection resulting from this
Expedition represents an outstanding contribution to the Mu-
seum’s Diptera holdings, much of it from very poorly sampled
countries, especially Angola and Botswana.

Other notable donations of material from the Afrotropics
include those of Walter Mayne Graham (1864-1935) (from
Ghana 1908), Sheffield Airey Neave (1879-1961) (Central and
East Africa; series of donations between 1907-1913), Rowland
Edwards Turner (1863-1945) (South Africa; series of donations
during the 1920s and 1930s), Harold Oldroyd (1913-1978)
(Cameroon 1950), Eric Burtt (1908-1976) (Glossinidae from
Tanganyika 1959), Alan Stubbs (1940-living) (Kenya 1972),
Robert Stephen Copeland (1945-living) (Kenyan Tephritidae
2004) and D.J. Greathead (series of donations by him and his
estate up to 2008, especially Asilidae and Bombyliidae). Al-
though most of these collectors were dipterists, some such as
Turner and Neave also donated material of other insect orders.

Also of note is the London School of Hygiene and Tropical
Medicine collection, which was donated in 1996 and includes
numerous Afrotropical Diptera of medical and veterinary im-
portance and the collection of the Natural Resources Institute,
which was donated to the Museum in 1997. There are also
a few collections of Malagasy material and from Seychelles,
the Percy Sladen Trust Expedition material from the early 20"
century and more recently the collection of Willie Horace
Thomas (“Timothy”, “Tiger”) Tams (1891-1980) and lan Wil-
liam Beresford Nye (1924-?) from 1966. Brian Henry Cogan
and Anthony Michael Hutson (1944-living), who were both
employed at the Museum, made a large collection on Aldabra
Is. in 1968, and three years later Hutson made another large
collection (including ca 5,000 Diptera) from Mauritius and the
Chagos Archipelago (N. Wyatt, pers. comm. 2017).

Muséum national d’histoire naturelle, Paris, France

The Diptera collection of Muséum national d’histoire na-
turelle, Paris is one of the most significant historical Diptera
collections housed in Europe. The collection is divided into a
general collection, classified into families and separate nomi-
nal collections entities. The heart of the collection is composed
of two historical collections, that of the German dipterist Jo-
hann Wilhelm Meigen (1764-1845) and the French dipterist
Pierre Justin Marie Macquart (1776-1855), both dating from
the 19" century; they contain about 5,000 holotypes. In total
the collection contains 2.5 million specimens, 8,000 holotypes
and about 30,000 species or 20% of the described Diptera.

The Diptera section of the Museum was formally estab-
lished, with the employment of Eugene Séguy (1890-1985) in
1919. Based on his own collection, various acquisitions and an
impressive quantity of indeterminate specimens, he gradually
built up a general collection which was added to the Meigen
and Macquart collections. Later, he was also responsible for
the addition of the Louis Pandellé (1824-1905), Jean Pierre
Omar Anne Edouard Perris (1808-1878) and Léon Jean Marie
Dufour (1780-1865) collections to the Muséum. By the early
1950s, the Muséum’s Diptera collection had become one of
the largest in the world.

From 1883-1938 the French entomologist Charles A. Allu-
aud (1861-1949) made 24 voyages to Africa and to the Atlantic
and western Indian Ocean islands. Almost all his explorations
appear to have been driven by his interest in biogeography. He
undertook three major expeditions to East Africa, concentrat-
ing on the sampling of East African mountains: Mt Kilimanjaro
and the Lake Victoria region (or Nyanza) (1903-1904); Mt Kili-
manjaro and Ruwenzori (1908-1909); and Mt Kenya and Mt
Kilimanjaro (1911-1912). The last was in company with René
Jeannel (1879-1965) and resulted in 80 publications.

He also undertook expeditions to Assinie (Cote d’Ivoire)
and the west coast of Africa (1886); Tunisia and Tripolitania
(1898-1899); Egyptian Sudan (1905-1906); Morocco (Perma-
nent Mission) (1919-1924); Sahara, Niger and Céte d’Ivoire
(1930-1931); the Spanish Rif (1932); and Tunisia (1935-1936).
He assembled an important collection of insects during these
expeditions, later donating these to the Muséum. He was the
author of 165 entomological publications. Publications on the
Diptera resulting from these expeditions include: Becker (1914,
1915), Bezzi (1923), Bigot (1891), Edwards (1914), Giglio-Tos
(1895), Kieffer (1913), Riedel (1914) and Stein (1914).

American Museum Congo Expedition (1909-1915)

North American museums also played a significant role in
developing base-line biodiversity information on Diptera in
Africa, but less so than their European counterparts. Perhaps
the most significant early contributions was the American
Museum Congo Expedition (1909-1915), which was arranged
by Herbert Lang (1879-1957) (Fig. 22) and James Paul Chapin
(1889-1964) (Fig. 23). Lang was a German taxidermist and
photographer who had already assisted on an expedition to
Kenya in 1906. They departed from New York harbour for the
west coast of Africa in May 1909, planning to be in the Congo
for two years to collect as many animals and ethnographic ob-
jects as possible. After numerous amendments they eventually
spent six years in the Congo under gruelling conditions deep in
the interior. During this period they sampled 100,000 inverte-
brates, including numerous Diptera. At the onset of WWI they
hurriedly packed and transported their extensive collection
along the Congo River across country, where it was eventually
transported to the United States.

All the Diptera resulting from this Expedition were worked
up, almost exclusively by Charles Howard Curran (1894-
1972), in a series of three reports published in the Bulletin
of the American Museum of Natural History (Curran 1927a,
1928a, b) and separate papers in the American Museum
Novitates, etc. Twenty-eight families were treated as follows:
Asilidae (Curran 1927e; 1928a), Bibionidae (Curran 1927a),
Bombyliidae (Curran 1927a), Calliphoridae (Curran 1927b,
c; 1928a), Chloropidae (Curran 1928a), Conopidae (Curran
1928a), Diopsidae (Curran 1928b, c), Dolichopodidae (Curran
1927a), Drosophilidae (Curran 1928a), Lauxaniidae (Curran
1928a), Lonchaeidae (Curran 1927b; 1928a), Micropezidae
(Curran 1928a, b), Muscidae (Curran 1928a), Piophilidae
(Curran 1928b), Pyrgotidae (Curran 1928a), Rhagionidae (Cur-
ran 1928b), Rhiniidae (Curran 1927b), Sarcophagidae (Cur-
ran 1934), Scenopinidae (Curran 1928b), Sepsidae (Curran
1928b), Stratiomyidae (Curran 1928b, c), Syrphidae (Curran
1927a), Tabanidae (Bequaert 1932, Hine 1927), Tachinidae
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(Curran 1927b, c, d; 1928a), Tephritidae (Curran 1927a),
Therevidae (Curran 1928b), Tipulidae (Alexander 1920) and
Ulidiidae (Curran 1928b).

Belgian Congo national parks and missions

Three National Parks were established in what is today
Democratic Republic of Congo during the Belgian colonial era:
Albert National Park (the first African National Park), Upem-
ba National Park and Garamba National Park. Three scientific
missions generated Diptera material from these parks, which is
now housed in the Royal Belgian Institute of Natural Sciences,
Brussels and the Royal Museum of Central Africa, Tervuren,
Belgium. The herpetologist Gaston-Frangois de Witte (1897—
1980) directed the scientific missions in Albert National Park
(1933-1935) (see de Witte 1937; Figs 26-28) and to Upemba
National Park (1946-1949) (see de Witte 1966; Figs 24, 25); and
the entomologist Henri Jules de Saeger (1901-1994) directed
the scientific mission in Garamba National Park (1949-1952)
(see de Saeger 1954).

These scientific exploration missions used local collectors
and technicians to sample and prepare long series of Diptera
specimens in the field (Figs 24, 25). De Witte was evident-
ly happy with the preparators he employed during the Albert
National Park mission (1933-1935), as the notes associated
with one photograph (No. 2528, dated 26/11/1948) reads
“Devant le hangar servant de laboratoire se tient Mr Kanzegu-
hera, préparateur originaire de Rutshuru, qui a travaillé au PNA
et participé aux missions dans le PNU [In front of the labora-
tory hangar stands Mr. Kanzeguhera, a native technician from
Rutshuru, who worked at the NAP [Albert National Park] and
participated in missions in the PNU [Upemba National Park]]”.
This indicates that 12 years later, G.F. de Witte re-employed

at least some collectors and technicians during the Upem-
ba National Park mission (1946-1949) (H. De Koeijer, pers.
comm. 2017). The relatively poor condition of some Diptera
material resulting from these missions may have been due to
transport problems; some of the material taking more than five
years to reach Belgium due to the onset of WWII. Material
was studied by numerous specialists and an important series of
publications resulted. Many authors used these publications as
a means to publish regional revisions of specific groups. Pub-
lications (available as PDF files) and historical archives of the
missions are available at the “Archives of the former National
Parks of the Belgian Congo” website http://www.apncb.be/.

The Albert National Park (1933-1935) mission publications
included treatments of 25 families of Diptera: Anisopodidae
(Tollet 1956), Asilidae (Bromley 1951), Bibionidae (Hardy
1950a), Calliphoridae (Zumpt 1956), Celyphidae (Vanschuyt-
broeck 1953b), Ceratopogonidae (Coetghebuer 1948), Cha-
oboridae (Verbeke 1958), Chironomidae (Freeman 1955a),
Conopidae (Vanschuytbroeck 1950a), Culicidae (Wolfs 1958),
Dolichopodidae (Vanschuytbroeck 1951), Heleomyzidae
(Collart 1946), Hippoboscidae (Bequaert 1953), Micropezidae
(Verbeke 1951), Phoridae (Meyer 1958), Pipunculidae (Har-
dy 1950b, 1959b), Psilidae (Verbeke 1952), Rhiniidae (Zumpt
1958a), Sarcophagidae (Zumpt 1958b, 1972), Sciomyzidae
(Verbeke 1950), Simuliidae (Freeman 1951), Sphaeroceridae
(Vanschuytbroeck 1948), Tabanidae (Oldroyd 1950), Tachini-
dae (Mesnil 1954) and Therevidae (Vanschuytbroeck 1950b).

The Upemba National Park (1946-1949) mission publica-
tions included treatments of 16 families of Diptera: Asilidae
(Janssens 1954), Bibionidae (Hardy 1952), Bombyliidae (Hesse
1958), Celyphidae (Vanschuytbroeck 1953a), Chironomidae
(Freeman 1955b), Culicidae (Mattingly 1955), Dolichopodidae

Figs 1.22-23. American Museum Congo Expedition (1909-1915): (22) portrait of Herbert Lang (1879-1957); (23) James Paul
Chapin (1889-1964) drawing a lizard placed atop his hat at the expedition’s base camp in Avakubi. Figs 22, 23 (image # 32297
and 36617, respectively: courtesy American Museum of Natural History Library).
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Figs 1.24-28. Belgian Congo missions of exploration (National Park Upemba: Mission G.F. de Witte (1946-1949) and National
Park Albert: Mission G.F. de Witte (1933-1935)): (24) G.F. de Witte (1897-1980) (centre) with entomological collectors and
technicians in front of the laboratory (Parc National de I'Upemba, 1948) (de Witte/RBINS); (25) René Verheyen (1907-1961)
(far left), G.F. de Witte (mid right) and André Janssens (1906-1954) (far right), with local collectors in Kalumengongo (Parc Na-
tional de 'Upemba, 1947) (de Witte/RBINS); (26) G.F. de Witte seated inside tent at Kamatembe (Parc National Albert, 1934)
(de Witte/RBINS); (27) G.F. de Witte inside laboratory in Rutshuru (Parc National Albert, 1934) (de Witte/RBINS); (28) G.F. de
Witte posing in vegetation constituting Lobelia and Alchemilla on the volcano Muhabura (Parc National Albert, 1934) (de Witte/
RBINS). Figs 24-28 (photographs courtesy the Royal Belgian Institute of Natural Sciences, Brussels, Belgium).
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(Vanschuytbroeck 1952), Glossinidae (Henrard 1951), Neriidae
(Aczél 1955), Pipunculidae (Hardy 1952), Pyrgotidae (Aczél
1958), Sciomyzidae (Verbeke 1961), Simuliidae (de Meillon
1959b), Sphaeroceridae (Vanschuytbroeck 1959d), Stratiomy-
idae (Lindner 1958) and Tabanidae (Leclercq 1955).

The Garamba National Park (1949-1952) mission publica-
tions included treatments of 15 families of Diptera: Bibion-
idae (Hardy 1961), Bombyliidae (Bowden 1962), Celyphidae
(Vanschuytbroeck 1959a), Chironomidae (Freeman 1962),
Dolichopodidae(Vanschuytbroeck1959b), Pipunculidae (Hardy

Figs 1.29-37. Lund University Southern Africa Expedition 1950-51: (29) Greys Pass, 5 miles S.W. of Citrusdal, South Africa, 1950
(Loc. No. 31) (left to right: G. Rudebeck, G. Brinck-Lindroth, I. Rudebeck and Piet ?); (30) G. Rudebeck at Kirstenbosch, South
Africa, 1950; (31) PS.V. Brinck with Welwitschia mirabilis plant, Namibia, 1950; (32) G. Rudebeck, sampling at Steenbras,
South Africa, 1951; (33) PS.V. Brinck (left) and G. Brinck-Lindroth (right) at Steenbras, South Africa, 1951; (34) PS.V. Brinck
(left) and G. Brinck-Lindroth (right) sampling at Wilde Vogel Vlei, Cape Peninsula, South Africa, 1950 (Loc. No. 14); (35) PS.V.
Brinck sampling at Langebaan Lagoon, Saldanha Bay, South Africa, 1950 (Loc. No. 20); (36) PS.V. Brinck sampling insects with
a net, [locality unknown], Namaqualand, South Africa; (37) map of 356 localities sampled during the expedition (data from
Brinck & Rudebeck 1955, maps I-V). Fig. 29 (photograph PS.V. Brinck), Figs 30-33 (photographs I. Roth), Figs 34-36 (photo-
graphs G. Rudebeck), Fig. 37 (B.S. Muller; made with Natural Earth). All photographs courtesy Carita Brinck.
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1961), Psilidae (Verbeke 1968), Pyrgotidae (Vanschuytbroeck
1963), Scatopsidae (Cook 1964), Sciomyzidae (Verbeke 1963),
Sepsidae (Vanschuytbroeck 1961), Sphaeroceridae (Van-
schuytbroeck 1959c), Stratiomyidae (Lindner 1964), Taban-
idae (Leclercq 1961) and Tachinidae (Verbeke 1962).

The Lund University Swedish South Africa
Expedition (1950-1951)

Lund University, Sweden, undertook a major collecting expe-
dition to southern Africa in the early 1950s. The zoologist Bertil
Hanstrom (1891-1969) organised the Expedition and acquired
the necessary funding, but did not take part in the Expedition
himself, although acting in the capacity of first editor for the re-
sults that followed. Instead he sent Per Simon Valdemar Brinck
(1919-2013) (Figs 31, 33-36) and Gustaf Rudebeck (1913-
2005) (Figs 29, 30, 32) to undertake the sampling. Brinck and
Rudebeck had recently completed their PhDs at the University
of Lund and this was their first appointment. Both were accom-
panied by their wives, Gunvor Brinck-Lindroth (Figs 29, 33, 34)
and Inga Rudebeck (Fig. 29). The Expedition commenced in
October 1950 and ended in August 1951. Extensive sampling
was conducted in Botswana, Namibia, South Africa, Swaziland
and Zimbabwe at a total of 356 sampling localities (see Brink
& Rudebeck 1955; original maps -V summarised in Fig. 37).
Diptera were sampled using Malaise traps, sweep netting (Fig.
36) and other methods (Figs 32-35). The Expedition brought
to Lund the largest collections of species and specimens ever
received by the Zoological Institute, Lund.

Published chapters resulting from the Expedition represent
one of the most significant collective bodies of taxonomic
work on southern African Diptera. Results were published in
15 major volumes, as South African animal life (1955-1974),
which included reviews of 56 families of Diptera: Acrocer-
idae (Schlinger 1963), Agromyzidae (Spencer 1960), Asilidae
(Hull 1967), Athericidae (Stuckenberg 1960), Bibionidae (Har-
dy 1960), Blephariceridae (Stuckenberg 1956), Bombyliidae
(Hesse 1955, 1965), Calliphoridae (Zumpt 1959), Camillidae
(Hackman 1960), Canacidae (Wirth 1960), Ceratopogonidae
(de Meillon 1959a), Chironomidae (Freeman 1955c¢), Chlor-
opidae (Sabrosky 1959), Coelopidae (Ard6 1964), Conop-
idae (Smith 1967b), Culicidae (Muspratt 1959), Curtonotidae
(Hackman 1960), Diopsidae (van Bruggen 1961), Dolichopod-
idae (Vanschuytbroeck 1960), Drosophilidae (Hackman
1960), Empididae (Smith 1967a), Ephydridae (Wirth 1960;
Cogan 1970), Fanniidae (Chillcott & Pont 1970), Heleomyz-
idae (Cogan 1970), Hippoboscidae (Bequaert 1959b; Jobling
1959), Keroplatidae (Matile 1974), Lonchaeidae (McAlpine
1960), Milichiidae (Cogan 1970), Muscidae (Paterson 1960),
Mydidae (Bequaert 1959a), Nemestrinidae (Hull 1961),
Oestridae (Cogan 1970), Phoridae (Beyer 1959), Pipunculi-
dae (Hardy 1959a), Psychodidae (de Meillon 1955b; Satch-
ell 1956), Ptychopteridae (Alexander 1964), Pyrgotidae
(Vanschuytbroeck 1967), Rhagionidae (Stuckenberg 1960),
Rhinophoridae (Zumpt 1959), Sarcophagidae (Zumpt 1959),
Scathophagidae (Vockeroth 1958), Scatopsidae (Cook 1965),
Scenopinidae (Cogan 1970), Sepsidae (Hennig 1960), Sim-
uliidae (de Meillon 1955a), Sphaeroceridae (Hackman 1965),
Stratiomyidae (Lindner 1959), Syrphidae (Hull 1964), Tabani-
dae (Oldroyd 1956), Tachinidae (Verbeke 1970), Tanyderidae
(Alexander 1964), Tephritidae (Munro 1960), Thaumaleidae
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(Stuckenberg 1961), Tipulidae (Alexander 1964), Ulidiidae
(Steyskal 1960) and Vermileonidae (Stuckenberg 1960).

Namibian bioinventory surveys (1997-2003)

Between 1997 and 2003 the National Museum of Namib-
ia, Windhoek conducted an extensive bioinventory survey of
the Diptera fauna of Namibia, mainly using Malaise traps and
other passive sampling techniques. Sampling was conducted
throughout the country and the Diptera collection was devel-
oped through staff training and the collection of high quality
field-pinned specimens (Kirk-Spriggs 1998). Coverage of Dip-
tera records for the country (based on then existing collection
records and records generated through the survey), can be as-
sessed by examining the combined records of Calliphoridae
(incl. Rhiniidae) that were mapped by Kurahashi & Kirk-Spriggs
(2006) (Fig. 39) for Namibia and for the genus Curtonotum
Macquart (Curtonotidae) in the Afrotropical Region as a whole
by Kirk-Spriggs & Wiegmann (2013) (Fig. 38). In this latter case,
the outline of Namibia is clearly visible, due to the high density
of symbols indicating records. These maps combined indicate
that Namibia is now one of the better sampled countries for
Diptera in the Afrotropics.

Material resulting from the survey was distributed to special-
ists and resulted in numerous published faunal reviews of the
Namibian Diptera fauna, including: Acroceridae (Barraclough
2000), Bombyliidae (Greathead 2000b, 2006), Calliphoridae
(incl. Rhiniidae) (Kurahashi & Kirk-Spriggs 2006), Dolichopod-
idae (Grichanov et al. 2006), Muscidae (Couri et al. 2012),
Sepsidae (Ozerov 2000) and Tephritidae (Hancock et al.
2001, 2003). A series of publications also appeared dealing
with specific Diptera genera in the families: Asilidae (Habro-
pogon Loew; Londt 1999), Camillidae (Katacamilla Papp; Kirk-
Spriggs et al. 2002), Chloropidae (Apotropina Hendel; Kirk-
Spriggs et al. 2001b), Heleomyzidae (Tephrochlamys Loew;
Woznica 2001), Mythicomyiidae (Doliopteryx Hesse; Evenhuis
2000), Rhiniidae (Thoracites Brauer et Bergenstamm; Kura-
hashi 2001), Sarcophagidae (Hoplacephala Macquart; Pape
2006), Scenopinidae (Cyrtosathe Winterton & Metz; Winter-
ton & Metz 2005), Sphaeroceridae (Archicollinella Duda; Kirk-
Spriggs 2007a), Tachinidae (Fomedina Mesnil; Cerretti & Wyatt
2006) and Tephritidae (Dacus F.; Hancock & Drew 2001), etc.
Material resulting from the survey continues to be examined
by specialists and cited in taxonomic revisions and other fau-
nal reviews, e.g., Kameneva & Korneyev (2016), Kirk-Spriggs &
Wiegmann (2013), Korneyev (2015) and MacGowan (2005).

Biodiversity of the Brandberg massif, Namibia (1999-2000)

In 1999 the National Museum of Namibia initiated the
Brandberg massif pilot inventory study, Namibia’s highest
mountain, situated on the edge of the Namib Desert. This was
the first major study of its kind dealing with an African insel-
berg. Sampling was conducted using Malaise traps, pan traps,
light traps and pitfall traps (see Marais & Kirk-Spriggs 2000 for
details). Material was amassed from a number of separate sam-
pling events.

Results of the Brandberg survey were published in a dedi-
cated volume (Kirk-Spriggs & Marais 2000), which included
accounts of 16 families of Diptera: Agromyzidae (Tschirnhaus
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et al. 2000), Bombyliidae (Greathead 2000a), Chloropidae
(Ismay 2000), Chyromyidae (Ebejer 2000), Dolichopodidae
(Grichanov 2000), Empidoidea (Sinclair 2000), Heleomyzidae
(Woznica 2000), Milichiidae (Swann 2000), Muscidae (Deem-
ing 2000), Mythicomyiidae (Tschirnhaus et al. 2000), Pipuncul-
idae (De Meyer 2000), Sciaridae (Vilkamaa 2000), Stratiomy-
idae (Tschirnhaus et al. 2000), Syrphidae (Whittington 2000),
Tephritidae (Hancock 2000) and Therevidae (Tschirnhaus et al.
2000). Additional results were later published on the Vermile-
onidae (Stuckenberg 2000), Mythicomyiidae (Evenhuis 2001;
Kirk-Spriggs & Evenhuis 2008) and Atelestidae (Sinclair & Kirk-
Spriggs 2010).

National Museum of Namibia’s Marine-littoral Survey 1998

In 1998 the National Museum of Namibia, Windhoek (in col-
laboration with staff of Museum fiir Naturkunde der Humboldt-
Universitdt zu Berlin, Germany), conducted an extensive sur-
vey of intertidal insects, focusing primarily on the sampling of
the orders Diptera and Coleoptera (Figs 40, 41). Scientists that
actively participated in the expedition were Eugéne Marais
(1959-living) (Expedition leader), Ashley Howard Kirk-Spriggs
(1962-living) (both National Museum of Namibia, Windhoek)
and Manfred Uhlig (1949-living) (Museum fiir Naturkunde,
Berlin). Other participants were Barbara Uhlig, Jan Mees-
er, Wilferd Versfeld, Hannes Steyn and Nico Olivier. Diptera
were sampled at 69 sampling stations (62 in Namibia and 17
in South Africa) (Fig. 47), from the Kunene River mouth on the
Namibian/Angolan border to Tsitsikamma in the Eastern Cape
Province, South Africa (see Kirk-Spriggs et al. 2001a, for full
list of sampling stations). Samples were taken every 35 km on
the northern half of the Namibian seaboard and at ca 150 km
intervals on the South African seaboard. Due to problems with
access to the Namibian Diamond Area samples could only be

taken at limited sampling stations in the south of the country
after the main survey was completed. Sampling concentrated
on flies associated with kelp (Figs 42, 44-46) and Cape fur seal
colonies (Fig. 43) and was mainly conducted using netting and
searching. Adult flies were also reared from larvae and puparia
sampled from kelp and beneath decomposing Cape fur seals.

Results of the Diptera component resulted in four publica-
tions (Kirk-Spriggs 2003a, b, 2007b; Kirk-Spriggs et al. 2001a);
Kirk-Spriggs et al. (2001a) dealing with ten families of flies and
providing identification keys.

Arthropod Survey of Madagascar’s Protected Areas

The Arthropod Survey of Madagascar’s Protected Areas was
initiated by Michael Edward Irwin (1940-living) (Figs 48, 78),
of the University of lllinois, U.S.A. and Evert Irving Schlinger
(1928-2014) in 1998 and was funded through the Schlinger
Foundation. The main focus of the sampling effort is to gen-
erate extant material of the Diptera families Acroceridae and
Therevidae, but the timescale and geographical range of the
sampling conducted have resulted in the largest and most com-
prehensive collection of Diptera ever amassed from Madagas-
car. The project is coordinated within Madagascar by Rasolon-
dalao Harin’Hala Hasinjaka (Rin’ha) (1972-living) (Figs 50, 51.
53) and operates under the auspices of MICET (Madagascar
Institut pour la Conservation des environments Tropicaux).
The project has been ongoing for 18 years (1998-2017) and
is scheduled to end its collecting activities in another one or
two years. Harin’Hala has liaised with local communities and
overseen the deployment and maintenance of Malaise traps
by local villagers (Fig. 50) and the sorting of samples, many to
the family level (summarised in Fig. 52), by students from the
University of Antananarivo (Fig. 51). The project involves the

Figs 1.38-39. Diptera distributions in Africa and Namibia: (38) plotted distribution records for the genus Curtonotum Macquart
(Curtonotidae) in Africa; (39) plotted distribution records of Calliphoridae and Rhiniidae in Namibia. Fig. 38 (B.S. Muller; after
Kirk-Spriggs & Wiegmann 2013, fig. 322; made with Natural Earth), Fig. 39 (B.S. Muller; after Kurahashi & Kirk-Spriggs 2006,

fig. 45; made with Natural Earth).
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Figs 1.40-47. National Museum of Namibia’s Marine-littoral Survey 1998 (all Namibia, except Fig. 46): (40) campsite at Rocky
Point (left to right: Barbara Uhlig, Nico Olivier, Eugene Marais, Wilferd Versfeld and Ashley Kirk-Spriggs); (41) on dunes at
Bosluisbaai; (42) sampling sandy beach, Ugab River mouth; (43) sampling Diptera from seal carcass Kunene River mouth; (44)
sampling Diptera (left) and Coleoptera (right), Kunene River mouth; (45) sampling from kelp on pebble beach, Méwe Bay; (46)
sampling on rocky coast, West Coast National Park, South Africa; (47) map indicating 69 Diptera sampling stations. Figs 40-46
(courtesy B. & M. Uhlig; Museum fiir Naturkunde Berlin, Germany), Fig. 47 (B.S. Muller; after Kirk-Spriggs et al. 2001a, fig.

81; made with Natural Earth).
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long-term monitoring of Diptera and other arthropods using
Malaise traps, mostly in protected areas encompassing all of
Madagascar’s major biomes and vegetation types. Traps are ser-
viced weekly and often maintained at a given site for a year or
more. To date, 107 localities have been sampled (Fig. 55). All
material has been collected directly into 96% ethanol making
it, in many cases, suitable for DNA extraction. Sorted material
has routinely been carried by scientists visiting Madagascar to
the United States of America and to the California Academy of
Sciences in San Francisco, where it is now managed and loaned
to interested researchers throughout the world.

Additional sampling as part of the project was undertaken
by M.E. Irwin (Fig. 78), E.l. Schlinger and Frank Downs Park-
er (1936-living) (over several years) and by Stephen Archer
Marshall (1954-living) (in 2014), Martin Hauser (1967-living)
(2004 and 2014), Stephen David Gaimari (1968-living) (2014)
and A.H. Kirk-Spriggs (2007 and 2014).

From 1997-2000 Brian Lee Fisher (1964-living) and Charles
Edward Griswold (1945-living) of the California Academy of
Sciences, U.S.A., initiated the Terrestrial Arthropod Inventory
of Madagascar, which aimed to document a broad range of

Figs 1.48-55. Arthropod Survey of Madagascar’s Protected Areas: (48) M.E. Irwin (Project leader) clearing ox-cart trail, Analangi-
dro dry forest, Melaky Region, 2007; (49) Townes-style Malaise trap, deployed at Ambakaka palm forest, Atsimo Andrefana Re-
gion, 2010; (50) R. Harin’Hala (far right) training local villagers in servicing Malaise traps, Ambovomamy secondary forest, Sofia
Region, 2008; (51) sorting facility at Bibikely Biodiversity Center, with sorters from the University of Antananarivo (far right: R.
Harin’Hala); (52) vials of Diptera sorted to family level; (53) R. Harin’Hala (local coordinator) at ValBio Research Station; (54)
large baobab trees, Mitoho Forest (transitional), Atsimo Andrefana Region, 2008; (55) map of Madagascar, indicating 107 local-
ities sampled during the survey. Figs 48-54 (photographs courtesy of M.E. Irwin), Fig. 55 (B.S. Muller; made with Natural Earth).
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taxa, but with emphasis on ants (Hymenoptera: Formicidae)
and spiders (Araneae). One of the project’s seven primary
goals was, however, to sort, curate and identify at least to
morphospecies all species of the Diptera families Acroceridae
and Therevidae, together with eight other diverse groups of
invertebrates. This project has also generated a considera-
ble amount of Diptera material, which, like that of the Irwin
project, is housed in the California Academy of Sciences. Al-
though organised and funded separately, these two projects
are essentially linked by the fact that they share sorting facili-
ties at the Bibikely Biodiversity Centre facility, located within
the Tsimbazaza National Zoological Day-Night Park in Anta-
nanarivo.

Irwin et al. (2003) published an important assessment of
the biodiversity of Diptera in Madagascar, based largely on
results from these projects, and a total of 24 other publications
that deal with Diptera generated through the Arthropod Sur-
vey of Madagascar’s Protected Areas and the Terrestrial Arthro-
pod Inventory of Madagascar have appeared to date, cover-
ing 13 families of Diptera: Asilidae (Dikow & Bayless 2009;
Londt 2012, 2015), Bombyliidae (Maass et al. 2016), Conop-
idae (Couri & Barros 2010; Couri & Pont 2006; Stuke 2012,
2015), Curtonotidae (Kirk-Spriggs 2010c, 2011), Dolichopod-
idae (Capellari & Grichanov 2012), Muscidae (Couri 2008;
Couri et al. 2006), Mycetophilidae (Hippa 2008), Mydidae
(Kondratieff 2009; Kondratieff et al. 2005), Mythicomyiidae
(Evenhuis 2007), Syrphidae (Lyneborg & Barkemeyer 2005;
Reemer & Bot 2015; Ssymank 2010; Thompson & Hauser
2015), Tabanidae (Zeegers 2014), Therevidae (Hauser & Irwin
2005) and Vermileonidae (Stuckenberg 2002).

Eastern Arc Biodiversity Programme

This programme aims at exploring the invertebrate biota of
Tanzania’s Eastern Arc mountain range, and in particular, that
of the Udzungwa Mountains, combining sampling and species
inventories with the testing of specific ecological questions.
The ancient forests of the Eastern Arc Mountains contain a
unique biota, with a high degree of endemicity (e.g., Eng-
hoff 2014) and as these mountains are sprinkled in a “sea”
of savanna, the mountain range has been compared with
the Galapagos Is., although the Eastern Arc biota is far more
complex than that of the Galapagos (Scharff et al. 2015). The
knowledge of the fauna of arthropods in Udzungwa is exceed-
ingly sparse (Pape & Scharff 2015) and the Diptera fauna has
so far received only very fragmentary treatment (e.g., Doczkal
& Pape 2009; Kaae et al. 2015; Kirk-Spriggs 2010d).

Operations are based at the Udzungwa Ecological Monitor-
ing Centre, with most activities taking place in the nearby Ud-
zungwa Mountains National Park (1,990 km?). Since 2013, lo-
cal staff has continuously been trained for the collecting of both
specimens and field data and various collecting protocols for
arthropods in tropical forests have been tested and optimised
for estimating local species richness (Malumbres-Olarte et al.
2016). Extensive Malaise trap samples have been deposited in
the Natural History Museum of Denmark, but limited resourc-
es for sorting and mounting are impairing progress. A mem-
orandum of understanding (MoU) has been established be-
tween Tanzania National Parks (TANAPA), the Natural History

Museum of Trento, Italy and the Natural History Museum of
Denmark, on the collaborative management and financing
of the Udzungwa Ecological Monitoring Centre from 2017-
2022. More specifically, this MoU will facilitate accommoda-
tion and logistic ground support (field assistants) for planned
fieldwork as well as teaching (T. Pape, pers. comm. 2017).

United Arab Emirates Insect Project

The United Arab Emirates (UAE) Insect Project was initi-
ated and sponsored by H.H. Sheikh Tahnoon Bin Zayed Al
Nahyan and has been coordinated since its inception by the
Dutch entomologist Antonius van Harten (1946-living) (Fig.
58), with the assistance of Khalid Mahmood (1977-living),
who deployed traps and maintained the passive trapping pro-
gramme (Fig. 57). Sampling methods adopted during the pro-
ject include Malaise traps, light traps, pan traps, pitfall traps,
sweep netting and the use of Berlese funnels. Passive sam-
pling was undertaken at 36 localities (Fig. 62), representative
of the diverse habitat types evident in the country (e.g., Figs
60, 61) (van Harten 2008). The survey material (aside from
the pinned Lepidoptera) is preserved in ethanol and figures
for August 2011 indicate a total of 13,520 samples. The pro-
ject has involved the sorting and distribution of thousands of
specimens to researchers throughout the world. Part of the
insect material resulting from the project, termed the “UAE
Invertebrate Collection”, is housed in the Abu Dhabi Depart-
ment of Environment, other specimens have been deposited
in the institutions indicated in the various chapters.

An important aspect of the project has been inviting spe-
cialist entomologists to visit UAE and sample their respective
groups of interest and the project received 33 visiting special-
ists from 14 countries between 2005 and 2011. Diptera spe-
cialists that visited UAE are: Thomas Pape (1960-living) (visit-
ed in 2005) (Fig. 59), Krzysztof Szpila (1974-living) (in 2005),
John Christopher Deeming (1939-living) (in 2006), Frank
Menzel (1960-living) (in 2007), Andreas Stark (1958-living)
(in 2007 and 2010), M. Hauser (in 2008), Jens-Hermann
Stuke (1967-living) (in 2008), Jaroslav Bosak (1965-living)
(in 2008 and 2009), Milan Hradsky (1930-living) (in 2008),
Matthias Jaschhof (1963-living) (in 2009), Catrin Jaschhof
(1966-living) (in 2009), Wayne Neilsen Mathis (1945-living)
(in 2010), Tadeusz Zatwarnicki (1958-living) (in 2010) and
Ruud van der Weele (1965-living) (in 2011) (A. van Harten,
pers. comm. 2017).

Results of the Diptera component of the survey have been
published in six volumes of “Arthropod Fauna of the UAE"
(2008-2017), which included accounts of 50 families of Dip-
tera: Anthomyiidae (Deeming & van Harten 2014), Antho-
myzidae (Deeming 2008b), Asilidae (Bosak & Hradsky 2011;
Bosédk et al. 2014), Asteiidae (Deeming 2010b), Bibionidae
(Deeming 2009a), Calliphoridae (incl. Rhiniidae) (Deeming
2008d), Canacidae (Munari 2008, 2010), Carnidae (Deeming
2017), Cecidomyiidae (Harris & van Harten 2010; Jaschhof &
Jaschhof 2011), Ceratopogonidae (Szadziewski et al. 2011),
Chamaemyiidae (Raspi 2008), Chironomidae (Andersen &
Mendes 2010; Gitka 2009), Chloropidae (Deeming 2011),
Chyromyidae (Ebejer 2008), Conopidae (Stuke 2008a;
2017), Corethrellidae (Gitka & Szadziewski 2009), Curtonot-
idae (Kirk-Spriggs 2008), Diopsidae (Hauser et al. 2011),

INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL DIPTEROLOGY



26 SURICATA 4 (2017)

Dolichopodidae (Gatt 2014; Naglis 2014; Naglis & Bickel as separate family below] (Woznica 2008), Hippoboscidae
2017), Drosophilidae (Sidorenko & Nakonechnaya 2010),  (Deeming 2009c), Limoniidae (Hancock 2011), Lonchaeidae
Empididae (Chvéla & Stark 2011; Plant 2009), Ephydridae  (MacGowan 2008), Milichiidae (Deeming 2017), Muscidae
(Mathis et al. 2017), Heleomyzidae [Trixoscelidinae treated  (Deeming 2008c), Muscomorpha (Schuster & Deeming 2011),

Figs 1.56-62. United Arab Emirates Insect Project: (56) Townes-style Malaise trap, deployed at Wadi Wurayah; (57) project
assistant Khalid Mahmood (1977-living), deploying yellow pan traps at Wadi Wurayah; (58) project coordinator Antonius van
Harten (1946-living); (59) Thomas Pape (1960-living) in mangroves north of Ajman (one of 14 visiting dipterist specialists who
participated in the project); (60) trapping locality Ar-Rafah; (61) trapping locality Wadi Wurayah; (62) map indicating localities
where traps were deployed (original data from van Harten 2008). Figs 5661 (photographs courtesy A. van Harten), Fig. 62
(B.S. Muller; made with Natural Earth).

MANUAL OF AFROTROPICAL DIPTERA — VOLUME 1



SURICATA 4 (2017)

Mydidae (Deeming 2008a; Dikow 2010), Mythicomyiidae
(Evenhuis 2009), Nemestrinidae (Deeming 2009b), Odiniidae
(Gaimari 2011), Oestridae (Deeming 2009e), Phoridae (Disney
2008), Psychodidae (Jezek & van Harten 2009), Rhagionidae
(Deeming 2010a), Rhinophoridae (Zeegers 2008), Scathophag-
idae (Deeming 2009d), Scenopinidae (Ebejer 2009), Sepsidae
(Stuke 2008b), Sphaeroceridae (Gatt 2008), Stratiomyidae
(Hauser 2008, 2014), Syrphidae (Smit et al. 2017), Tabanidae
(Jezek et al. 2017), Tachinidae (Zeegers 2010), Tephritidae
(Merz 2008, 2011), Therevidae (Hauser 2017), Trixoscelididae
[now treated as subfamily of Heleomyzidae] (Woznica 2009)
and Ulidiidae (Kameneva & Korneyev 2010).

Boyekoli Ebale Congo Expedition 2010

In 2010, three Belgian consortium institutions: the Royal
Museum for Central Africa, the Royal Belgian Institute of Natu-
ral Sciences and the National Botanical Garden of Belgium, in
collaboration with the University of Kisangani (UNIKIS), Dem-
ocratic Republic of Congo, organised the multidisciplinary
Boyekoli Ebale Congo Expedition (meaning study of the Congo
River), on the Congo River in Democratic Republic of Congo.
This Expedition represented one of Europe’s major initiatives to
celebrate the International Year of Biodiversity in 2010. Thirty-
six non-Congolese scientists, mainly Belgians, took part in the
Expedition over a period of two months (May—-June 2010).
Other Expedition scientists originated from France, Germany,
Hungary, Italy, the Netherlands, South Africa and the United
States. Subjects studied included aquatic insects, archaeology,
biogeochemistry, botany, entomology, fishes and their para-
sites, geology, cartography, herpetology, limnology, linguistics,
mammals and their parasites and organic pollutants. Congo-
lese scientists and students worked closely with foreign re-
searchers to facilitate collaboration and allow for skills transfer
(Kirk-Spriggs 2010a, b).

Four dipterists took part in the Expedition: Rudolf Mei-
er (1963-living) (Fig. 66), who was studying the behaviour
of Sepsidae; A.H. Kirk-Spriggs who was sampling Diptera in
general (especially Curtonotidae); Patrick [Joseph Maurice]
Grootaert (1952-living), who was studying Empidoidea; and
Massimiliano Virgilio (1970-living), who was engaged in stud-
ies of economically important Tephritidae (Fig. 67). The Expe-
dition was split into two phases, with Grootaert and Virgilio
participating in May and Meier and Kirk-Spriggs in June. The
Expedition traversed the Congo River in two baleiniéres (the
Congolese name for locally built wooden boats) (Figs 63, 64)
from the town of Bumba to Kisangani (Fig. 68), stopping en
route for up to 10 days to allow for sampling. Sampling was
conducted using Malaise traps, baited hanging traps, sweep
netting (Fig. 65) and hand collecting.

Results of the Expedition have not been published collec-
tively, but some publications resulting directly from the dip-
terological sampling have already appeared, e.g., Dolichopod-
idae (Grichanov et al. 2011), Hybotidae (Grootaert & Sham-
shev 2013a, b, 2014a, b), Sepsidae (Zhao et al. 2013), Teph-
ritidae (Virgilio et al. 2011, 2013) and material sampled during
the Expedition continues to feed into larger regional revisions,
e.g., Couri & Pont (2014), Couri et al. (2013), Kameneva &
Korneyev (2016), O’Hara & Cerretti (2016), etc.

International Survey of Afrotropical Diptera
(National Museum, Bloemfontein)

Vast tracts of the Afrotropics remain under-sampled for Dip-
tera (e.g., Fig. 38). The National Museum, Bloemfontein (now
the largest non-specialised collection of Diptera in the region),
has been undertaking extensive sampling of Diptera in various
African countries in the past eight years, which was formalised
as the “International Survey of Afrotropical Diptera” in 2017.
This survey is being conducted in order to generate high qual-
ity pinned specimens for systematic study and to build a com-
prehensive collection of Afrotropical Diptera based in Africa.

Sampling is organised by staff of the National Museum and
involves scientific engagement with other international institu-
tions around the world, with two or three fieldtrips organised
each year. Sampling is mainly conducted using Malaise traps
(e.g., Figs 69, 72, 73), but sweep netting, baited hanging traps,
pan traps and light traps are also deployed. To date fieldtrips
have been conducted in Benin, Burundi, Cameroon, Dem-
ocratic Republic of Congo, Kenya, Réunion Is., Madagascar,
Malawi, Mauritius, Namibia, South Africa (Eastern and West-
ern Cape, Free State, Mpumalanga, KwaZulu-Natal Provinces),
Togo and Zambia. Material is distributed to specialists around
the world for identification and description.

Diptera of the Mascarene Islands

In 2015 the National Museum organised a month-long ex-
pedition to Réunion Is. in the Indian Ocean (Figs 71-73, 75),
with the original intention of publishing a series of papers in a
dedicated volume dealing with the Diptera of the island. This
project was expanded in 2016 to become “The Diptera (Insec-
ta) of the Mascarene Islands”. Sampling was conducted in pris-
tine forest habitats in Mauritius in 2016 (Figs 69, 70, 76); and a
more extensive month-long survey of the lowlands of Mauritius
(including Round Is.) and Rodrigues Is. is planned in 2018. So
far the project has involved A.H. Kirk-Spriggs (Project coordi-
nator), Gunnar Mikalsen Kvifte (1987-living) (Réunion Is. and
Mauritius), Martin John Ebejer (1953-living), Kurt August Maria
Jordaens (1970-living) (Réunion Is. only), Burgert Smith Muller
(1983-living) and S.A. Marshall (Mauritius only). Sampling is
mainly conducted using Malaise traps (Figs 69, 72, 73), baited
hanging traps, pan traps, fruit fly traps (Fig. 70) and by sweep
netting. Specialist collecting of the families Syrphidae (e.g., Fig.
74), Psychodidae and Micropezidae has also been carried out.
Specimens are mainly field-pinned, with spirit material pre-
served in 96% ethanol and suitable for DNA extraction. Sorted
material is distributed to specialists and a dedicated volume
in a new “Memoirs of Afrotropical Dipterology” series to be
published by the National Museum is planned in the future.

Suggested future priority surveys and
ways forward

Given ever-increasing habitat destruction in the Afrotropics,
due to subsistence farming and urban development, it is impor-
tant to determine priority areas where Diptera sampling needs
to be urgently conducted. The last remaining West African rain-
forests (identified as one of Africa’s biodiversity hotspots; My-
ers et al. 2000) are rich in endemic species, are under serious
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threat and require dedicated sampling. The more tropical
Angolan section of the Great Escarpment remains poorly
sampled and Angola’s tropical inselbergs remain entirely un-
known. Afromontane forests associated with the Great Rift Val-
ley in East Africa are seriously under threat and require urgent

sampling efforts. Intertidal Diptera of the West and East Africa
seaboards (including Madagascar) remain virtually unknown
and require surveying, and the highly fragmented coastal for-
ests of East Africa (identified of as one of Africa’s biodiversity
hotspots; Myers et al. 2000) also require urgent sampling.

e N
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Figs 1.63-68. Boyekoli Ebale Congo Expedition 2010: (63) one of two wooden baleiniéres used to transport scientists on the
Congo River; (64) working conditions on board the baleinieres while moored; (65) sweep netting at Lieki village; (66) Rudolf
Meier (1963-living); (67) (left to right) Ashley Howard Kirk-Spriggs (1962-living), Patrick Joseph Maurice Grootaert (1952—
living) and Massimiliano Virgilio (1970-living); (68) map of Democratic Republic of Congo, indicating route followed and Dip-
tera sampling stations. Figs 63, 64, 66 (photographs A.H. Kirk-Spriggs), Fig. 65 (photograph courtesy K. Pannecoucke), Fig. 67
(photograph R. Meier); Fig. 68 (B.S. Muller; made with Natural Earth).
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There is a need for dedicated Diptera expeditions to tar-
geted habitats and selected African mountains. A more co-
ordinated effort is required to arrange large sampling efforts
in the Afrotropics and such efforts should lead to dedi-
cated publications. Passive sampling protocols need to be

standardised to allow for comparisons of surveys (e.g., the
Brandberg massif model) and, finally, there is a need for estab-
lishment of an African Diptera Sorting Facility that can process
samples generated through surveys in Africa and distribute
these to specialists.

Figs 1.69-76. Diptera Survey of Mascarene Islands: (69) Gressitt & Gressitt-style Malaise trap, upland heath forest, Pétrin, Mau-
ritius; (70) fruit fly lure traps, Macchabée Forest, Mauritius; (71) laboratory at Mare Loungue Research Station, La Réunion (left
to right: G.M. Kvifte, A.H. Kirk-Spriggs and K.A.M. Jordaens); (72) Malaise trap in gully, Bois de Sans Souci, La Réunion; (73)
riverbed, Bras Chansons, La Réunion; (74) Ornidia obesa (F.) (Syrphidae) common on both islands; (75) map of La Réunion indi-
cating sampling stations; (76) map of Mauritius indicating sampling stations. Figs 69, 70 (photographs courtesy B.S. Muller), Fig.
71 (photograph courtesy M.]. Ebejer), Figs 72, 74 (photographs courtesy G.M. Kvifte), Fig. 73 (photograph A.H. Kirk-Spriggs),
Figs 75, 76 (B.S. Muller; http://www.mapsland.com).
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Biographies of twelve leading Afrocentric
dipterists

There are several dozen dipterists (living and deceased),
who have made very substantial and lasting contributions to
our knowledge of Afrotropical Diptera. The following 12 have
been selected based on contributions to specific areas of dip-
terology, i.e., agricultural and veterinary pests and vectors, hu-
man disease vectors, biological control, biology and behaviour,
taxonomy and biogeography.

Ernest Edward Austen (1867-
1938) (inset) was born in the Unit-
ed Kingdom and was educated at
Rugby School, where his enthusi-
asm for natural history was already
so marked as to isolate him some-
what from his school fellows. He
attended the University at Heidel-
berg, Germany and in 1889 joined
the staff of the British Museum
(Natural History) (now the Natural
History Museum, London, U.K.),
where he was put in charge of the
Diptera collection, serving as Keeper of Entomology from 1927
until his retirement in 1932. He travelled to Brazil as naturalist
on the cable ship Faraday (1895-1896) and collected insects
in Brazil and in 1899 travelled with Sir Ronald (then Major)
Ross (1857-1932) (of the Liverpool School of Tropical Medi-
cine) to study mosquitoes in Sierra Leone, West Africa. From
there he travelled to South Africa and served as City Impe-
rial Volunteer (C.1.V)) in the Anglo Boer War. At the onset of
WWI he was called up and served as company commander
in the Artist’s Rifles, but following a short spell in France, was
transferred to the Egyptian Expeditionary Force. Aside from
his official duties on malarial and fly control work in Palestine,
which gained him the Distinguished Service Order (D.S.0.),
he made an extensive collection of Diptera in the country. This
material was not worked up until after his retirement, when
he published “The Bombyliidae of Palestine” in 1937. On his
return from the Anglo Boer War he concentrated his attention
on blood-sucking flies, publishing his “Monograph of the tsetse
flies” in 1908, “Handbook of the tsetse flies” in 1911 and “The
British bloodsucking flies” in 1906. He served on the Council
of the Zoological Society of London, U.K. and was at one time
Vice-President of the Royal Society of Tropical Medicine and
Hygiene. An obituary was published by Blair (1938), on which
these notes are based. Photograph courtesy N.L. Evenhuis.

David Andrew Barraclough (1958—
living) (inset; Fig. 81) was born in
Johannesburg, South Africa and
graduated from Maritzburg Col-
lege. He enrolled at the University
of Natal, Pietermaritzburg, South
Africa in 1978, being awarded a
BSc (Honours) degree in 1982 and
an MSc degree in 1984. He took
up the position of Curator of Ento-
mology at the Natal Museum (now
KwaZulu-Natal Museum) in 1982;
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a position he held until 1985, when he left South Africa to
pursue a PhD at the University of New South Wales, Sydney,
Australia. He was awarded a PhD in 1990, for a thesis entitled
“Systematics of the Australasian Dexiini (Diptera: Tachinidae),
exclusive of Prosena Le Peletier & Serville”. He returned to South
Africa and the Natal Museum in 1990 as Head of Department
of Entomology and in 1996 became Head of Department of
Arthropoda (an amalgamation of the Entomology and Arach-
nology Departments), a post he held until his resignation in
2002. From 2002 to 2014 he worked part-time as an Honorary
Research Fellow in the School of Biological Sciences (now Life
Sciences) at the University of KwaZulu-Natal, Durban. Whilst
at the Natal Museum he was Assistant Editor (1990-1994) and
later Editor (1994-2002) of the Annals of the Natal Museum
(now African Invertebrates) and the Natal Museum Journal of
Humanities (now Southern African Humanities). Barraclough
has made outstanding contributions to the taxonomy, system-
atics and biogeography of Diptera, particularly pertaining to
Southern Africa and the Afrotropical Region, although he has
also published on the faunas of North America, the Arabian
Peninsula and Australasia. He is a world authority on the sys-
tematics of more than 10 families of Diptera and has published
on the following families (numbers of publications in paren-
theses): Acroceridae (7); Anthomyzidae (1); Aulacigastridae
(1); Bombyliidae (1); Camillidae (12); Carnidae (1); Clusiidae
(2); Ctenostylidae (3); Diastatidae (3); Micropezidae (5); Mus-
cidae (1); Natalimyzidae (2); Nemestrinidae (5); Neminidae
(1); Neriidae (2); Odiniidae (1); Oestridae (formerly Gastero-
philidae) (1); Opomyzidae (1); Sciomyzidae (3); Tachinidae
(18); and Ulidiidae (2). At the end of 2006, with David Ken-
dray McAlpine (1934-living), he described a new family of
acalyptrate Diptera, the Natalimyzidae and the systematics,
biogeography and biology of Southern Africa’s long-proboscid
genera of Nemestrinidae have remained one of his major re-
search interests for the past 10 years. At the time of writing
(February 2017), he is engaged in revisions/reviews of the
nemestrinid genera Moegistorhynchus Macquart and Prosoe-
ca Schiner (D.A. Barraclough, pers. comm. 2017). Photograph
courtesy KwaZulu-Natal Museum.

Alexander Cuthbertson (1901-
1942) (inset) was born in Glasgow,
Scotland, U.K. He was educated
at the West of Scotland Agricul-
tural College, where he obtained
a Diploma in Agriculture. In June
1926 he joined the Department of
Agriculture, Salisbury in Southern
Rhodesia (now Harare, Zimbabwe).
He was a keen naturalist, interested
in insects and birds and he took up
the study of the Tipulidae (crane
flies) of western Scotland while still
at college. After joining the Rhodesian Department of Agri-
culture he broadened his taxonomic and biological interests,
taking up studies of higher groups of Diptera, making consid-
erable progress, particularly in a series of papers during the
1930s, dealing with the biology, habits and immature stages
of the Diptera of Zimbabwe, many of which still represent the
only Afrotropical studies of their kind. He was also involved in
early studies of Mt Chirinda and donated 130 specimens from
there to the British Museum (Natural History) (now the Natural
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History Museum, London, U.K.) in 1930. As an avid insect col-
lector he was eventually made curator of the entomological
collections. His publication record is not extensive, probably
due to his short life, and mainly covers Muscidae, Tachinidae
and agents of myiasis. He was more interested in behaviour
and immature stages and showed little inclination towards
describing species. He kept up a voluminous correspondence
with researchers around the world, however, and distributed
material freely to museums elsewhere in Africa and around
the world, including the Iziko South African Museum, Cape
Town, South Africa, the Commonwealth Agricultural Bureau
(now housed in the Natural History Museum), the Hunteri-
an Museum, University of Clasgow, U.K. and the National
Museum of Natural History, Washington D.C., U.S.A. Cuth-
bertson died suddenly in July 1942 in his laboratory following
a period of work-related stress and army manoeuvre exertions.
The esteem in which he was held by his peers is reflected in
45 African Diptera taxa being named in his honour. Most of
these eponymic taxa (representing 15 families), were named
prior to his death, but a significant number have appeared af-
terwards, the most recent being an asilid in 2004. The insect
collection of the former Department of Agriculture, Salisbury,
which includes the bulk of Cuthbertson’s Diptera material,
now forms part of the collections of the Plant Protection Re-
search Institute, Harare, Zimbabwe (see below). A short obitu-
ary was published by Munro (1942) and a forthcoming paper
providing a biographical account of his life is in preparation
(Hancock & Moore in prep.), on which these notes are based.
Photograph Smithsonian Institution Archives (image SIA2017-
020132).

John Christopher Deeming (1939-
living) (inset) was born in 1939 at
Potters Bar, Hertfordshire, U.K. Fol-
lowing schooling at Potters Bar and
obtaining his General Certificate of
Education, he was appointed as Sci-
entific Assistant in the Entomology
Department of the British Museum
(Natural History) (now the Natural
History Museum, London, U.K.), in
October 1955. His first two years
at the Museum (1955-1956) were
spent as an Assistant in Entomology
and the remaining eight (1957-1964) in the Diptera Section.
During this latter period he assisted H. Oldroyd and his vis-
itors to the section, documented, identified and incorporat-
ed material, undertook fieldwork in Britain and Europe and
published some research, mainly on Sphaeroceridae, under
the tutelage of Owain Westmacott Richards (1901-1984). This
period (1965-1966) also included two years National Ser-
vice as a gunner in the British Army on the Rhine in Germany
(1959-1961). In January 1966, he moved to Nigeria to take up
the position of Entomologist in the Department of Crop Pro-
tection, Institute for Agricultural Research of the Ahmadu Bello
University, Samaru, Nigeria. His main duties were the build-
ing of a comprehensive insect collection for use in research
and teaching, undertaking extensive fieldwork throughout (the
former) Northern Region and providing identification services
and advice to the Ministry of Agriculture. He also engaged in
training of field and laboratory staff, undertook research on
shoot flies and cotton pests, held field trials, undertook locust

scouting and visited areas of pest outbreaks; and during the
yellow fever outbreak of the Nigerian Civil War (also known as
the Biafra War 1967-1970), he carried out a mosquito survey.
He also undertook editorial work for the Entomological Society
of Nigeria and in the late 1970s, taught an insect taxonomy
course to MSc students. He returned to the United Kingdom
in December 1979, initially spending six months writing up
research on Afrotropical Chloropidae, funded through a grant
from the Inter-University Council for Higher Education Over-
seas. He was appointed as Research Assistant in the Depart-
ment of Zoology, National Museum of Wales, Cardiff, U.K. in
1980, where he was employed until his retirement in 2006.
His main duties entailed collection curation, identification and
research, principally on the Diptera and Hemiptera. He has
undertaken extensive fieldwork in Cyprus, France, Gambia,
Greece, Hungary, Ibiza Is., ltaly, Kenya, Lebanon, Malta, Ni-
geria, Oman, Saudi Arabia, Tunisia and the United Kingdom.
He was awarded a PhD by the University of Wales College,
Cardiff in 1998, for a thesis entitled “Taxonomy of cyclor-
rhaphous Diptera associated with cereals and grasses in Africa
and Arabia”. Since retirement he has co-edited the six pub-
lished volumes of “Arthropods of the UAE” and in the same
series was author on papers dealing with the families: Anth-
omyzidae, Calliphoridae, Muscidae and Mydidae (in Volume
1); Bibionidae, Hippoboscidae, Nemestrinidae, Oestridae and
Scathophagidae (Volume 2); Asteiidae (Volume 3); Chlorop-
idae, Diopsidae and cyclorrhaphous Diptera associated with
vertebrates (Volume 4); Anthomyiidae (Volume 5); and Carn-
idae and Milichiidae (Volume 6). He is well known for his
encyclopaedic knowledge of Diptera and his main research
focus has been taxonomic studies of Atherigona Rondani and
Chloropidae shootflies, Milichiidae and Sphaeroceridae. He
has published over 100 scientific contributions, dealing with
27 Diptera families and has described 146 species of Dip-
tera (J.C. Deeming, pers. comm. 2017). Photograph courtesy
A. Deeming.

Michael Chidozie Dike (1954-
2015) (inset) was born in 1954 to the
family of Chief Michael Chukwu-
kere Dike at Ubaha-Orodo, Owerri
in Imo State, Nigeria. He schooled
at Trinity High School, Oguta,
where he obtained his WASC (grade
one) certification and a General
Certificate of Education (as an ex-
ternal candidate of the University
of London, U.K.) in 1971. He then
enrolled at the University of Nige-
ria, Nsukka, where he obtained a
BSc degree in Zoology in 1978, going on to obtain an MSc
degree in Plant Protection from Ahmadu Bello University,
Samaru, Nigeria in 1983. It was around this time that he
developed an active interest in the taxonomy of Atherigona
Rondani (Muscidae) shootflies of economic importance. He
travelled overseas and studied for a PhD at the University
of Wales College, Cardiff, U.K., under the tutelage of J.C.
Deeming (see biography above), being awarded the degree
in 1987, for a thesis entitled “Taxonomic studies on Afro-
tropical shootflies of the genus Atherigona Rondani (Diptera:
Muscidae)”. He also obtained a certificate in Insect Taxono-
my from the Commonwealth Institute of Entomology, Lon-

INTRODUCTION AND BRIEF HISTORY OF AFROTROPICAL DIPTEROLOGY 1



32

don, UK. in 1981. Upon his return to Nigeria he held two
brief positions as Tutor, School of Health Technology, Kaduna
(1978-1979) and Senior Biology Master, Abbot Boys Sec-
ondary School, lhiala (July-September 1979), before being
appointed as Graduate Assistant at Ahmadu Bello University
in 1979. He then rose through the ranks to become Profes-
sor of Entomology and Insect Taxonomy in 1997, a position
he held until his death in 2015. He taught several courses
at undergraduate and graduate levels in the Department of
Crop Protection and supervised numerous postgraduate stu-
dents. He further served as Head of Department of Crop
Protection (2000-2004), Deputy Dean (2005-2007) and
later Dean of the Faculty of Agriculture (2009-2011). He was
also responsible for the Diptera collection of the Institute for
Agricultural Research Samaru, which is administered through
Ahmadu Bello University (see below). He published over 100
publications on diverse topics in applied entomology, but his
most significant contribution to dipterology was his published
research on Atherigona. In 1989 he published two papers,
one a key to the males of Afrotropical species of the subgenus
Atherigona sensu stricto and included the descriptions of new
species and the other describing new species. He published a
key to males of Nigerian species in 1990 and an identification
key to males of the subgenus Acritochaeta Grimshaw in the
same year. He also published on ultrastructure of the male
trifoliate process in 1992, intraspecific variability in A. lineata
Adams in 1994 and morphometric discrimination between
two populations of A. tomentigera Emden in 1996. He died
tragically in a car accident in northern Nigeria in 2015. Dike
was one of very few practicing Diptera taxonomists in Africa
based outside of South Africa. An order of funeral service was
compiled by Akpa (2015), on which these notes are largely
based. Photograph courtesy O. Banwo.

Botha de Meillon (1902-2000)
(inset) was born in Prieska in the
Northern Cape Province of South
Africa. He attended the University
of Witwatersrand, Johannesburg,
South Africa and was one of the
first to graduate with a BSc (Hon-
ours) degree in 1925. He joined
the South African Institute for
Medical Research, Johannesburg
(SAIMR) in 1926 and obtained an
MSc degree in 1926 and a DSc in
1934, the last for his outstanding
work on the taxonomy of anophe-
line mosquitoes of South Africa. He became head of the De-
partment of Medical Entomology (SAIMR) in 1930, a position
he held until his retirement in 1962. Following his retirement,
he worked for the World Health Organization in Brazzaville,
Congo (now Republic of Congo), on malaria and in Rangoon,
Burma (now Yangon, Myanmar), on filariasis. His last formal
appointment (1965-1973) was to lead the United States
Army Mosquito Project, administered by the Smithsonian
Institution, Washington D.C., US.A. (later to become the
South-East Asia Mosquito Project and then the Walter Reed
Biosystematics Unit). He also undertook several consultan-
cies in South Africa and for the United States Department of
Agriculture, after which he worked mainly from home. His
career spanned 70 years from 1926 to 1996, during which
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time he published 213 journal articles, books and book chap-
ters. During his long career he received numerous awards and
honours and his impact on the scientific discipline of medi-
cal entomology was immense. He is widely regarded as one
of South Africa’s most influential dipterists, producing the
standard taxonomic works on African Anophelinae (Culic-
idae), Simuliidae, Siphonaptera and Ceratopogonidae. Other
groups that received his attention were Culicinae mosquitoes,
sandflies, myiasis-producing flies, ticks, bedbugs, snails and
schistosomiasis. His extensive Diptera collection formed part
of the now defunct SAIMR collection, which was transferred
to the National Institute for Communicable Diseases, Johan-
nesburg, South Africa (see below). An obituary was published
by Coetzee (2001), on which these notes are based. Photo-
graph courtesy M. Coetzee.

David John Greathead (1931-
2006) (inset) was born in Kensing-
ton, London, United Kingdom. His
childhood was divided between the
United Kingdom and South Africa,
where he attended St. Andrew’s
Preparatory School from 1940-
1945. After his return to the United
Kingdom he completed his school-
ing at Merchant Taylors’ School. He
followed his passion for entomology
and graduated from the University
of London’s Imperial College of Sci-
ence and Technology (now Imperial College London, U.K.),
with a BSc in Zoology in June 1953 and was later award-
ed a PhD and a DSc. In 1953 he was recruited by Dr (later
Sir) Boris Uvarov (1886-1970) to work at the Desert Locust
Survey (DLS). During this time he was involved in fieldwork
and research in Ethiopia, Somalia, Kenya and the then Aden
Protectorate (now part of Yemen), rearing numerous Diptera
of different families from damaged locust egg pods and pub-
lishing results. He joined the Commonwealth Agricultural
Bureaux (CAB, now Centre for Agriculture and Biosciences
International) in 1962 to set up their first African base with
the founding of the Commonwealth Institute of Biological
Control (CIBC) East African Station at Kawanda Research
Station in Uganda. From East Africa he moved back to the
United Kingdom in 1973, later becoming Assistant Director
and then Director of the International Institute of Biological
Control (IIBC) (formerly CIBC), retiring from 1IBC in 1991,
but continuing in association with the Centre for Population
Biology, Imperial College, to be actively engaged in bombyliid
taxonomic research up to the time of his death. He was an
expert on biological control of insect pests and weeds and
notably a world authority on the taxonomy of Bombyliidae
(bee flies) and Nemestrinidae (tangled-veined flies), of which
he had an incredible knowledge, publishing extensively on
the Afrotropical fauna. Some of his early insect material was
originally deposited in the Natural Resources Institute, Lon-
don, U.K., which was donated to the Natural History Muse-
um, London, UK. in 1997 (see above). Other portions were
donated up until 2008. A detailed obituary was published
by Murphy & Cock (2007), on which these notes are based.
Photograph courtesy S.K. Gess.
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Albert John Hesse (1895-1987)
(inset) was born in Potchefstroom,
South Africa where he received
part of his schooling (1904-1909).
He studied further at Wellington
(1909-1913) and attended the
South African College School in
Cape Town and graduated from
Boy’s High School, Stellenbosch in
1915. He enrolled at the South Af-
rican College (now the University of
Cape Town) in 1916, continuing his
studies in 1917 at Transvaal Univer-
sity College, Pretoria, majoring in chemistry, zoology and ge-
ology and qualifying with a BSc (Honours) degree in 1918. He
then continued his studies at Edinburgh University, Scotland,
U.K. and in 1922 received a PhD in Zoology and Parasitology.
His field of subsequent study at the School of Tropical Medi-
cine, London, U.K., was helminthology. He took up the post of
field assistant to the Director of the Calcutta Museum, India in
1921 and for a short period in the same year was Honorary As-
sistant Parasitologist at the Zoological Gardens, Regents Park,
London, U.K. On his return to South Africa, he was unsuc-
cessful in securing a position as parasitologist at Onderstepoort
Institute of Veterinary Science (now Onderstepoort Veterinary
Institute), and instead joined the South African Museum (now
Iziko South African Museum) as an entomologist in 1924. His
entomological interests were very broad, ranging from foren-
sic entomology to detailed studies of Hemiptera, Coleoptera,
Hymenoptera and notably Diptera. He undertook field expe-
ditions in the Karoo and Cape Province of South Africa and in
South West Africa (now Namibia). Of his 50 publications, the
most significant are his revisions of southern African Bombyli-
idae (bee flies) and Mydidae (Mydas flies), on both of which he
was recognised as an international authority. He retired from
the South African Museum in 1974, after 51 years of unbroken
service and was awarded a DSc honoris causa by the Univer-
sity of Stellenbosch. An obituary and list of publications was
published by Robertson & Whitehead (1989), on which these
notes are largely based. Photograph © Iziko Museums of Cape
Town.

JasonGilbertHayden Londt(1943-
living) (inset; Fig. 80) was born in
Johannesburg, South Africa and
schooled at Parktown Boys’ High
School, Johannesburg, where he
graduated in 1961. He undertook
his tertiary education at Rhodes
University, Grahamstown, South
Africa, obtaining a BSc (Honours)
degree in 1969, a MSc degree on
the ecology of larval ticks in 1971
and a PhD entitled “Aspects of the
biology of Boophilus decoloratus
(Koch, 1844) (Acarina: Ixodidae)”
in 1974. He took up the post of Senior Professional Officer at
the Onderstepoort Veterinary Research Institute, South Africa,
in 1975, where he continued work on the biology and ecology
of southern African cattle ticks (Ixodidae). A year later in 1976,
he accepted the position of Assistant Director at the Natal
Museum, Pietermaritzburg, South Africa (now KwaZulu-Natal

Museum), where he developed a research interest in the tax-
onomy of Afrotropical robber flies (Asilidae) and Mecoptera.
He was appointed as Director (1994-2003), and was obliged
to consider his research activities as secondary. Despite
this, he continued to conduct research on the taxonomy of
Afrotropical Asilidae and Mecoptera, much of this in his own
time. Following his formal retirement in 2003 he has contin-
ued to research and publish on Afrotropical Asilidae. He has
undertaken extensive fieldwork in South Africa, as well as Cote
d’lvoire, Kenya, Malawi and Namibia and during the course
of his career has developed the largest collection of Afrotropi-
cal Asilidae in world. Among his more major achievements are
revisions of some of the more dominant genera of Afrotropical
Asilidae, including Pegesimallus Loew (1980), Dasophrys Loew
(1981), Neolophonotus Engel (1985-1988) (reputed to be
the most speciose genus of Asilidae in the world), Damalis F.
(1989), Scylaticus Loew (1992), Gonioscelis Schiner (2004),
Rhabdogaster Loew (2006), Ancylorhynchus Berthold (2011)
and Oligopogon Loew (2014). He has published over 150
journal articles and book chapters and is widely regarded as
the world-authority on Afrotropical Asilidae. He is currently
Director Emeritus of the KwaZulu-Natal Museum and an Hon-
orary Research Fellow of the University of KwaZulu-Natal.
Photograph courtesy J.G.H. Londt.

Hugh Kenneth Munro (1894-
1986) (inset) was born in Pretoria,
South Africa, a direct decedent of
the 1820 settler James Hayden,
and graduated from Pretoria Boys’
High School in 1910. Although
he began work with the Transvaal
provincial administration, an early
interest in entomology, focused by
contact with the lepidopterist An-
tonie Johannes Theodorus Janse
(1877-1970), led his transfer in
1912 to the newly created entomo-
logical section, headed by Charles
Pugsley Lounsbury (1872-1955), in the Union Department of
Agriculture. Determined to become a professional entomol-
ogist, shortly after joining the section he matriculated at the
University of South Africa. These studies were interrupted by
two years National Service during WWI, but he completed the
requirements and obtained his BSc degree in 1919. In 1921 he
was appointed as entomologist to East London, where he dealt
primarily with general advisory and phytosanitary work, also
undertaking research on the sheep blowfly problem on which
he later published. In 1925 he was posted back to Pretoria to
take charge of the insect collection (then five cabinets), which
he developed into what is today the National Collection of
Insects (see below). At the same time he became increasingly
active in the collection and rearing of fruit flies (Tephritidae)
and made significant contributions to the systematics of the
group and in 1946 was awarded a DSc degree by the Univer-
sity of Witwatersrand. Munro was an active field collector and
undertook expeditions to various parts of South Africa and par-
ticipated in a number of expeditions in company with the well-
known South African businessman and museum sponsor Ber-
nard Carp (1901-1966). Munro was a leading authority on the
systematics of Tephritidae, who by 1974 had published over
85 publications, of which 65 dealt with Tephritidae, describing
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over 300 species and 37 genera. He retired in 1954 at the age
of 60, but continued with his lifelong work, being re-appointed
on a temporary basis in his former department. A biography
and list of publications was published by Brown (1974), on
which these notes are largely based. Photograph courtesy Na-
tional Collection of Insects (ARC-PPRI).

Brian Roy Stuckenberg (1930-
2009) (inset; Fig. 77) was born in
Walmer in the Eastern Cape, South
Africa and attended Grey High
School in Port Elizabeth, where he
graduated in 1947. It was during
this early period that he developed
a keen interest in natural history,
which was actively encouraged by
John Adams Pringle (1909-2001),
then Director of the Port Elizabeth
Museum and Snake Park (1937-
1953) (now Bayworld) and later the
Natal Museum. He matriculated at
Rhodes University in Grahamstown, South Africa, where he
completed his BSc degree in 1950, his Honours degree in 1951
and his MSc Degree in 1953. His MSc thesis was entitled “Stud-
ies of Paragus (Diptera, Syrphidae)”, for which he was awarded
a distinction. He was appointed as Scientific Officer in Ento-
mology at the Natal Museum (now KwaZulu-Natal Museum) in
1953, where he was to remain his entire professional career. At
the end of his three-year tenure he was appointed to the full-
time staff in December 1956. From the very beginning of his
entomological career he decided to specialise in Diptera, which
he regarded as the most important group of insects. Early in his
career he conducted two expeditions to Madagascar, then vir-
tually unknown dipterologically: the first from December 1955
to January 1956 and the second from November 1957 to April
1958. In 1972, he was awarded a PhD by the University of
Natal for his excellent research on Old World Lauxaniidae. He
went on to become Assistant Director and later Director of the
Museum, which impacted on his dipterological research. After
his official retirement in 1994, however, he continued as Direc-
tor Emeritus and Honorary Research Associate of the Museum.
During this period he eagerly returned to specialist research on
the Diptera and began again to collaborate with entomologists
from around the world. From 1994 to the time of his death he
published a series of superlative papers which dealt principally
with the phylogenetically enigmatic and biologically fascinating
“wormlions” (family Vermileonidae). In a distinguished career
that spanned 56 years, he published over 100 publications, in-
cluding studies of at least 23 families of Diptera. He collected
extensively in South Africa, as well as Angola, Kenya, Lesotho,
Madagascar, Malawi, Mozambique, Namibia, Swaziland, Zim-
babwe, Chile and Argentina. During the 20 years he was Head
of Entomology at the Natal Museum, he emerged as Africa’s
leading dipterist, building one of the largest collections of Afro-
tropical flies in the world. He actively encouraged the study
of this collection by specialist researchers and the number of
scientific publications that resulted laid the foundations of mod-
ern African dipterology as we know it today. As a mark of the
respect in which he was held by his peers, over 100 species and
five genera of Diptera were named in his honour, together with
taxa in at least 11 other insect orders (Coleoptera, Dermaptera,
Heteroptera, Hymenoptera, fossil Grylloblattida, Lepidoptera,
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Neuroptera, Odonata, Plecoptera, Psocoptera and Strep-
siptera) and four other classes of invertebrates (Malacostraca,
Oligochaeta, fossil Ophiuroidea and Tardigrada). A detailed bi-
ography and list of publications was published by Kirk-Spriggs
(2012), on which these notes are based. Photograph courtesy
of the late P Stuckenberg.

Fritz Konrad Ernst Zumpt (1908—
1985) (inset) was born in Germa-
ny and completed his schooling in
1927. He attended the Humboldt
University, Berlin, Germany, where
he received a PhD degree Magna
cum laude in 1931. He joined the
staff of the Tropical Institute, Ham-
burg, Germany in 1934, first as
- - assistant and later as Head of the
idbibi o Sl Department of Applied Biology. At

gich .Wi‘i. ::  this time he decided to concentrate
on medical entomology and he un-
dertook several trips to both East and West Africa and became
an expert on tsetse, in 1936 publishing a book on their char-
acteristics, life histories and control. He also worked on ticks,
mites, bedbugs and various groups of medically significant
Diptera. During WWII he was called up to the German Army,
serving as a non-combatant, attached to the public health divi-
sion, being responsible for control of insect-borne diseases. In
1948 he joined the staff of the South African Institute of Med-
ical Research, Johannesburg, South Africa. He immediately set
to work with the energy that characterised his 32 years in the
department. He researched ticks, tsetse and trypanosomiasis in
the former Zululand (now KwaZulu-Natal) and Mozambique
and carried out experimental work on flies thought to be in-
volved in the epidemiology of poliomyelitis. He undertook
extensive fieldwork throughout South Africa and neighbouring
countries. He sampled vast quantities of arthropod parasites
and studies of these resulted in the publication of three vol-
umes of “Arthropod parasites and vertebrates in Africa south
of the Sahara”, which he edited. Zumpt became the Head of
Department of Medical Entomology in 1962 and was awarded
a DSc by the University of Witwatersrand, mainly for his en-
during book “Myiasis in man and animals in the Old World”,
but also for his other publications. Up until his retirement in
1980 he published 15 books and 321 scientific papers, making
him one of the most prolific natural scientists in Africa. He was
a highly respected scientist with an international reputation in
the field of higher Diptera and was sought after by scientists
throughout the world. His extensive collection of Diptera, ini-
tially housed in the South African Institute of Medical Research
in Johannesburg, was formally transferred to the KwaZulu-
Natal Museum in the 1980s. A detailed obituary and list of his
books was published by Anonymous (1986), on which these
notes are largely based. Photograph courtesy M. Coetzee.

Diptera collection resources in the
Afrotropical Region

Insect collections and insect identification services are intrinsi-
cally linked and the ability of a country, especially a developing
African country, to provide a critical identification service is highly
dependent on the availability and proximity of a well-identified,
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staffed and maintained insect collection (see Miller & Rogo 2001
for overview). This is especially true for the Diptera, as the order
is highly significant in terms of disease vectors, agricultural pests,
forensics, etc. This fact has led to the publication of a number of
important papers that have reviewed the current status of collec-
tion resources in various regions of Africa.

Published reviews for South African entomological research
and collections are numerous and include Janse (1940, 1945,
1947), Lounsbury (1940), Smit (1960), Koch (1962), Stucken-
berg (1964), Jacot-Guillarmod (1969), Coaton (1974), Holm
(1975), Scholtz (1999), Coetzee (1999), Materu (1981) and
Giliomee (2013). South Africa has developed a “Strategy for
zoological taxonomy (2013-2020)" (Hamer 2013), which is
attempting to address some of the problem noted. Reviews on
the same themes for other African countries and for Africa as
a whole have been published by Akingbohungbe et al. (1981),
Dudley (1981), Kumar (1981), Miller & Rogo (2001), Ritchie
(1987) and Sands (1981).

The following section provides an overview of the major
collections of Diptera housed in the Afrotropics as defined in
this Manual, based on information requested from collection
curators. Collections in North Africa are not included. In some
cases, especially for collections housed in Angola, Malawi and
Uganda, no responses were received from curators and infor-
mation on these collection resources is summarised below.
The status of some developing country collections remains un-
certain and some at least have suffered from neglect or may
have been destroyed altogether.

West Africa

Benin

International Institute of Tropical Agriculture, Cotonou

The Diptera collection of the International Institute of Tropi-
cal Agriculture, Benin (IITA) forms part of the largest collection
of insects in West Africa, with more than 350,000 specimens.
The collection includes ca 10,000 Diptera, mainly Tephrit-
idae (ca 3,000 specimens), Syrphidae (ca 1,500) and Asilidae
(1,000), with other families making up the remainder. About
400 Diptera are currently identified to species level and 106
to genus level. An estimated 70% of the Diptera collection re-
quires curation beyond family level. Material in the collection
originates mainly from Benin, Nigeria and Togo. All specimens
are pinned and are preserved in 1,400 drawers in Cornell steel
cabinets in a permanently air conditioned facility (Figs 94, 95)
(G. Goergen, pers. comm. 2015).

The collection was established in the mid-1990s, with initial
collection efforts resulting from research carried out as part of
an Africa-wide biological control project against the Cassava
mealybug, Phenacoccus manihoti Matile-Ferrero (Pseudo-
coccidae), for which insects associated with this pest were
thoroughly studied. This resulted in the determination of ca
300 species and 1,000 specimens, including some Diptera, of
which a cecidomyiid predacious on mealybugs was identified
as new to science (Harris 1981). Identification work was al-
most exclusively reliant on the assistance of various specialists

Figs 1.77-85. Dipterists employed at the KwaZulu-Natal Museum, South Africa (1953-2016): (77) Brian Roy Stuckenberg
(1930-2009) (employed 1953-1994); (78) Michael Edward Irwin (1940-living) (1971-1974); (79) Raymond Martin Miller
(1941-living) (1976-1978); (80) Jason Gilbert Hayden Londt (1943-living) (1978-2003); (81) David Andrew Barraclough
(1958-living) (1982-1985; 1990-2002); (82) Andrew Eric Whittington (1963-living) (1990-1993); (83) Gregory Bernard Peter
Davies (1979-living) (2003-2009); (84) Mikhail Borissovich Mostovski (1969-living) (2003—-2014); (85) Burgert Smith Muller
(1983-living) (2008-2016). Figs 77-85 (photographs courtesy KwaZulu-Natal Museum).
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from established centres of excellence in overseas institutions.
To preserve this scientific asset, this material was eventually
merged with insect collections resulting from pest manage-
ment activities on other crops at lITA's headquarters in Nigeria,
to establish a reference collection at Cotonou Station, Benin.
Intensive inventory activities began in the mid-1990s within
the framework of a biodiversity research project funded by the
Austrian Ministry of Foreign Affairs in successive phases until
2008, with some support from the Swiss Agency for Devel-
opment and Cooperation over a 12-month period. Since that
time, the collection has benefited from [ITA’s core funding to
cover the salary of a collection technician and associated costs
for the physical preservation and storage of the collection. The
collection has been built with acquisitions of 10,000-15,000
specimens per year over the past two decades, and aside
from 1,200 core specimens, has been entirely built by Georg
Goergen (1959-living) who supplied the information included
here). Today it constitutes the basis for the regional identifica-
tion service provided by IITA.

Numerous Diptera specimens were determined by J.C.
Deeming (see biography above), mainly while in charge of
the insect collections of the Institute for Agricultural Research
Samaru (see below). Frugivorous Tephritidae were identi-
fied by Marc De Meyer (1960-living) (Fig. 91) (data availa-
ble at: http://projects.bebif.be/fruitfly/index.html) and non-
frugivorous Tephritidae by Amnon Freidberg (1945-living).
More recently, K.A.M. Jordaens has applied molecular tech-
niques to investigate the syrphid holdings previously sorted by
M. De Meyer (Jordaens et al. 2015).

Coéte d’Ilvoire

Centre National de Recherche Agronomique (CNRA),
Adiopodoumé

The Insect collection of Centre National de Recherche
Agronomique (CNRA) was inherited from the former Of-
fice de la Recherche Scientifique et Technique d’Outre-mer
(ORSTOM) (now Llnstitut de recherche pour le développe-
ment, France (IRD), after being abandoned since 1990. The
collection was in a state of neglect when donated and staff of
the institution have taken steps to improve storage and conser-
vation of the collection. The collection is significant for insect
systematics locally and internationally and includes material
sampled by students of the Ecole Normal Supérieure, Paris,
who conducted field research near Toumodi, under the direc-
tion of Professor Lamotte and other specimens in the collec-
tion originate from Lamto, Abengourou and the Banco Forest
Reserve in Abidjan, etc.

The collection is especially rich in Hemiptera (23,508 speci-
mens), Coleoptera (17,305), Lepidoptera (6,645) and Orthop-
tera (3,825). The Diptera component comprises 1,826 speci-
mens of 11 families with 20 identified genera and 26 identified
species. This was probably largely built through investigations
of agricultural problems, but no further information is currently
available on collectors who contributed to development of the
collection. The entire collection is pinned and stored in 18
store boxes. Most of the labels are handwritten either in ball-
point pen or pencil. Steps are currently underway to conserve
and digitise the collection (Koffi & Kouassi 2003).
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Nigeria

Institute for Agricultural Research Samaru (Ahmadu Bello
University, Zaria)

The insect collection began with a very small reference col-
lection at the Regional Research Station, Samaru, which was
established by Mac A. Choyce (1920-1995) and Michael
Gordon Emsley (1930-living), who were both cotton ento-
mologists, and up until the early 1960s was housed in a very
small room and was curated by Ross Wilson. The collection
was developed during this period by William R. Reed, Peter
H. Giles, Roy Booker and Keith Murray Harris (1932-living).
Harry Caswell (1911-ca 1990), who set up the insect collec-
tion at Ibadan University (see below), did the same when he
took up the post at Samaru, gathering material together and or-
dering J.J. Hill cabinets with cork strips and naphthalene slots.
Upon the establishment of the Ahmadu Bello University the
collection was incorporated into the institution, although con-
tact with the Ministry of Agriculture remained strong. Material
in the collection is Nigerian in origin, although some material
resulting from identifications given to other African countries
have been incorporated. Major dipterists who subsequently
curated and added to the collection are K.M. Harris (employed
1955-1962), J.C. Deeming (employed 1966-1979) (see biog-
raphy above) and M.C. Dike (employed 1979-2014) (see bi-
ography above). The collection was curated by Matthew Chori
between 1979 and 2005.

The precise size of the Diptera collection is unknown, but
certainly amounts to many thousands of specimens and benefit-
ed immensely from J.C. Deeming’s collection development and
curatorial input. The main collection is dry-pinned and is stored
in glass-topped drawers in Hill cabinets, with a smaller spirit and
slide collection. About 80% of the Diptera collection is identi-
fied at least to genus level, with ca 4,000 species in the collec-
tion, that were considered when drafting the Insects of Nigeria:
checklist and bibliography by Medler (1980). The collection has
not been digitised and is currently without a Curator.

Part of the small collection at the substation of Mokwa (on
the River Niger), housed in identical cabinets, was transferred
to Samaru by the termite entomologist R.A. Johnson. Some du-
plicate specimens from the Samaru collection are now housed
in the National Museum of Wales, Cardiff, U.K., including some
unidentified Chloropidae which have now been worked up.

Department of Plant Science, Obafemi Awolowo University,
lle Ife

The small Diptera collection housed at Obafemi Awolowo
University comprises ca 1,400 specimens, of which 114 (ca
8.3%) have been identified to genus level and 74 (ca 5.3%)
to species. Forty-six families of Diptera are represented in the
collection (A. Akingbohungbe, pers. comm. 2015). The collec-
tion is mostly dry-pinned and stored in wooden cabinets with
glass-topped drawers.

The collection forms part of a larger insect collection housed
in the Department of Crop Production and Protection (for-
merly Department of Plant Science) at the University. This was
originally a foundation collection of insect pests of crops that
was instigated by John L. Libby (1919-1979) of the University
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of Wisconsin-Madison between 1966 and 1968, while on a
USAID contract based at the University. This collection formed
the basis of his publication Insect pests of Nigerian crops (Lib-
by 1968). Subsequently, he was succeeded on another USAID
contract by John Thomas Medler (1914-2006), of the same
university, who widened the scope of the collection substan-
tially to include all insects. Medler undertook numerous field
trips to various parts of Nigeria in order to build the collection.
The collection was also developed by other university staff and
through students, as part of the requirement for the introduc-
tory entomology course. Professor Medler made spirited ef-
forts to get insects in the collection identified, by sending spec-
imens out to various recognised authorities on various groups
for assistance with identifications. This formed part of his larger
USAID-sponsored project, which he eventually published in
1980, entitled Insects of Nigeria: checklist and bibliography
(Medler 1980). This remains one of very few checklists availa-
ble for African insects (Miller & Rogo 2001).

Department of Crop Protection and Environmental Biology,
University of Ibadan

The insect collection of the Department of Crop Protection
and Environmental Biology, University of Ibadan, was estab-
lished by H. Caswell in ca 1948. The collection was devel-
oped through fieldwork by previous and current staff, notably
John Bowden (1924-2012), H. Caswell, Albert Ukuaghegbele
Obotie (1927-2015), J.A.S. Ojo and Obi Okoto (between the
years 1957-1974) and originates exclusively from Nigeria. The
collection is especially rich in Lepidoptera, Hymenoptera and
Coleoptera, but includes 328 specimens of Diptera. The best
represented families of Diptera in the collection are: Tachin-
idae (61 specimens), Muscidae (21), Syrphidae (20), Asilidae
(20), Culicidae (19), Tabanidae (18), Stratiomyidae (16), Teph-
ritidae (16), Ephydridae (14), Calliphoridae (13), Platystomat-
idae (12) and Glossinidae (10), but material of 23 other Dip-
tera families are represented in the collection. Through collab-
oration between departmental staff and the British Museum

Figs 1.86-93. Portraits of dipterists: (86) Victor Gurner Logan van Someren (1896-1976), curator of the Coryndon Museum
(1930-1940) on safari in 1970; (87) René Michel du Toit (1904-1988), pioneer in Culicoides research; (88) Fritz Gaerdes
(1892-1975), amateur collector who was based at Okahandja, Namibia; (89) Per Forchhammer (1921-2001), amateur col-
lector who was based at Serowe, Botswana; (90) Robert Stephen Copeland (1945-living), Tephritidae expert based in Kenya;
(91) Marc De Meyer (1960-living), Pipunculidae and Tephritidae expert based in Belgium; (92) Serge Quilici (1955-2015),
Tephritidae expert who was based in La Réunion; (93) Nzigidahera Benoit (1964-living), based in Burundi. Fig. 86 (Someren
1988, fig. 3), Figs 87 (http://www.s2a3.org.za), Fig. 88 (http://www.namibiana.de), Fig. 89 (courtesy A.B.C. Niemann), Fig. 90
(https://www.flickr.com), Fig. 91 (http://planthealth.sggw.pl), Fig. 92 (http://umr-pvbmt.cirad.fr), Fig. 93 (http://enb.iisd.org).
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(Natural History) (now the Natural History Museum, London,
U.K.), the level of identification is very high, with ca 99% of the
collection identified to genus level and ca 85% to species. The
collection was used by John Thomas Medler (1914-2006) in
preparation of his Insects of Nigeria: checklist and bibliography
(Medler 1980).

Specimens are pinned and stored in glass-topped drawers
in wooden cabinets (Figs 113, 114). Previous Diptera curators
were H. Caswell (employed 1951-1954) and A.U. Oboite
(employed 1954-1987). The collection has not been digitised,
but according to Medler (1980), an internal report on the col-
lection was compiled by H.J. Sutton in 1964 and a list of gen-
era and species of Diptera in the collection is available (A.A.
Omoloye, pers. comm. 2017).

Senegal

Institut Fondamental d’Afrique Noire (IFAN), Dakar

The insect collection of Institut Fondamental d’Afrique
Noire, Dakar is one of the two most significant collections
of Diptera housed in and representing West Africa and was
established in 1936, at the inception of IFAN. The collection
was developed through fieldwork by successive staff and their
collaborators, throughout West Africa, with a small part of the
collection originating from exchanges and donations. Speci-
mens in the collection mainly originate from West African
countries, including Benin, Burkina Faso, Cote d’lvoire, Guin-
ea, Mali, Mauritania, Niger and Senegal. Former dipteran cura-
tors were A. Villiers (employed 1945-1956), Michel Condamin
(employed 1950-1973; 1978-1988), Roger Roy (1929-living)
(employed 1958-1992), Bernadette Soltani (employed 1988),
Aissatou Dramé (1958-living) (employed 1988-1991) and Sun
Heat Han (employed 1992-1996).

The Diptera collection amounts to ca 4,000 specimens, rep-
resenting 3% of the collection as a whole, with the best repre-
sented families in terms of the number of specimens, being the
Diopsidae, Muscidae, Tabanidae, Glossinidae and Calliphor-
idae and in terms of the number of species the Tabanidae,
Muscidae, Calliphoridae, Bombyliidae, Syrphidae, Diopsidae,
Culicidae, Chironomidae, Tephritidae, Asilidae, Stratiomyidae,
Glossinidae and Tachinidae. Specimens in the collection are all
identified to genus level, with only 8% not identified to species
level. The specimens are dry-pinned and housed in store box-
es (Fig. 96). Digitisation of the entire collection of the laborato-
ry was initiated in the 1990s and is now complete.

Central Africa

Angola

The 27 years of the Angolan Civil War (1975-2002) and asso-
ciated military interference, coupled with financial constraints,
staff shortages and lack of in-country expertise, have impacted
negatively on entomological collections developed during the
Portuguese colonial period (usually regarded as 1484-1975)
and housed in the country. There was formerly a small insect
collection housed in Museu Nacional de Histéria Natural de
Angola, but the collection no longer exists and the Musée Ré-
gional de Dundo collection has been closed to the public and to
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the scientific community since 2005. No further information on
the Diptera holdings of these two institutions is currently avail-
able. It is to be hoped that these can be properly assessed and
digitised in the future as part of an initiative, funded through the
Clobal Biodiversity Information Facility (see below).

Instituto de Investigacdo Agronémica, Huambo (IIA)

The Agronomic Research Institute in Huambo, Angola,
houses two important collections, dating from the Portuguese
colonial period (pre-1975), that remain largely unknown: (1)
the herbarium, comprising ca 60,000 specimens, and proba-
bly includes isotypes of holotypes destroyed during German
bombing in Belgium during WWII; and (2) the insect collec-
tion, with ca 65,000 specimens, which was initially developed
for agricultural purposes, with representation of pests and pol-
linators, but developed into a general entomology collection.
The order Diptera is represented by ca 3,000 specimens, most
of which are identified to family level and the following fami-
lies are represented: Agromyzidae, Asilidae, Chloropidae, Dol-
ichopodidae, Drosophilidae, Empididae, Ephydridae, Micro-
pezidae, Milichiidae, Sepsidae, Stratiomyidae, Syrphidae,
Tabanidae and Tephritidae (S. Fernandes, pers. comm. 2017).
The collections survived the Angolan Civil War, during which
time the herbarium was moved to Luanda and the insects
were kept safe from the constant military intrusion and bomb-
ing, thanks to the former Curatorial Assistant, Francisco Elias
(1951-living), now retired. Since July 2016, both collections
are being organised, identified (whenever possible), digitised
and prepared for publishing in order to restore their role and
relevance to the scientific community. This has been possible
through a Biodiversity for Development (BID) National Grant
awarded to SASSCAL (Southern African Science Service Centre
for Climate Change and Adaptive Land Management), Angola
by the Clobal Biodiversity Information Facility (GBIF), who are
coordinating a project named “Strengthening the institution-
al network in Angola to mobilise biodiversity data”. The main
goals of the project are the capacity building of institutional
personnel on digitising, publishing and managing biodiversity
data and the publication of this and other national collections
through GBIF (D. Elizalde, pers. comm. 2017).

Burundi

Office Burundais pour la Protection de I’Environnement
(OBPE) (ex Institut National pour I’Environnement et la
Conservation de la Nature), Bujumbura

This small collection was established in 2009, originally
through projects financed by the Royal Belgian Institute of
Natural Sciences, under a memorandum of understanding
with the OBPE. The collection has subsequently developed
through on-going pollination projects and fruit fly monitoring
programmes.

The Diptera collection comprises ca 46,000 specimens, orig-
inating exclusively from Burundi. The best represented families
are the Syrphidae, Tephritidae and Chironomidae, with ca 30%
identified to genus level (Syrphidae: 60%; Chironomidae: 60%;
Tephritidae: 100%). The main collectors who have contributed
to the collection are M. De Meyer (Fig. 91), R.S. Copeland (Fig.
90) and Nzigidahera Benoit (1964-living) (Fig. 93). Part of the
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collection is pinned and stored in locally made storage boxes
and part is preserved in ethanol. There has not been a dedicat-
ed curator of Diptera and the collection has not been digitised.

Malawi

Malawi houses several historical collections of Diptera, but
obtaining recent information on their status has proved diffi-
cult, with most contacted institutions not responding. Dudley
(1981) published a report on the status of insect collections
in the country at that time and identified four institutions in
Malawi that potentially have insect collections of note.

Bvumbwe Experimental Station, Limbe

The Diptera collection of the Bvumbwe Experimental Sta-
tion comprises 1,880 specimens, representing 476 species;
the majority of which were identified by staff of the British
Museum (Natural History) (now the Natural History Museum,
London, U.K.) and the Commonwealth Institute of Entomol-
ogy, London, U.K. Forty-five families of Diptera are represent-
ed in the collection, with the Asilidae, Bombyliidae, Culicidae,
Tabanidae and Tachinidae, being best represented.

About 90% of the collection has full label information and
from the specimen labels the majority were generated by five
collectors: W. Lamborn (collected 1922-1933), C. Mason
(1914-1915), C. Smee (1921-1946), R.C.H. Sweeney (1957-
1965) and J. Whelland (1967-1973). Lamborn was a specialist
on vector insects and was probably not employed specifically
at Bvumbwe and since ). Whelland’s departure in 1973 only
40 specimens have been added to the collection.

The collection is pinned and stored in eight glass-topped in-
sect drawers, with additional material in six store boxes. Parts
of the collection have suffered from serious insect infestations
in the past and many of the specimens have been damaged as
a result (ca 15-20%). The collection is poorly maintained, has
not been digitised and there is currently no curator responsible
for the collection (C. Dudley, pers. com. 2017).

Chichiri Museum, Blantyre (Museum of Malawi, Nyasaland
Museum)

Dudley (1981) noted that the collection comprises ca 3,000
specimens in total, mostly Lepidoptera and Odonata, but in-
cludes a small collection of biting flies donated by R. Wood.
No further information is available of the collection and the
status remains unknown.

Department of Biological Sciences, Chancellor College,
University of Malawi, Zomba

Dudley (1981) stated that the Chancellor College insect col-
lection was begun in 1968 by G. Shulten. The collection was
subsequently developed through donations from the geneticist
Hans Reiner Feijen (1946-living), resulting from research on
rice pests. Unfortunately, almost all this material was removed
by two former members of staff when they returned to the
Netherlands. The insect collection was since developed by
Cornel O. Dudley during the first 12 years he was employed in
the Biology Department (1972-1984). He continued to devel-

op the collection after re-joining the Department in 1997 until
2004, during which time he attempted to return the collection
to some sort of professional stature. The collection comprises
ca 18,000 specimens, representing some 4,000 species. Col-
lection strengths are Coleoptera, Hemiptera, Lepidoptera and
Orthoptera. The holdings of Diptera are not currently known.
The greater part of the collection (95%) comprises dry-pinned
specimens stored in glass-topped insect drawers in wooden
cabinets. The remaining 5% is stored in ethanol. Only some
700 species are identified in the collection.

Forestry Research Institute of Malawi (FRIM), Zomba

This small collection was established during the colonial era
and largely represents insects related to forestry research in
Malawi. Dudley (1981) noted that the collection comprises ca
9,000 specimens, representing 2,000 insects identified to spe-
cies or at least to genus level, with the orders Coleoptera and
Lepidoptera making up 75% of the named material. The Dip-
tera component is small, representing 270 specimens of nine
families (Bombyliidae, Calliphoridae, Cecidomyiidae, Diop-
sidae, Muscidae, Phoridae, Platystomatidae, Sarcophagidae
and Tachinidae). The Tachinidae is the best represented family
in the collection; many of which have been reared and have as-
sociated puparia. The specimens are fully labelled and material
in the collection was largely collected by N.P. Dumbo, R.F. Lee
and R.C.H. Sweeney and ca 95% of the collection is identified
to species or genus level, some by specialists. The collection is
housed in store boxes (Fig. 99) and is regularly maintained to
prevent pest infestations. The collection has not been digitised.

East Africa

Kenya

National Museums of Kenya, Nairobi (Coryndon Museum)

The National Museum of Kenya houses the largest collection
of Diptera in East Africa, comprising ca 250,000 specimens, with
the earliest specimens in the insect collection dating back to
1888. The Diptera families Tephritidae (ca 13,000 specimens),
Agromyzidae, Culicidae, Syrphidae, Bombyliidae and Taba-
nidae are best represented. The Museum also has the largest
collection of the endemic family Mormotomyiidae. Most speci-
mens in the collection originate from Kenya and Uganda and the
collection also incorporates material of the former Amani Hill
Research Station, Tanzania (now Amani Research Centre). The
majority of specimens are pinned, with some slide-mounted
and spirit preserved specimens. The pinned specimens are pre-
served in glass-topped insect drawers in a series of J.J. Hill cabi-
nets (Figs 107, 108) (L. Njoroge, pers. comm. 2015).

The Museum was established in 1910 by the East Africa
and Uganda Natural History Society; the Society’s main goal
being to conduct an ongoing critical scientific examination of
the natural attributes of the East African habitat. The first paid
curator, the herpetologist Arthur Loveridge (1891-1980) was
employed in 1914 and served until ca 1918. He was then re-
placed by the first part-time entomological curator Alfred Fran-
cis John Gedye (1899-1963). The museum later became the
official Coryndon Museum in 1930 (named after Sir Robert
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Thorne Coryndon (1870-1925), former Governor of British
East Africa and patron of the Society) with Victor Gurner Logan
van Someren (1896-1976) (Fig. 86) serving as its first official
Curator from 1930-1940. After his resignation in 1940 he was
replaced by Louis Seymour Bazett Leakey (1903-1972). Fol-
lowing Kenyan independence in 1963 the Coryndon Museum
officially became the National Museums of Kenya.

The Annual Report of the East Africa and Uganda Natural
History Society for the year 1937 (Someren 1938), indicates
that the entomological collections were being actively built at
that time and it was noted (p. 194) that “Outstanding contri-
butions were made by Messrs. MacArthur, R.E. Toker, Blom-
Bjorner, Allen Turner, A.L.H. Townsend, A.FJ). Gedye, G. van
Someren, the Department of Agriculture, Kampala, and the Cu-
rator”. During that period material was also being identified by
overseas specialists and it is noted in the same report (p. 194)
“Sir Guy Marshall of the Imperial Institute of Entomology, and
members of the Division of Entomology, British Museum, ren-
dered, as hitherto, invaluable service in the determination of
many thousands of insects submitted to them”. During the
1930s van Someren built an extensive collection of Tephritidae
by sampling indigenous fruits at different localities in Kenya and
the rearing of associated flies. That material is still housed in the

T
(T
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Museum and several new species were described by the emi-
nent South African dipterists H.K. Munro (see biography above)
(Munro 1938). Populations of the endemic Kenyan family Mor-
motomyiidae were rediscovered at the type locality (modern
spelling Ukasi Hill) in December 1948 by V.G.L. van Someren
and his son Gurner Robert Cunningham-van Someren (1914—
1997) and the collection houses this extensive material (some
of which was also distributed to North American and European
museums as examples) (Copeland et al. 2011; Emden 1950).
During the 1960s and 1970s, Robert Herbert Carcasson (1918-
1982) and Michael Peter Clifton (1941-living) sent large num-
bers of Diptera to the Natural History Museum, London, U.K.
(then the British Museum (Natural History)) for identification by
Kenneth George Valentine Smith (1929-living). This means that
ca 99% of the Diptera in the collection is identified at least to
genus level (L. Njoroge, pers. comm. 2015).

Subsequently, the Diptera collection has been built through
similar initiatives on the rearing of Tephritidae by R.S. Copeland
(Fig. 90) in the 1990s (in collaboration with the International
Centre for Insect Physiology and Ecology, Nairobi), by Ellinor
Catherine Cunningham-van Someren (1916-?), who worked
chiefly on mosquitoes, by M. De Meyer (Fig. 91) during the pe-
riod 1992-1997, who focused on development of the Syrphidae

Figs 1.94-96. Examples of Diptera collection facilities in West Africa: (94) collection room of International Institute of Tropical
Agriculture, Cotonou, Benin; (95) same, curation of Asilidae collection; (96) collection room of Institut Fondamental d’Afrique
Noire, Dakar, Senegal. Figs 94, 95 (photographs courtesy G. Goergen), Fig. 96 (photograph courtesy A.A. Niang).
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collection (M. De Meyer, pers. comm. 2015). More recent con-
tributions to the collection have been made by the current head
of the Invertebrate Zoology Section, Laban Njoroge (1974-
living) (who is working on Culicidae) (Fig. 108) and the German
BIOTA and Taita Hills Biodiversity Projects, which have contrib-
uted a substantial amount of spirit material, some of which is
being distributed to interested researchers for identification and
descriptive purposes (B. Bytebier, pers. comm. 2015).

International Centre for Insect Physiology and Ecology, Nairobi

The Diptera collection of the International Centre for Insect
Physiology and Ecology, Nairobi comprises ca 15,000-20,000
specimens. The Tephritidae is the best represented family by
far (ca 9,000 specimens), with reasonable holdings of the fami-
lies Asilidae (2,200), Diopsidae (750) and Micropezidae (500).
Virtually all specimens in the collection originate from Kenya
and ca 70% of the collection is identified at least to genus level.
Most specimens are pinned and are stored in wooden cabinets
with glass-topped drawers or in store boxes (R.S. Copeland,
pers. comm. 2015).

The Diptera collection was established in the 1980s and was
built mostly through staff fieldwork. The major donor is R.S.
Copeland (Fig. 90), who has built the Tephritidae collection
through rearing programmes from indigenous fruits. The col-
lection has never had a dedicated Diptera curator and has not
been digitised (R.S. Copeland, pers. comm. 2015).

Division of Vector borne Diseases, Nairobi (Kenya Medical
Department)

Ellinor Catherine Cunningham-van Someren’s collection of
mosquitoes was housed in the Department for many years,
but part of the collection has now been transferred for safe
custody to the National Museums of Kenya (L. Njoroge, pers.
comm. 2015).

Kenya Agricultural and Livestock Research Organization,
Nairobi (Kenya Agriculture Research Institute)

The Kenya Agricultural and Livestock Research Organization
collection was established in the early 1900s, with the earli-
est record dating from 1913. The collection mainly comprises
species of agricultural significance and was established through
field sampling and through farmers’ requests (enquiries). The
collection originates exclusively from Kenya. The Diptera col-
lection is small, comprising ca 240 species, with the best rep-
resented families being the Tachinidae (39 specimens), Teph-
ritidae (26), Muscidae (31), Anthomyiidae (14), Asilidae (15),
Simuliidae (19) and Syrphidae (19). The collection is pinned
in store boxes, with some slide-mounted and spirit preserved
material. About 90% of the collection is identified to species
level. There have not been any formal Diptera curators and the
collection has not been digitised.

Uganda

Uganda houses some important historical collections of Dip-
tera, but obtaining recent information on their status has proved
difficult, with most contacted institutions not responding. Scott
E. Miller (National Museum of Natural History, Washington
D.C, US.A), produced a brief unpublished report for the
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EAFRINET survey of collections, based on his visits to collec-
tions in the Kampala area in the late 1990s. Miller identified six
institutions in Uganda that potentially have insect collections
of note. The Uganda National Museum, Kampala, purportedly
only has a small collection in poor condition, which is not as-
sociated with research activities and this institution is not listed
below (S.E. Miller, pers. comm. 2016).

Vector Control Division, Department of Entomology, Ministry
of Agriculture, Animal Industry and Fisheries, Entebbe
(formerly Tsetse Control Department)

The collection of Vector Control Division was established in
the 1970s and continues to be built through survey work by
district entomologists. The collection comprises over 100,000
specimens of biting flies, specifically Glossinidae, Chrysops
Meigen and Haematopota Meigen (Tabanidae) and Stomoxys
Geoffroy (Muscidae), some dating from the early 1900s (J. Mu-
guwa, pers. comm. 2017). Specimens in the collection origi-
nate exclusively from Uganda and over 90% are identified at
least to genus level. All specimens are pinned and are kept in
wooden store boxes (Fig. 116). The building which formally
served as a museum was taken over for other purposes and
the collection is now stored in different offices within the de-
partment. The collection has not been digitised and there is
currently no curator (A. Masabagidudu, pers. comm. 2017).

Uganda Virus Research Institute (UVRI), Entebbe

The institute may have a collection of Culicidae and other
biting arthropods from intensive surveys undertaken at Zika
Forest, as well as country-wide surveys (S. Miller, pers. comm.
2016), but no response was received to enquiries and the sta-
tus of the collection (if it does exist) remains unknown.

Department of Zoology, Entomology & Fisheries Science,
Makerere University

The insect collection mainly comprises Orthoptera and Lep-
idoptera, but there are ca 20 drawers of miscellaneous insects
(S.E. Miller, pers. comm. 2016). It is not clear whether Diptera
are represented in the collection, no response was received to
enquiries and the status of the collection remains unknown.

College of Agricultural and Environmental Sciences, Makerere
University, Department of Crop Science

The collection apparently comprises three main compo-
nents: a collection of crop pests (some organised by crop),
evidently curated by D.S. Hill (ca 1968), but including older
specimens, which is stored in 40 small drawers; a general col-
lection of insects, housed in ca 50 Schmidt-type boxes and
assorted alcohol vials and slide-mounted specimens (the slides
mostly used for teaching) (S.E. Miller, pers. comm. 2016). It is
not clear whether Diptera are represented in the collection,
no response was received to enquiries and the status of the
collection remains unknown.

Kawanda Agricultural Research Station, Kampala

In 1962, D.). Greathead founded the Commonwealth Insti-
tute of Biological Control (CIBC) East African Station at Kawanda
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Research Station in Uganda. It apparently includes an impres-
sive collection of some 900 small drawers (ca 45 cabinets, av-
eraging 20 drawers each), plus additional material stored in
Schmidt-type boxes. The collection includes specimens from
the following historical entomologists: G.C. Gowdy (1910s),
G.D.H. Carpenter (1920s), G.L.R. Hancock (1920s), H. Har-
greaves (1930s), T.H.C. Taylor (1930s) and D.). Greathead
(1960s). The insect collection shares a tightly packed room
(open ventilation) with a small herbarium (S. Miller, pers.
comm. 2016). No response was received to enquiries and the
status of the collection remains unknown.

Indian Ocean Islands

Madagascar

Botany and Zoologique Parc of Tsimbazaza, Antananarivo

The insect collection, housed in the Parc Botanique et Zool-
igique de Tsimbazaza (attached to the Fauna Department of
the Entomology Division), is the largest collection of insects
in Madagascar. It was established in 1952, during the French
colonial period, being the former collection of I'Institut Scien-
tifique de Madagascar. The collection was largely developed
and curated by the French dipterist R. Paulian and the majority
of specimens in the collection were collected by Paulian him-
self (dating from 1951 to 1957), with some specimens donated
by B.R. Stuckenberg (dated 1957), R.R. Miller (1954), John F.
Lamberton (1946) and others.

The Diptera collection is small, comprising ca 1,227 speci-
mens, but is highly significant historically and is usually over-
looked by researchers. Much of Paulian’s Diptera material is
deposited in the Paris Museum, but this collection represents
an important additional source of specimens. Material origi-
nates exclusively from Madagascar and ca 80% of the collec-
tion is identified at least to genus level. Thirty fly families are
represented and the collection appears to have been widely
used by researchers, including material identified (in the 1950s)
by various leading dipterists, namely: Charles Paul Alexander
(1889-1981), Pieter Hendrick van Doesburg (1892-1971),
Fritz Isidore van Emden (1898-1958), Paul Freeman (1916—
2010), Dilbert ElImo Hardy (1914-2002), [Emil Hans] Willi
Hennig (1913-1976), Salvador Vicente Peris [Torres] (1922—
2007), H.K. Munro, H. Oldroyd and Paul [J.M.] Vanshuytbroe-
ck (1912-2), and at least in the case of the Limoniidae includes
numerous types. The collection is pinned and is stored in a 25
glass-topped drawers in a wooden cabinet (Figs 105, 106). The
collection is well maintained and is currently being digitised (V.
Andriamananony & R. Harin’Hala, pers comms 2017).

La Réunion

Unité Mixte de Recherche: Peuplements Végétaux et
Bioagresseurs en Milieu Tropical (UMR PVBMT), St. Pierre

UMR PVMT is a joint research unit, associating CIRAD (Cen-
tre de Coopération Internationale en Recherche Agronomique
pour le Développement), Université de La Réunion and INRA
(Institut National de la Recherche Agronomique).
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The insect collection (based at CIRAD), was formally estab-
lished in 1962, mainly through field collections for agricultural
research projects. The small Diptera collection comprises ca
1,200 specimens, with the best represented families being the
Tephritidae and Syrphidae, with ca 60% of the collection iden-
tified at least to genus level. The main dipterists who contrib-
uted to the Diptera collection are Jean-Georges Pointel (1928—
living), Serge Quilici (1955-2015) (Fig. 92) and Jean-Frangois
Vayssiere (1951-living).

The collection originates chiefly from La Réunion and other
Indian Ocean islands and includes important historical spec-
imens of Diptera and more recent Diptera material resulting
from fruit fly monitoring and long-term sampling programmes
using Malaise traps. The main collection is pinned and stored
in commercial store boxes and more recent survey material
is preserved in ethanol and stored in a freezer and the DNA
barcoding of spirit preserved material is currently underway.
There have not been any formal Diptera curators and the col-
lection has not been digitised.

Southern Africa

Botswana

Botswana National Museum, Gaborone

The Botswana National Museum was established in 1967
and was officially opened to the public in 1968. The entomo-
logical collection is housed in the Colonial Building, as part of
the Natural History Division in the Village suburb of Gaborone.
The collection was established through fieldwork in Botswana
(using sweep nets, Malaise traps, butterfly traps, pitfall traps,
yellow pan traps and Chempac® fruit fly traps) and through
research and donations. Fieldwork was mainly undertaken by
Jimmy Mashonja (former Museum entomologist, who retired in
2003), Elisah Namati (1972-living), Ofentse Pat Sithole (1977-
living) and Moreetsi Bogosi. Donations originate from the Tsetse
Project, Per Forchhammer (1921-2001) (Fig. 89), Bruce James
Hargreaves (1942-living) and the Diptera collection originates
entirely from Botswana. Per Forchhammer was the main donor
of Diptera. His collection is well curated with specimens ful-
ly labelled, although some specimens are not georeferenced.
Per Forchhammer was a publishing Danish entomologist who
worked as a school teacher at Swaneng Hill Senior Second-
ary School, Serowe. He developed a major insect and snake
collection in an old classroom at Farmer’s Brigade, next to
Swaneng Hill School, while based in Serowe, with records in-
dicating that he was collecting non-dipteran insects as early as
the 1980s. He mostly collected in the vicinity of his home at
Farmer’s Brigade, using a Malaise trap and other methods and
distributed material of various insect groups widely to special-
ists around the world. Material he collected is, therefore, wide-
ly cited and is housed in various museums around the world,
through donation or exchange. He published several articles on
insects (mostly on Cerambycidae and other Coleoptera) and
on reptiles, e.g. in the Botswana Notes and Records and in the
Danish journal Natura Jutlandica. He was also instrumental in
establishing the Serowe Museum (now the Khama Ill Memorial
Museum) (C. Stockmann, pers. comm. 2017). Later he donated
his collection to the Botswana National Museum.
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The precise size of the Diptera collection is unknown, but
the best represented families are the Asilidae, Calliphoridae,
Drosophilidae, Glossinidae, Muscidae, Sarcophagidae and
Tabanidae. Other Diptera families represented in the collection
include: Culicidae, Curtonotidae, Drosophilidae, Ephydridae,
Hippoboscidae, Milichiidae, Syrphidae, Tephritidae and Tipul-
idae, plus numerous unidentified specimens. It is not known
what percentage of the collection is identified to genus and
species. The dry-pinned specimens are preserved in store boxes
and the spirit material in 70% or 96% ethanol. The dry collection
is well maintained and the curation rooms are air-conditioned.
At least part of the collection has been digitised in a secured
entomology database (O.P. Sithole, pers. comm. 2017).

Mozambique

Museu de Histéria Natural, Maputo (Museu Dr Alvaro de Castro)

Museu de Histéria Natural, Maputo, Mozambique (MHN),
was established in 1913 as the Provincial Museum and was
located at various sites until its establishment in the current
Manueline building in 1932, as Museu Dr Alvaro de Castro.
Museu de Histéria Natural is one of the major research insti-
tutions disseminating information on the faunal biodiversity of
Mozambique. The collections comprise significant information
on the richness and diversity of Mozambique'’s fauna for dis-
play and scientific purposes.

The entomological collection of MHN is the largest entomo-
logical collection in Mozambique, amounting to ca 170,000
insect specimens, representing almost all orders of insects that
occur in the country. The Diptera collection is small, compris-
ing ca 1,990 specimens, about 98% (ca 1,950 specimens) of
which are identified to species level, with most (57%, ca 1,110
specimens) representing the single common species Tabanus
taeniola Palisot de Beauvois (Tabanidae). Only 2% (about 40
specimens) of Diptera are identified to family level. The major-
ity of Diptera specimens in the scientific collection of insects
are derived from the entomological studies by Maria Corinta
Ferreira (née Melo) (1922—22003) and Gunderico Wladimiro
Santos Ferreira (1921-1999), established during the colonial
period (prior to 1975), mainly from the South Zone (Maputo
and southern Gaza Provinces) in 1949 and in the Central Zone
of Mozambique (Songo) in 1973.

The collection is preserved in glass-topped drawers in wood-
en cabinets (Fig. 104) and the majority of specimens have full
locality data. These data are being incorporated into the new
database as part of the process of re-organisation and digitisa-
tion of biological data in the collection.

Namibia

National Museum of Namibia, Windhoek (Landesmuseum;
South West Africa Museum; State Museum)

A detailed account of the history of the Museum was
published by Otto-Reiner (2007), on which these notes are
largely based. The origin of the National Museum, Namibia
began with the foundation of the “Deutsch-Stidwest-Afrika
Landesmuseum Windhuk”, during the German colonial peri-
od. The Landesmuseum was begun shortly after the arrival of
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Governor Bruno von Schuckmann (1857-1919), who initiated
the development of a local museum. The first meeting took
place at “Hotel Kronprinz” on 5 October 1907, with the first
museum committee elected the same year. As the collections
grew, the Museum occupied several buildings during various
times in central Windhoek until the outbreak of WWI, when
the then Museum Council was called up for active service. As
no efforts were made to have the Museum collections desig-
nated as neutral property, the bulk of the collection was stolen
by occupying forces. The few remaining collections were tak-
en over by the South African Administration for South West
Africa, who handed them to the Municipality. Entomological
holdings during this period are not known, but there are insect
specimens currently in various major European museums, es-
pecially in Germany, that are labelled “Landesmuseum” that
originate from this early period in the Museum’s history.

Following formation of the South West African Scientific Socie-
ty in 1926, the Administration of South West Africa entrusted the
Society with the organisation and management of museum col-
lections. The Society and Museum were allocated the mess and
two adjoining rooms of the Officer’s Casino, formerly known as
“Kommissariat”, where the Museum collection had been housed
from 1903 to 1908, and thus the South West African Museum
was born. From 1937 onwards, after a period as honorary and
part-time curatorship, Erich Zelle (1884-1969) was eventually
appointed as full-time curator in 1950. The Museum moved
again to Schmerenbeck House, where it was housed from 1950
to 1962. In 1957 the Administration of South West Africa took
over the Museum from the Scientific Society, after which it was
officially named the State Museum (from 1957-1995), with the
first Director Albert Johan Dirk Meiring (1899-2).

The entomological collection was without a curator until
1962, when the German school teacher and collector Fritz
Gaerdes (1892-1975) (Fig. 88) was made honorary curator.
The Entomology Department was only formally established in
1970, with appointment of Mary-Louise Penrith (1942-living)
as chief professional officer (employed 1970-1983), the collec-
tion being established in the Alte Feste towers. Her research at
that time focused on Tenebrionidae (Coleoptera), but it is not-
ed that she increased the entomological collection by 18,327
specimens in 1972 alone. In 1973, F Gaerdes donated his ex-
tensive insect collection to the Department, which he amassed
over a fifty-year period. Part of E. Gaerdes’s Diptera collection
was studied by Erwin Lindner (1888-1988) who published
a significant series of papers dealing with Namibian Diptera
(Lindner 1972, 1973, 1974, 1975, 1976, 1977). This collec-
tion represents the most significant donation to the entomolog-
ical collection and in 1990 the Museum staged an exhibition
highlighting its significance. Due to space constraints, in 1974
the entomological collections were temporarily moved to the
3" floor of the former Enke-House (later known as “Bastion”).
In 1980 all staff and collections were moved to Carl List Haus,
where the museum occupied the top 4 floors until 1993, when
it was moved to its present location. A second entomological
post was created in 1976 that was filled by Schalk van der Mer-
we Louw (1952-living), who served until 1980, after which he
was replaced by John A. Irish (1958-living), who served from
1981-1990. Following Penrith’s resignation in 1985, Irish took
over the post of Chief Professional Officer, after which Eugéene
Marais (1959-living) was appointed as second entomologist in
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1986. Two other curators were appointed, Martina Luise Wolff
(née Pusch) (1967-living) (employed 1990-1993) and Carole
Susan Roberts (1961-living) (employed 1989-1992). The en-
tomology collections were moved to their current premises,
known as Museum ACRE in 1993. Following Namibian Inde-
pendence in March 1990 the Museum was officially renamed
the National Museum of Namibia in 1995.

By 1995 the Entomology Centre had a core collection of
Diptera, incorporating material collected by F. Gaerdes, the for-
mer curators noted above, plus Shirley Bethune (1959-living)
(employed 1982-1983) and Barbara Anne Curtis (1954-living)
(employed 1986-1992), both of whom had worked on aquatic
invertebrates. In 1995, A.H. Kirk-Spriggs spent six months as a
volunteer in the Department, returning in 1997 under the aus-
pices of Voluntary Services Overseas. He was based at the Muse-
um until 2003, during which time he actively worked on devel-
opment of the Diptera collection through fieldwork throughout
the country, mostly with E. Marais. This material was distributed
widely to international specialists and resulted in numerous pub-
lications dealing specifically with the Diptera of Namibia (see
above), mostly published in the Museum’s in-house journal
Cimbebasia. In 1998 the Department undertook a major survey
of intertidal Arthropoda from the Kunene River mouth on the
Angolan/Namibian border to the Eastern Cape of South Africa
(Kirk-Spriggs et al. 2001a) as well as an extensive survey of the
Brandberg massif (Namibia’s highest mountain), that was pub-
lished in a dedicated volume and included 12 chapters dealing
with Diptera (Kirk-Spriggs & Marais 2000) (see above).

The Diptera collection has not been digitised and the precise
number of specimens is unknown, but can be predicted to be
ca 150,000 specimens, making this one of the largest regional
collections. Most are pinned and fully labelled and are stored
in unit trays or plastic boxes with lids. There is also extensive
sorted material from Malaise traps and other sampling meth-
ods that cover the entire country. The collection was entirely
re-sorted and identified to family by A.H. Kirk-Spriggs. About
30% of the collection has been identified to generic level or
beyond and there are numerous primary types that are stored
separately. The entomological collection has fallen into decline
since 2003 and is currently without a curator, although steps
have been taken to resolve this.

South Africa

National Museum, Bloemfontein

The National Museum was founded on 20 July 1877 during
a public meeting in Bloemfontein’s City Hall. Although there
were entomology collections, especially butterflies, that pre-
date the inception of the Department, the Entomology Depart-
ment was formally established on 1 May 1975, when G.W.S.
Ferreira, who had studied at the University of Coimbra, Portu-
gal and was formerly employed at the University of Lourengo
Marcques, Mogambique, took up the position of entomologist.
Three months later, during April, he was joined by his wife, M.C.
Ferreira, who had held the position of Director of the Insti-
tute for Scientific Research of Mogambique (employed 1959~
1974) and Professional officer at Museu Dr Alvaro de Castro,
Lourengo Marques (employed 1948-1959), prior to her ap-
pointment at the National Museum (see Antune 2016, for re-
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cent biography). Both received leave of absence from Bloem-
fontein to attend pension-related court cases in Mozambique
in 1979 and never returned to the Museum (Van der Bank
2001), both returning to Portugal in 1980. G.W.S. & M.C. Fer-
reira were coleopterists and prior to 2008 the Museum has
employed coleopterists consistently who concentrated on
development of the Coleoptera collection. A core collection
of ca 1,500 Diptera was developed by subsequent curators,
including J.A. Irish and Leon Nico Lotz (1957-living), mainly
as a result of surveys of Navel Hill and other hills in the central
Bloemfontein area, but chiefly comprised a more extensive
collection of spirit-preserved Hippoboscidae developed by
Elize [Elsabé] Jacoba Visagie (1967-living) (who has published
several papers on South African Hippoboscidae).

Ashley H. Kirk-Spriggs took up the position of curator in No-
vember 2008, with an emphasis on developing the Afrotropical
Diptera collection. As a result, the Diptera collection is now the
largest non-specialised collection of Diptera on the African conti-
nent, with over 209,374 accessioned specimens. All families that
occur in the Afrotropics are now represented in the collection.
It is a unique research tool, as it comprises recent, high quality
material from numerous poorly sampled Afrotropical countries,
including: Benin, Burundi, Cameroon, Democratic Republic of
Congo, Kenya, Réunion ls., Madagascar, Malawi, Mauritius, Na-
mibia, South Africa (Eastern and Western Cape, KwaZulu-Natal
and Free State), Togo and Zambia. The collection also incorpo-
rates former collections of the Alexander McGregor Museum
(Kimberley) and University of Pretoria collections of Diptera
(both of which were formally donated in 2009).

The majority of the collection is pinned and is stored in
glass-topped drawers using a unit tray system (Figs 100, 101).
There is also an extensive spirit collection with the majority
of samples preserved in 96% ethanol and suitable for DNA
extraction.

The Department currently has two full-time Diptera taxono-
mists on the staff, A.H. Kirk-Spriggs and B.S. Muller. The collec-
tion is widely used by local and international researchers and
parts of the collection have been identified by leading experts.
Currently over 25,000 pinned specimens are on loan to spe-
cialists. The National Museum, Bloemfontein is, therefore, a
centre of excellence for the study of dipterology on the con-
tinent and the collection represents an extremely important
national asset and research tool, which raises the international
profile of research in the field in South Africa.

All pinned specimens and sorted spirit-preserved specimens
have been fully digitised and the database is fully maintained.
There are several hundred residue samples, mostly of Malaise
and pan trap catches that still require sorting, identification
and digitisation.

KwaZulu-Natal Museum, Pietermaritzburg (Natal Museum)

The Diptera collections of the KwaZulu-Natal Museum are the
second largest on the African continent and the Museum has
been the leading institution for dipterological research in the re-
gion for the past six decades. An excellent account of the history
of the Department was published by Barraclough & Whittington
(1994), with additional information provided by Guest (2006)
and Davies (2009), on which these notes are largely based.
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Figs 1.97-101. Examples of Diptera collection facilities in Southern and Central Africa: (97) cabinet containing the pinned Dip-
tera collection of Onderstepoort Veterinary Institute, South Africa; (98) same, part of the slide collection, comprising 150 slide
boxes; (99) insect collection room of the Forestry Research Institute of Malawi, Zomba; (100) drawer of identified Anthomyi-
idae from the National Museum, Bloemfontein; (101) same, one of six 40-drawer cabinets housing the Diptera collection. Figs
97, 98 (photographs courtesy K. Labuschagne), Fig. 99 (photograph courtesy B.S. Muller), Figs 100, 101 (photographs courtesy
C. Venter).
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Prior to 1953 the then Natal Museum had not appointed a
professional entomologist to the staff. This changed in 1953 with
the appointment of B.R. Stuckenberg (Fig. 77) (see above for
biography). Stuckenberg had worked on Diptera for his master’s
degree at Rhodes University and concentrated on developing
the Diptera collection. Stuckenberg actively encouraged the
study of the collection by leading Diptera authorities of the day
and this is reflected in the level of identification in the collection
and the number of primary types (see below). In 1970, Stucken-
berg was appointed Assistant Director and in 1971 M.E. Irwin
(Fig. 78) (a PhD graduate of the University of California, U.S.A.),
was appointed on a three-year contract to run the Entomology
Department. Following Irwin’s departure in 1974, Raymond
Martin Miller (1941-living) (a PhD graduate from lowa State Uni-
versity, U.S.A.) (Fig. 79) was appointed in 1976. Stuckenberg be-
came Director in 1976 and J.G.H. Londt (Fig. 80) (see biography
above) from Onderstepoort Veterinary Institute was appointed as
Assistant Director. Following Miller’s resignation, Londt became
Acting Head of Entomology in 1978, a post he held until 1990.
In 1982 D.A. Barraclough (Fig. 81) (see biography above) was
appointed as Senior Professional Officer, but resigned in 1985.
After completing his PhD in Australia, Barraclough returned as
Head of the Arthropoda Department in 1990. In the same year
Andrew Eric Whittington (1963-living) (Fig. 82) was appointed
to the Entomology Department; the first time Entomology had
been fully staffed. Whittington resigned in 1993 and Barra-
clough in 2002, to be replaced by Mikhail Borissovich Mostovski
(1969-living) (Fig. 84), who took up the position of Head of the
Arthropoda Department in 2003 and who in turn resigned in
2014. Gregory Bernard Peter Davies (1979-living) (Fig. 83) was
appointed in 2003 and resigned in 2009. B.S. Muller (Fig. 85)
joined the Museum in 2008 as Research Technician and was
promoted to Curator in 2009, but resigned in 2016. At the time
of this writing the Department is currently without a curator.

Notable associations with the Department have been Pame-
la Jean Stuckenberg (née Usher) (1933-2013), who for ca 20
years (1955-1975) undertook a great deal of curatorial work,
accompanying her husband Brian on fieldtrips and worked on
the taxonomy of Tabanidae, R.M. Miller who has continued
to add material, sort and curate the collection and Torsten
Dikow (1975-living), who was an international student based
at the then University of Natal (1999-2000) and spent every
free afternoon at the Museum working on the collections,
familiarising himself with the Asilidae and working with J.G.H.
Londt on two small revisions in 2000. He also undertook field
expeditions with Museum staff.

According to figures from an internal report by Davies
(2009), the pinned Diptera collection amounted to an estimat-
ed 205,000 specimens, amounting to 87% of the KwaZulu-
Natal Museum pinned insect total. The collection was then
housed in 832 glass-topped insect drawers (Fig. 103) in four
metal rack units in two rooms (Fig. 102). In 1976 the Mu-
seum acquired the former Transvaal Museum collection of
Diptera in exchange for the Kenneth Misson Pennington
(1897-1974) collection of butterflies and in 1983 the impor-
tant EK.E. Zumpt (see biography above) collection of medically
important Calliphoridae, Muscidae, Oestridae, Rhiniidae and
Sarcophagidae from the former South African Institute of Med-
ical Research. The collection as a whole includes more than
1,275 primary types (almost entirely holotypes) and 5,474
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secondary types. This includes primary types of two-thirds of
the families recorded from the region and primary/secondary
types of 1,948 species. The collection also includes reference
material of extralimital families of flies for reference purposes.

Albany Museum, Grahamstown

The Albany Museum is the second oldest museum in South
Africa. In 1855, a group of five doctors, George Allan Hut-
ton (1830-1889), William Edmunds (1829-1872), R.M. Arm-
strong, William Guybon Atherstone (1814-1898) and D.D.M.
McDonald, met for the purpose of forming a medical society.
The “Graham’s Town Medico-Chirurgical Society” was thus
formed, with Alexander Melvin (1792-1868) as the first Presi-
dent. The first Curator of the Albany Museum was Burt J. Glan-
ville (employed: 1858-1882) and the first reference located to
entomology in the Albany Museum is Glanville’s Report on the
Albany Museum for the year 1858. Entomology at the muse-
um took off after the zoologist John Hewitt (1880-1961) took
over as Director of the Museum in 1910. He made collections
of insects and there are some specimens in the contemporary
collections with labels bearing his name.

The Diptera collections of the Albany Museum are stored in
two separate departments, the Department of Entomology and
Arachnology (terrestrial Diptera) (DEA) and the Department of
Freshwater Invertebrates (aquatic Diptera) (DFWI). The DEAwas
formally established in 1958 with the appointment of Charles
FrédericJacot Guillarmod (1912-1979), although specimens in-
corporated in the collection originate from much earlier dates.
The collection of DFWI was founded much later in 1972, from
the amalgamation of several institutional collections, primarily
material from the National Institute of Water Research (NIWR)
of the CSIR. Both the DFWI and DEA collection were largely
built through the efforts of previous and current curatorial staff.
The main Diptera donors of DFWI were Ferdinand Cornelis
de Moor (1947-living) (Simuliidae), Arthur Desmond Har-
rison (1921-2007) and Katharine Marjorie Frances Scott
(1913-1998) (Chironomidae). Diptera material in DEA orig-
inates from various donors, including (Mrs George) Bliss
White (née Atherstone) (1823-1907), John Hewitt, (Reverend
Father) Joseph A. O'Neil (1867-1952), Friedrich Wolfgang Gess
(1936-2013), Sarah Kathleen Gess (née Greathead) (1938-
living) and A.H. Kirk-Spriggs (who was the only former Diptera
Curator: 2006-2008). Diptera material in DFWI mostly origi-
nates from South Africa and DEA material from South Africa
(especially Eastern Cape), Lesotho, Namibia and Madagascar.
The collection includes a number of Diptera reared from the
nests of Hymenoptera, prey of Bembix F. (Crabronidae), flower
visiting records and Asilidae with prey.

The DFWI Diptera collection comprises ca 50,000 sepa-
rate catalogue entries (most with several specimens) and 22
families of aquatic Diptera are represented in the collection,
with the Chironomidae (> 20,000 specimens and 6 types),
Ceratopogonidae (> 2,000), Simuliidae (10,000) and Culici-
dae (1,000), being the best represented. Other less common
families in the collection include Blephariceridae, Dixidae and
Thaumaleidae. Approximately three-quarters to one-half of
the collection is identified at least to genus level. The majority
of specimens are preserved in ethanol and most of the collec-
tion has been digitised.
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The DEA Diptera collection comprises ca 25,000 Diptera
specimens, ca 20,000 pinned specimens, stored in 90 glass-
topped insect drawers and ca 5,000 specimens in ethanol. The
best represented families in the collection are the Asilidae (12
drawers), Bombyliidae (10), Tabanidae (6), Muscidae (6), Syrph-
idae (4), Tephritidae (3), Calliphoridae (3) and Tachinidae (3).
The collection was re-curated and ordered by A.H. Kirk-Spriggs,
who identified all material to family level. The percentage of the
collection identified to species and/or genus has not been calcu-
lated. Only 2,940 Diptera have been digitised to date.

National Collection of Insects (ARC-PPRI), Pretoria

The South African National Collection of Insects (SANC),
Plant Protection Research Institute, Agricultural Research
Council, is one of the four components comprising the
National Collections cluster, the others being arachnids, fungi
and nematodes. A number of outstanding entomologists and
other scientists have contributed knowledge and taxonomic
expertise and have left an indelible legacy in the form of schol-
arly works and physical collections in the 104-year history of
SANC. These have contributed significantly to the fundamen-
tal knowledge-base of biodiversity and agricultural sciences in
South Africa and beyond. Among them is the acclaimed dip-
terist H.K. Munro (see biography above), the founder and main
contributor to the extensive holdings of Diptera in SANC, but
who is best remembered as one of the world’s preeminent fruit
fly (Tephritidae) taxonomists. He is consequently the central
figure in the narrative of the Diptera collections of SANC.

The South African National Collection of Insects grew from
the Parasite Laboratory located in a house in Wessels Street,
Sunnyside, Pretoria, which was established to deal with issues
related to biological control of agricultural pests. In 1912, this
became the Division of Entomology in the Department of Ag-
riculture of the Union of South Africa. Munro was transferred
from East London to Pretoria in 1925 and inherited five insect
cabinets, which became the core of SANC. Munro concentrat-
ed on Diptera, becoming internationally renowned for his taxo-
nomic work on fruit flies. He was also in great demand to iden-
tify many other families of flies. In 1962, the Division of Ento-
mology became the Plant Protection Research Institute (PPRI),
situated in the Agriculture Buildings in Beatrix Street, Pretoria.
This building, known as the “V-Building” was initially construct-
ed as a military hospital during World War Il, but was fortunate-
ly never used for its intended purpose. Munro remained in the
V-Building long after his official retirement, to continue his re-
search that culminated in his revision of the subfamily Dacinae.
The Diptera collection was finally moved in 1979 to join the
rest of the National Collection of Insects at Vredehuis near the
Union Buildings in Pretoria. On the formation of the Agricul-
tural Research Council in 1992, PPRI was transferred from the
Department of Agriculture and SANC was incorporated into
the Biosystematics Division, which comprised all collections
mentioned above. In 2010 all the collections were moved from
two localities within Pretoria to a custom-built building for the
Biosystematics Division at Roodeplaat, east of Pretoria.

The Diptera collection was built through the active field-
work of H.K. Munro, including his participation in the Vernay-
Lang Kalahari Expedition of 1930. He also identified many
flies submitted by state entomologists posted at the many field
stations run by the Department of Agriculture throughout the

country. Munro developed extensive international contacts
and exchanged material with specialists throughout the world,
but especially concentrated on African species. Many speci-
mens were sent to the then Commonwealth Institute of Ento-
mology in London, U.K. for identification if there was no ref-
erence material in South Africa. Several entomologists have
donated Diptera collected during field trips, including Mervyn
William Mansell (1944-living) and other staff members, and
the collection is especially rich in species of agricultural and
environmental importance, including many reared specimens
with associated host data. Specimens continue to be submitted
for identification after being intercepted in shipments; where
they are found to be causing damage; or as part of university
or other institute field surveys. Diptera associated with alien
invasive plants in their countries of origin are also deposited
in case these prove to be useful as biological control agents.
Large orphan collections have been incorporated from other
sources, including ARC-PPRI Rosebank (Cape Town), the Ento-
mology collections of the ARC-Vegetable and Ornamental Plant
Institute the University of Pretoria and the Council for Scientif-
ic and Industrial Research, Australia (CSIRO) collection of the
University of Cape Town.

Mansell was the next custodian of the Diptera collection
(employed 1979-2004), initially working with Munro and
continuing today to provide his expertise in the identification
of Diptera long after his retirement. More recent work on the
Tephritidae has been undertaken by M. De Meyer (Fig. 91),
lan Murray White (1954-living), Amnon Freidberg (1945-
living) and David Lawrence Hancock (1950-living). J.G.H.
Londt (Fig. 80) (see biography above) has also kept the Asil-
idae up to date. The Bombyliidae were studied by A.J. Hesse
(see biography above) and J. Bowden and the Tachinidae were
identified by Roger Ward Crosskey (1930-living), C.H. Curran
and D.A. Barraclough (Fig. 81) (see biography above). A valu-
able collection of termitophilous Phoridae was contributed by
William Geoffrey Harrower Coaton (1911-1983), which was
studied by Ronald Henry Lambert Disney (1938-living).

The collection comprises ca 48,000 predominantly pinned
Diptera specimens, representing ca 4% of SANC overall col-
lection holdings. The collection includes 490 primary types of
Diptera. A total of 82 families of Diptera is represented, with
the dominant families being Tephritidae (133 genera), Tachin-
idae (93), Asilidae (68), Syrphidae (44), Muscidae (39), Chlor-
opidae (23) and Bombyliidae (21). About 70% of the main
reference collection has been identified at least to genus level.
Pinned material is stored in glass-topped drawers in wooden
cabinets using a unit tray system (Figs 109, 110). Slide mounts
of wings prepared by H.K. Munro are stored in wooden slide
cabinets. Associated literature, card indices and correspond-
ence are stored in the same collection room. There are a few
specimens preserved in 70% ethanol, including Cecidomyiidae
and termitophilous Phoridae stored in vials in larger bottles in
a wet collection storage room maintained at low temperature.

Digitisation of the Diptera collections commenced in 2000,
with only specimens from South Africa identified to species
level being recorded. Each digitised specimen has a blue data-
base label attached. Only the Asilidae collection has been up-
dated since then to reflect changes in nomenclature. There are
currently 4,100 digitised series. The database was designed by
Mansell and Brian Kenyon.
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No Diptera taxonomist or curator is currently employed by
the Institute, but the former Collections Manager, Rosalind
Patricia Urban (1950-living) (employed 1992-2015), curated
the Diptera from 2004 until retirement. Recent curation efforts
have concentrated on reorganising the Diptera into a more
current classification system and incorporating about two cab-
inets full of previously unsorted material which was identified
to family level by A.H. Kirk-Spriggs.

Iziko South African Museum, Cape Town (South African Museum)

The South African Museum was founded in 1825 and its
collections are the oldest of their kind in South Africa with the
earliest specimens dating from the 1840s. Although there were
insects at the Museum from its earliest days, it was really only
when Roland Trimen (1840-1916) first became involved with
the Museum in 1866 that the Museum’s insect collection had
its inception (van Noort & Robertson 2012).

Albert J. Hesse (see biography above) was the first full-time
dipterist employed at the Museum and indeed in South Afri-
ca and his contribution was substantial. He began work at the
Museum in 1924, overlapping with the coleopterist Louis Albert
Péringuey (1855-1924) for about a year. When he began the
job, he was well qualified as a parasitologist, but had no ento-
mological training. Hesse holds the record as the longest serv-
ing member of staff in the Museum, having worked there for 51
years. He reached retirement age in 1955, but was employed
for 19 years after this, only leaving the Museum in 1974. Hesse’s
main research interest was Diptera and he published some large
revisions of the Bombyliidae and Mydidae (Hesse 1938, 1956a,
1956b, 1960, 1969) (Cochrane 2006; van Noort & Robertson
2012). During the Hesse period, Harold Gordon Wood (1907-?)
worked as an honorary entomologist and produced papers on
Dixidae (Wood 1933, 1934) and a monograph on the crane flies
(Tipulidae) of the south-western Cape (Wood 1952).

The majority of Diptera material in the collection was col-
lected by A.)J. Hesse and other Museum staff. Hesse under-
took extensive expeditions to the former South West Africa
(Namibia) (the Kaokoland Expeditions) in 1923, 1925, 1926
and 1933, with Reginald Frederick Lawrence (1897-1987)
(Arachnologist, 1922-1935) and Charles W. Thorne (1906—
1962) and Humphrey Zinn (general technicians at the Museum).
He also took part in South African Museum Expeditions in the
1920s to the Western and Eastern Cape Provinces of South
Africa and his favourite area for collecting, the Karoo in South
Africa. There are numerous specimens in the Diptera acces-
sions resulting from these expeditions, especially from S.W.
Africa, representing important early Diptera material from
Namibia and elsewhere. The collection also includes impor-
tant material collected by Hans Heinrich Justus Carl Ernst
Brauns (1857-1929) in the Willowmore area of the Eastern
Cape, South Africa (although the bulk of his material is now
housed in the KwaZulu-Natal Museum).

According to figures supplied for October 2015, there are
14,682 digitised catalogue records of Diptera in the collection,
representing 41,275 specimens (van Noort et al. 2015). This
only comprises digitised curated specimens and there are ca 30
drawers of pinned unidentified Diptera material that still require
digitisation. A.H. Kirk-Spriggs has sorted material in the acces-
sions to family on several occasions in order to make material
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more accessible to specialists. Pinned specimens are preserved
in glass-topped insect drawers in wooden cabinets, using a unit
tray system. The majority of the pinned specimens are digitised.

The entomology collection includes thousands of bulk insect
samples (ca 9,500 unique collecting events), collected over
the past 25 years by Simon van Noort (1964-living), Hamish
Gibson Robertson (1959-living) and colleagues. These samples
are preserved in 96% ethanol and emanate from inventory sur-
veys conducted in Central African Republic, Gabon, Namibia,
South Africa, Tanzania and Uganda, using a wide variety of
collecting methods, including Malaise traps, sweeping, yellow
pan traps, pitfall traps, Winkler bag extraction of leaf litter, and
UV-light trapping, as well as general hand collecting. The sam-
ples remain unsorted, but contain many thousands of Diptera.

National Institute for Communicable Diseases, Johannesburg
(South African Institute of Medical Research)

The Diptera collection now housed in the National Institute
for Communicable Diseases (NICD) is the collection formally
housed in the South African Institute for Medical Research,
Johannesburg (SAIMR). The SAIMR was incorporated into the
National Health Laboratory Service (NHLS) in 2002 and the
NICD is an in-house institute of the NHLS. At the time of writ-
ing (August 2016), there are plans for NICD to become part of
the “National Public Health Institute of South Africa” embed-
ded in the National Department of Health.

The Diptera collection comprises ca 43,000 specimens. The
Diptera families Culicidae (ca 30,000 specimens), Ceratopo-
gonidae (8,000), Psychodidae (3,000) and Simuliidae (2,000)
are best represented. All specimens are identified at least to
genus level and probably 95% to species. Material originates
mainly from the SADC region, but with a good number of
specimens from Cote d’Ivoire, Democratic Republic of Con-
go, Ethiopia, Kenya, Nigeria, Uganda and the Indian Ocean
islands. The material is either pinned (stored in 125 wooden
cabinets) (Figs 111, 112), or slide-mounted (stored in 170 slide
boxes) in a permanently air-conditioned facility (M. Coetzee,
pers. comm. 2015).

The Diptera collection was begun in ca 1930 by B. de Meil-
lon (see biography above), who undertook extensive Culicidae
surveys in South Africa and neighbouring countries until the
end of WWII and the advent of DDT for house spraying, at
which time the malaria problem was thought to have been
solved. He then changed his focus to other medically important
Diptera and developed the Ceratopogonidae and Simuliidae
collections. Fritz K.E. Zumpt (see biography above) was em-
ployed as Curator from 1948 to 1981, during which time he ac-
tively developed an extensive collection of Calliphoridae (incl.
Rhiniidae), Muscidae, Oestridae and Sarcophagidae. Hugh Ed-
ward Haldane Paterson (1926-living) was also employed during
the early 1950s under Zumpt, collecting and identifying Musc-
idae and also describing new species. This important collection
was transferred as a donation to the KwaZulu-Natal Museum
in 1983 (see above). The Psychodidae collection was estab-
lished by lan Hugh Davidson (1953-living) in the 1980s. The
Culicidae collections (Figs 111, 112) have been added to over
the years by James Muspratt (1910-1985), Peter Graham Jupp
(1936-living), Bruce Merton Mclntosh (1919-2005) (employed
1958-1980), Maureen Coetzee (1951-living) and Anthony
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John Cornel (1962-living), the last two named providing col-
lections where the slide-mounted immature stages are linked
to the corresponding pinned adults. Many of the Anophelinae
(Culicidae) species have also been characterised genetically,
either chromosomally, enzymatically or by molecular methods
(M. Coetzee, pers. comm. 2015). The collection is partially dig-
itised and lists of Culicidae and Ceratopogonidae type speci-
mens have been published (Segerman 1990, 1995).

Onderstepoort Veterinary Institute, Onderstepoort, Pretoria

The Onderstepoort Veterinary Institute (OVI) is administered
through the Agricultural Research Council of South Africa
(ARC-OVI). The Institute deals with the diagnostics, biosystem-
atics and control of insects of veterinary importance, as well
as technology transfer to commercial and subsistence farmers,
students and the general public. The maintenance and expan-
sion of the reference collections, databases and identification
keys as well as the development of new research areas form an
integral part of projects (C. Venter, pers. comm. 2015).

The collection was established in the 1970s and comprises
pinned, alcohol and slide-mounted specimens (Fig. 98). The
collection consists mainly of Diptera (95%), although some
other orders are also represented, including Coleoptera, Lep-
idoptera, Neuroptera, Phthiraptera and Siphonaptera. The
Diptera collection includes the genera Musca L. and Stomoxys
Geoffroy (Muscidae), mostly collected by Errol Matson Nevill
(1938-living), Glossina Wiedemann (Glossinidae), Aedes Mei-
gen, Anopheles Meigen and Culex L. (Culicidae) and Culicoides
Latreille (Ceratopogonidae). Establishment of the Culicoides
collection can be linked back directly to René Michel du Toit’s
(1904-1988) (Fig. 87) seminal discovery that Culicoides (not
mosquitoes) are vectors of the viruses that cause bluetongue
and African horse sickness. This occurred in 1943 in the midst
of WWIL. At the time B. de Meillon (who was employed at
the South African Institute for Medical Research) (see biography
above) was South Africa’s premier (and only) vector taxonomist
and, by the early 1930s, had already commenced his studies on
South African Culicoides. Shortly after WWII, Onderstepoort
initiated its own Culicoides programme and towards this end
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Figs 1.102-106. Examples of Diptera collection facilities in Southern Africa and the Indian Ocean islands: (102) Diptera collec-
tion room of KwaZulu-Natal Museum, South Africa; (103) same curated drawer of Tabanidae; (104) Diptera collection cabinet
of Museu de Histdria Natural, Maputo, Mozambique; (105) same, Parc Botanique et Zooligique de Tsimbazaza, Antananarivo,
Madagascar; (106) same. Figs 102, 103 (photographs courtesy B.S. Muller), Fig. 104 (photograph courtesy K.FL. Muambalo);
Fig. 105 (photograph courtesy G. Goergen); Fig. 106 (photograph courtesy M. Hauser).
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employed Otto Georg Hans Fiedler (1912-1998), who wenton  from Portugal, who in 1961 completed a monograph of the
to produce (in 1951) a small monograph on the 22 species that  Culicoides of Angola. Thereafter, as a protégé of R.M. du Toit,
occur in the region. Foreign visiting scientists continued these ~ E.M. Nevill joined the Onderstepoort team. He continued to
studies, e.g., Victor [Vitor] Manuel Pais Caeiro (1929-2007)  build on the biting midge collections and in collaboration with

Figs 1.107-112. Examples of Diptera collection facilities in East and Southern Africa: (107) insect collection room of National
Museums of Kenya, Nairobi; (108) same, photographic imaging of Culicidae collection; (109) insect collection room of the
National Collection of Insects (ARC-PPRI), Pretoria, South Africa; (110) same, re-organisation of the Diptera collection; (111)
part of the Aedes Meigen (Culicidae) collection of the National Institute for Communicable Diseases, South Africa; (112) same,
drawer of identified Anopheles Meigen (Culicidae) mosquitoes. Figs 107, 108 (photographs courtesy L. Njoroge), Figs 109, 110
(photographs courtesy V. Uys), Figs 111, 112 (photographs courtesy M. Coetzee).
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Michel Cornet (1930-living) and Jean Clastrier (1910-1997)
developed knowledge of the taxonomy of Culicoides and
Leptoconops Skuse. Rudolf Meiswinkel (1952-living) was ap-
pointed in 1983 and focused narrowly on the subgenus Avaritia
Fox, in particular the Culicoides imicola species complex. The
collection was mainly built through fieldwork and surveys con-
ducted since 1990 by R. Meiswinkel and Karien Labuschagne
(1972-living). The research focus since 1990 has been almost
exclusively on Culicoides species and their distribution through-
out South Africa. This focus includes the lengthy and detailed
studies conducted by Cert Johannes Venter (1960-living) on
the few species, in particular C. imicola Kieffer and C. bolitinos
Meiswinkel, known to act as vectors for those viruses that in
livestock, across the continent, cause diseases, such as blue-
tongue, African horse sickness and equine encephalosis.

The pinned collection is housed in one large cabinet, con-
sisting of 42 drawers (Fig. 97) and two smaller cabinets with 10
drawers each. Specimens with collecting information are stored
in small separate boxes arranged by genus. The spirit-preserved
collection consists mainly of ca 15,000 black light trap samples
of Culicoides (ca > 40 million specimens), sampled since 1990.
Data on collection site/area, total number of Culicoides in each
sample, together with species breakdown (female: nulliparous,
parous, gravid, blood-fed and males) are recorded on both
a database and a file system. This collection is fully digitised
and is updated constantly. The slide collection consists of ca
12,000 microscope slides of 720 species from 190 localities.
The collection includes more than 200 Culicoides and 500
other nematocerous species, such as the genera Atrichopogon
Kieffer, Bezzia Kieffer, Dasyhelea Kieffer, Forcipomyia Meigen
(Ceratopogonidae) and ca 60 other genera. The slide-mounted
collection is stored on ca 100 slide boxes.

In addition, colonies of Glossina (Austenina) brevipalpis
Newstead and G. (C.) austeni Newstead (Clossinidae) were
established at the Institute from material obtained from Tse-
tse and Trypanosomiasis Research Institute (TTRI), Tanga, Tan-
zania and Seibersdorf, Austria in 2002. In South Africa these
two tsetse species occur mainly in the game reserves and ru-
ral communities close to reserves in northern KwaZulu-Natal
Province and cause nagana in animals. This represents the only
C. brevipalpis laboratory colony in the world (G. Venter, pers.
comm. 2015).

Research at ARC-OVI is focused on the role of insects in
disease transmission, with Diptera research restricted to the
control of tsetse and Culicoides species as vectors of animal
trypanosomiasis and orbiviruses respectively. The Culicoides
reference collection is indispensable in species identification
and the creation of risk maps. Behavioural and competitive
studies conducted with flies obtained from tsetse colonies will
form the baseline for field control of nagana. The Diptera col-
lection is almost fully digitised.

Durban Natural Science Museum, Durban (Durban Natural
History Museum)

The entomological collections of the Durban Natural Sci-
ence Museum comprise ca 141,000 specimens, ca 7,226 of
which are Diptera. The best represented families are Asilidae
(743 specimens), Syrphidae (608), Bombyliidae (479), Tephrit-
idae (376), Culicidae (364) and Tabanidae (301). About 70%

of specimens are identified at least to genus level. Most speci-
mens are pinned and are stored in wooden cabinets with glass-
topped drawers (K. Williams, pers. comm. 2015).

The collection was established in the early 1900s, but did
not have a dedicated curator until 1976, when Clive Desmond
Quickelberge (1930-living) was appointed as the first curator
of entomology. His main interest was butterflies. Some Diptera
specimens pre-date the establishment of the main collection,
having collecting dates from the 1840s. The collection was main-
ly built through donations and staff fieldwork. Significant donors
in the Diptera collection include: Cecil Newton Barker (1856—
1936), Harold Walter Bell-Marley (1873-1946), Alfred Lionel
Bevis (1897-1984), Rupert Augustus Lacy Brandon' (1872-?),
Richard Kendall Brooke (1930-1996), Bevis & William Mark
Davidson (1887-1961), Walter James Lawson (1937-living) and
C.D. Quickelberge. Specimens originate from Lesotho, Malawi,
Mozambique, South Africa, Swaziland, Zimbabwe, with several
others smaller contributions (K.A. Williams, pers. comm. 2015).

The collection was moved from the main Museum at City
Hall to the Research Centre of the Museum in 2008. This new
facility has more space available, allowing collection growth
and has a gas fire-release system, so in the event of a fire speci-
mens would not suffer water damage, and the collection room
has climate control. The Diptera collection has been fully digit-
ised and collection development currently focuses on Diptera
of forensic significance.

Stellenbosch University, Stellenbosch

The Diptera reference collection of Stellenbosch University
is a small, but important collection of historical importance. It
was established in ca 1919, probably encouraged by the then
Head of Department Charles Kimberlin Brain (1881-1954).
Students were trained in the use of identification keys; they
were also expected to hand in a collection which was lat-
er added to the departmental collection (J. Giliomee, pers.
comm. 2016).

The collection comprises 4,275 pinned Diptera specimens,
representing 57 families, with the best represented and iden-
tified being the Tephritidae (855 specimens), Tabanidae (770)
and Culicidae (622). About 10% of the collection is identified
at least to genus level. Specimens in the collection mainly orig-
inate from South Africa, with some material from other African
countries, including Kenya, Liberia, Malawi, Mozambique,
Namibia, Sierra Leone, Tanzania (incl. Zanzibar) and Ugan-
da. There is also extralimital material, especially of Culicidae
from China (Hong Kong), Israel, Italy, Japan and Macedonia.
The Diptera collection appears to have been largely developed
by Johan Ceorg Theron (1924-1988), former professor in the
Department, whose specimens form the core of the collection,
but there are numerous collectors named on the labels includ-
ing the following better known collectors: William Mansfield
Aders (1881-1934), A.L. Bevis, J.H.J.C.E. Brauns, Patrick Al-
fred Buxton (1892-1955), William Alfred Stedwell Lamborn
(1877-1960), J.G.H. Londt (Fig. 80) (see biography above), H.
Macfarlane, E.M. Malan, H.K. Munro (see biography above)
and S.A. Neave. Material in the collections has been identified
by numerous leading dipterists, including Enrico Adelemo Bru-
netti (1862-1927), Gilbert Ernest Bryant (1878-1965), R.W.
Crosskey, B. de Meillon (see biography above), EW. Edwards,
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J.W. Edwards, P. Freeman, H.K. Munro (see biography above),
J.G. Theron and Fl. van Emden.

As this is a university collection, there has never been a full-
time curator. The collection forms part of the Insect Museum
of the Department of Conservation Ecology and Entomology.
The collection is stored is glass-topped insect drawer in J.J. Hill
cabinets. There is evidence of pest infestations in some parts
of the collection, but the Diptera are largely unaffected. The
collection has not been digitised.

Rhodes University, Grahamstown

The small insect collection of the Department of Zoology
and Entomology of Rhodes University was developed in the
late 1960s and was mostly accumulated through specimens
from students’ coursework collections. The majority of the
more interesting specimens were transferred to the Depart-
ment of Entomology and Arachnology of the Albany Museum,
including the significant Diptera collection of Patrick Elliot Hul-
ley (1937-living). The majority of specimens in the collection
originate from South Africa, with some material from other
southern African countries.

The Diptera collection comprises ca 3,000 specimens, only
about 1% of which are identified to genus level. The best rep-
resented families are the Asilidae, Bombyliidae, Tabanidae and
Calliphoridae, but generally larger-bodied specimens are rep-
resented. Specimens are stored in glass-topped insect draw-
ers in wooden cabinets. As this is a university collection, there
has never been a full-time curator. A.H. Kirk-Spriggs identified
parts of the collection to family level and re-curated it. The
collection has not been digitised.

University of Pretoria, Pretoria

The Diptera Collection of the Department of Zoology and
Entomology of Pretoria University was officially donated to the
National Museum, Bloemfontein in 2009 and is now being
incorporated into the main collection and being digitised.

Zimbabwe

Natural History Museum of Zimbabwe, Bulawayo (Rhodesia
Museum, National Museum of Rhodesia)

The collection of the Natural History Museum of Zimbabwe,
Bulawayo, is the largest collection in the Southern African sub-
region outside South Africa (Ritchie 1987), with collections es-
timated at ca five million specimens (including 3,200 primary
types). The collections are especially rich in the orders Odo-
nata, Lepidoptera and Diptera (Hancock et al. 1995; Ritchie
1987). The collection includes ca 12,403 Diptera, mainly
Tephritidae (ca 626 specimens; 322 of which are types), but
Hancock et al. (1995) listed type material of Diptera in the
families Asilidae, Bibionidae, Bombyliidae, Calliphoridae (incl.
Rhiniidae), Ceratopogonidae, Mydidae (as Mydaidae), Neme-
strinidae, Platystomatidae, Sarcophagidae, Sciomyzidae, Strat-
iomyidae, Syrphidae, Tachinidae, Tephritidae (incl. Tachinisc-
idae), Therevidae, Tipulidae and Vermileonidae (as Rhagion-
idae). The Diptera material mainly originates from Botswana,
Cameroon, Democratic Republic of Congo, Malawi, South Af-
rica, Uganda, Zambia, Zimbabwe and Seychelles, with 83% of
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Diptera currently identified to species level and 17% to genus
level. All specimens are pinned and are preserved in 89 glass-
topped drawers in J.J. Hill cabinets.

The Rhodesia Museum was established in 1902, initially with
rooms in the Bulawayo Public Library. The Museum moved sev-
eral times between 1910 and 1960, when construction of the
current building began, which opened to the public in 1964.
In 1936 the Government acquired the museum and it was re-
named the National Museum of Rhodesia. In 1981, following
centralisation, the National Museum was renamed the Natural
History Museum of Zimbabwe and all natural science collec-
tions from elsewhere in the country were incorporated. The
Entomology Department was formally established in 1911, with
the first curator being the renowned hymenopterist George
Arnold (1881-1963), who served as Curator from 1917 to
1947, when he formally retired. He was replaced by Elliot
Charles Gordon Pinhey (1910-2000), who served as Keeper of
Invertebrate Zoology from 1955 until his retirement in 1980.
The only dipterist to be employed as Curator in the Museum
was D.L Hancock (appointed as lepidopterist with an under-
standing that he would also work on Diptera), who served from
1981-1986. During this period he concentrated on surveying
the Tephritidae fauna of Zimbabwe (also sampling Platystoma-
tidae and Diopsidae), later publishing an annotated check-
list of species (Hancock 2003), and on development of the
Tephritidae collection. Most other flies in the collection were
collected during general staff collecting trips or by interested
members of the public. The catalogue of Hancock et al. (1995)
indicates that Diptera material was examined and identified by
numerous leading dipterists, including C.P. Alexander, Michel
Bequaert (1890-1974), C.H. Curran, D.E. Hardy, AJ. Hesse
(see biography above), Bertram Maurice Hobby (1905-1983),
John Russell Malloch (1875-1963), H.K. Munro (see biography
above) and B.R. Stuckenberg (see biography above) (Fig. 77).
The collection of Tephritidae, which was largely built by D.L.
Hancock, is currently the subject of a digitisation project by M.
Mansell.

Plant Protection Research Institute, Harare (Department of
Agriculture, Salisbury)

The Diptera collection of the former Department of Agricul-
ture, Salisbury (then Southern Rhodesia), represents one of the
most significant historical collections of Diptera from Zimbab-
we. It was established by the Scottish dipterist A. Cuthbertson
(see biography above), who joined the Department in 1926,
with the earliest Diptera specimens dating from 1927.

The collection comprises 7,541 specimens of 1,328 species.
Sixty families of Diptera are included in the collection, with the
best represented being the: Tachinidae (1,054 specimens; 156
species), Muscidae (907; 164), Calliphoridae (incl. Rhiniidae)
(686; 97), Asilidae (600; 124), Tabanidae (454; 73), Syrphidae
(357; 55), Bombyliidae (354; 99), Tephritidae (317; 73), Cul-
icidae (311; 48), Tipulidae (incl. Limoniidae) (274; 57), Sarco-
phagidae (274; 52) and Diopsidae (229; 27). The collection
consists of specimens originating from Malawi (as Nyasaland)
and Zimbabwe (as Southern Rhodesia), but also includes spec-
imens from other countries, resulting from exchanges and
donations. The collection is especially rich in reared material,
resulting from Cuthertson’s research on biology and behaviour
and includes some type material.
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There are 40 donors of material in the Diptera collection
(based on specimen data labels), with significant local donors
being Bertram Durrell Barnes (1888-1969), A. Cuthbertson,
J.E. Drysdale, C.V. Messer and M.C. Mossop. Better known
international dipterists and collectors who contributed to the
collection include A.L. Bevis, J.H.)J.C.E. Brauns, C.H. Curran,
B. de Meillon, D.L. Hancock, H.K. Munro, H. Oldroyd, James
Jenkins Simpson (1881-1936) and H.G. Wood. All specimens
are pinned and are preserved in 52 glass-topped drawers in
J.J. Hill cabinets. The collection is well arranged (Fig. 115),

but has not been formally digitised. A detailed list of drawer
contents is available (S. Nyamutukwa, pers. comm. 2017).

Endnote

'Brandon was a magistrate in the former Zululand (later in
Lideritz, Namibia). He collected a tsetse in his courthouse and
donated it to the Durban Museum. This subsequently turned
out to be a new species and was published in 1915 (N.L. Even-
huis, pers. comm. 2015).

Figs 1.113-116. Examples of Diptera collections in West, Southern and East Africa: (113) part of insect collection, University of
Ibadan, Nigeria; (114) same, drawer of Sarcophagidae (inset detail); (115) drawer of Tephritidae, PPRI collection, Harare, Zim-
babwe; (116) Diptera collection store boxes, Vector Control Division, Entebbe, Uganda. Figs 113, 114 (photographs courtesy
A.A. Omoloye), Fig. 115 (photograph courtesy S. Nyamutukwa), Fig. 116 (photograph courtesy A.G. Masaba).
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COLLECTION AND PRESERVATION OF DIPTERA 2

Ashley H. Kirk-Spriggs

Introduction

This chapter is chiefly intended for students of dipterology,
to assist in applying the most effective techniques for sampling
and preparing Diptera. The chapter does not comprehensively
deal with all methods, as space does not allow it, nor does it
deal with collection curation and management.

Collecting and sampling techniques for insects, in general,
have been covered in a number of publications, e.g., Ford
(1973), Oldroyd (1970), although many techniques outlined
in these publications have subsequently been improved upon.
The British Museum (Natural History) (1900) published a guide
to collecting Diptera and various collecting techniques and

- Ak '.‘\
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methods are outlined in Chandler (2010). A comprehensive
account of techniques for collecting and preserving insects,
spiders and mites is provided by Martin (1977). Some tech-
niques for Diptera specifically were covered in Brown (2009:
1-7) and Marshall (2012: 549-555), but no comprehensive
chapters dealing specifically with collecting and sampling tech-
niques have been published in the previous regional Diptera
manuals. This chapter is based largely on personal experiences
of sampling and preserving Diptera in the Afrotropical Region
and elsewhere in the tropics and includes those methods the
writer has found to be most effective in sampling and preserv-
ing a wide range of fly families. Superscript numbers used in
the below text apply to the examples of equipment suppliers
as listed in the Appendix.
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Collecting

Flies are fragile and great care is required in their collection
and preparation if good quality specimens are to result.

Sweep netting

Sweep netting is a highly effective method for sampling Dip-
tera and can be used in most habitat types. The sweep net
(Fig. 1) is the basic piece of sampling equipment employed
by the majority of dipterists for general sampling and various
designs of nets are available' > > 7. Dipterists have their own
preferences as to which net design suits their needs best, but
the basic net comprises a sturdy wire or alloy frame, a wooden
or metal handle and a fine-meshed net bag. Dipterists who use
the net principally for netting individual flies generally prefer
a finer meshed net bag, while those who use the net primarily
for sweeping prefer a coarser net bag that is less likely to get
entangled in vegetation, or be torn by thorns, etc.

Sweep nets can be used to net individual, or swarming, flies
in flight or, more normally, to sweep through low vegetation
and the lower branches of trees, bushes and shrubs (Fig. 1).
The net can also be swept over leaf litter and other substrates,
or be used to sample directly from dung and other decompos-
ing animal or vegetable matter. Extraction of flies from the net
can be achieved, either by collecting the larger flies directly
into individual vials (e.g., Fig. 39), or by extracting smaller flies
with an aspirator (pooter)" 357 (e.g., Fig. 38). This latter nor-
mally requires placing the head into the net bag and holding
the apex of the net up towards the light while flies are aspirat-
ed from the net (Fig. 2). Some dipterists prefer to concentrate
flies in a net with a tube-shaped apex the same size as the
killing bottle, thus facilitating transfer of the entire catch into
a killing tube.

Another method of extracting flies from sweep net samples
(used for many years by hymenopterists), known as a “photo-
eclector”, is employed by some dipterists (Cerny & von Tsch-
irnhaus 2014, figs 1-3). This comprises a wooden box painted
black inside, with a funnel and emergence container. A sweep
net sample is placed into the black box and the lid (with the
funnel and emergence chamber attached) is replaced. Over
time flies then moved from the sample towards the light and
eventually end up in the emergence chamber. This method ap-
pears to extract more specimens and species from each sweep
net sample than use of an aspirator alone (Cerny & von Tschirn-
haus 2014).

Malaise trapping

The Malaise trap (Figs 9-14) can perhaps be regarded as
the single greatest advancement in the general sampling of
Diptera, and other flying insects, to have been developed in
the past eight decades. Since the Swedish entomologist René
Malaise (1892-1978) developed the first trap (Malaise 1937),
there have been numerous other designs, modifications and
improvements, but the principle of the Malaise trap remains
largely the same.

A Malaise trap is essentially a flight interception trap that
relies on the fact that many flying insects are positively helio-
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tropic (meaning they move towards the light). Marshall (1982)
noted, however, that many small flies rarely move to the apex
of the Malaise trap and thus are not captured. He noted that
pan traps placed under the barrier panel of the Malaise trap
collect larger numbers of some families of Diptera than either
the trap-head collecting device of the Malaise trap alone, or
pans deployed away from the trap. Malaise trapping catches
can, therefore, be optimised by using these two methods in
combination.

Whatever the design, a Malaise trap superficially resembles
a tent with open sides for insects to fly into and a tall barrier
panel that directs them upwards into a cylinder containing a
killing agent.

As an example of the effectiveness of Malaise traps in the
collection of a wide range of families, it is perhaps worthwhile
noting, that in the past decade or so the writer has sampled 96
of the 108 recorded Afrotropical families using this method,
including the rarely collected families Atelestidae, Marginidae
and Neminidae. The families not collected include those that
are exceedingly rare, or have limited habitat-specific distribu-
tions, or only occur in the inter-tidal zone, where such traps
are not normally deployed.

Selection of Malaise trap sites is important in maximising the
number of flying insects that pass through the opening of the
trap, and this must be largely determined by assessing the nat-
ural features of the site, such as topography, vegetation, wind
and presence of water.

As these traps mainly collect insects that fly close to the
ground, or around obstacles, natural corridors, or “flight
paths”, should be identified through which traps can be de-
ployed. Flight paths include, bush paths, forest trails, natural
clearings and edges, disused secondary roads, natural breaks in
the vegetation, streams and wadies, ephemeral river beds and
drainage channels (in arid areas). Of course, in open savanna
country and tropical forests where trees may be quite evenly
spaced, the positioning of traps is somewhat hit and miss, but
traps that are unproductive can always be moved elsewhere.

For ground sampling, two main Malaise trap designs are now
widely used by dipterists: the Townes-style trap (Townes 1962,
1972) and the Gressitt and Gressitt-style trap (Gressitt & Gres-
sitt 1962) and these shall be dealt with separately below. As
many insects are of course associated primarily with the for-
est canopy, specially modified “aerial Malaise traps” have also
been developed that can be hoisted into the canopy’.

The Townes-style trap™ > % %> 7 (Figs 9-11, 13) is approxi-
mately 2 meters in length, with a sloping roof and killing bottle
at one end. These traps are ideal for deploying across narrow
flight paths, such as breaks in vegetation between shrubs, bush
paths and across narrow stream beds. Several slightly different
designs are available commercially’ 2 >4 5. An alternative is to
have the netting component of the trap made by a seamstress
locally and then look for suitable components to construct
your own collecting heads.

The Cressitt and Gressitt-style trap®** (Figs 12—14) is consid-
erably larger (6 meters in length and at least twice the height)
and the opening of the trap has a surface area approximately
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Figs 2.1-8. General and passive sampling methods for Diptera: (1) use of a sweep net; (2) extraction of specimens from a sweep
net using an aspirator (pooter); (3) hanging “butterfly trap”, baited with fermenting fruit bait; (4) fogging forest trees with a
backpack mist sprayer; (5) fogging sheets to collect specimens below forest trees; (6) light trap (“sheeting”); (7, 8) emergence
traps deployed on stream margins. Figs 1, 2 (photographs K. Pannecoucke), Figs 4, 5 (photographs courtesy C. Haddad), Fig. 6
(photograph S. Otto), Figs 7, 8 (photographs courtesy M. Ivkovic).
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Figs 2.9-14. Examples of Malaise traps deployed in various habitat types: (9) Townes-style trap, deployed in Central Zambezian
Miombo Woodlands (Kafue National Park, Zambia); (10) same, deployed in disturbed Guineo-Congolian Rainforest (Likombo
Forest, Democratic Republic of Congo); (11) same, deployed in Acacia savanna (Florisbad, Free State, South Africa); (12) Gres-
sitt and Gressitt-style trap, deployed in Brachystegia woodland (Réserve Naturelle de Rumonge, Burundi); (13) Townes-style
trap (left) and Cressitt and Gressitt-style trap (right), deployed in Mountain Fynbos gully (Jamaka farm, Western Cape, South
Africa); (14) Gressitt and Cressitt-style trap, deployed in Rift Valley Afromontane forest (Parc National de la Kibira, Burundi).
Fig. 13 (photograph © S.A. Marshall).
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10 times greater than that of the Townes-style trap (both sides
considered). The killing bottles are much larger and are po-
sitioned at both ends. These factors combined result in cap-
tures that are exponentially greater. Traps are expensive, but
well worth the investment. They are available from a number
of equipment suppliers, but those supplied by John W. Hock
are consistently good®>. When purchasing a trap it is best to
stipulate that the trap should be fine-meshed and preferably a
dark colour. It is also best to purchase traps with alcohol heads
rather than dry heads, as these are suitable for both wet and
dry sampling.

The trap is specifically designed to be strung between two
trees and it is important, when selecting a site, to ensure that
the trees are not too far apart, or too close together. The trees
selected should also have a suitable fork or branch at the cor-
rect height and thickness to support the trap. Another factor
is to ensure that both bottles are in direct sunlight if possible.
One end of the trap invariably collects better than the other
and it is usually the one in better light. Once a suitable flight
path and trees have been selected the main supporting ropes
can be tied to a suitable flat stone or heavy piece of wood and
be lobed over the fork or branch and hoisted up. Some shifting
from end to end is usually required to get the trap at the cor-
rect height, but once this is done the other ropes used to hold
the trap open can be unfurled and tied to suitable branches,
vegetation, or large stones (dependant on what is available).
It is advisable to add plastic covers over the collecting heads
of Malaise traps (Figs 13, 14), as these may leak during heavy
downpours and thunderstorms.

There are two general approaches to sampling with Malaise
traps: dry and wet sampling. Wet sampling is very straightfor-
ward and 70% or 96% ethanol is added to the collecting bot-
tle/s of the trap. This method is widely used for most general
Malaise trap sampling, especially if traps are deployed in re-
mote areas, or if long-term sampling is undertaken.

For dry sampling a killing agent (preferably hydrogen cya-
nide, although Vapona strips are also effective) is added to the
collecting bottle/s and the trapped flies are collected dry in
layers of tissue paper. A convenient dispenser for hydrogen
cyanide is a film canister-sized plastic pot in which hydrogen
cyanide is first placed and is then covered in plaster of Paris.
The lids of the pots should have a circular hole cut through
and have fine-meshed netting glued across. Pots must be kept
moist and a few drops of acetic acid can improve the release of
the cyanide gas. Dry traps need to be regularly serviced, usual-
ly in the early morning and late afternoon, but also at noon un-
der very hot or dry conditions. The trap contents are emptied
into a relaxing container and the flies are sorted and pinned
dry (see sections below). The disadvantages of this method are
that traps need to be accessible and must be serviced regularly.

Pan trapping

The use of pan traps of various colours to sample insects is
now quite widespread practice among entomologists in vari-
ous disciplines (e.g., Cambell & Hanula 2007). Pan traps are
effective for the sampling of a range of Diptera families, es-
pecially saprophagous flies in moist areas. If traps are placed
on posts, or otherwise raised, they may also be effective for
anthophilous groups. Yellow pans are most widely used, but

blue and white pans are also productive and often collect dif-
ferent species. Any container of any size can be used, but plas-
tic bowls are widely used and can be purchased cheaply direct
from the manufactures'”.

Propylene glycol, a slow evaporating alcohol, can be used as
a preservative for long-term pan trapping, but is expensive and
less effective for smaller acalyptrates, probably due to its high
surface tension. The use of water (plus sodium benzoate, salt,
or other preservatives), with a few drops of detergent to break
the surface tension is highly effective, but traps should be ser-
viced regularly to prevent captured specimens from bloating
and splitting. One drawback of this method is that specimens
collected in this manner are generally not suitable for later
DNA extraction (whereas with propylene glycol they are).

The main drawbacks associated with pan trapping are:
flooding, following excessive rainfall, wind, theft and distur-
bance by domestic and wild animals. Holes can be punched in
the rims of pan traps, so they drain without the loss of material
and pans may be covered by screening to prevent flooding,
but in the latter case this may result in a drop in trap efficiency.
Traps can also be prevented from being blow away by secur-
ing them with pegs or a few rocks placed more or less evenly
around the rim.

It is best not to place pans in areas where domestic livestock
and wild animals are active. Pans tend to be deployed along
paths that are also frequently used by livestock and, as a conse-
quence, pans may be tipped over. Primates (especially Vervet
monkeys and baboons), can be a menace, and once they have
discovered a line of pans, will move systematically from one to
the next turning each over and spilling the contents.

Light trapping

For the general entomologist, light trapping is an essential
method for capturing a range of insects in many orders, but is
not generally used as a major sampling technique by most dip-
terists. Light trapping is, however, often highly productive for
Diptera, especially during the few hours following dusk, when
many crepuscular species are active. Some species, or even
families, of flies are strictly nocturnal (e.g., Ctenostylidae and
Pyrgotidae) and light trapping is, therefore, the most produc-
tive technique for their capture. No two night’s light trapping
are the same in terms of species and trap catches also vary
widely from site to site and from season to season. In general,
tropical areas are most productive, but trapping in any habitat
is a worthwhile exercise.

Perhaps the best method of light trapping for general Diptera
sampling is known as “sheeting”, in which a white bed sheet
is strung between two poles, or is tied to other suitable nat-
ural supports (trees or shrubs). A mercury vapour bulb (MV),
or black light, is hung in front of the sheet supported by a
pole, powered either direct from the mains supply, if close to
buildings, or by a portable generator in remote areas (in the
case of MV lights), or by a 12 volt or motorcycle battery (for
black lights). The sheet should not end at ground level, but be
extended out onto the ground and can be held in place by
a few large rocks to prevent the sheet blowing around. Care
should be taken in the position of the light source. It should
be positioned in the centre of the sheet, but should not be

COLLECTION AND PRESERVATION OF DIPTERA 2



touching. MV bulbs get hot and the sheet can scorch, or even
burn. Larger flies coming to light can be captured in individual
glass vials and smaller flies can be collected direct off the sheet
using an aspirator (Fig. 40).

Sheeting is advantageous in several ways: the sheet acts as
a reflector, thus increasing the illuminated area; it is easier to
capture flies against a white background; and the collector has
the option to precisely select those flies to be captured as soon
as they appear. The disadvantages are: the sheet needs to be
regularly serviced; locating flies among a mass of other insects,
especially moths, is often problematic; and MV bulbs have a
habit a cracking, or shattering, even with a very light downfall
of rain.

Emergence trapping

Emergence traps> > 7 are another often productive means of
sampling flies (Figs 7, 8). Various designs are employed, but the
basic trap is a conical frame, with fine-meshed netting on the
slides and a collection bottle at the top. Marshall (2012: 553,
foreground) illustrates a superior design of emergence trap that
covers a greater surface area and has been used to effectively
sample a wide variety of flies. Emergence traps can be placed
over virtually any kind of substrate or potential breeding me-
dium, but these traps are used more extensively to sample
aquatic flies as they emerge. Following eclosion emergent flies
enter the trap and move towards the collection bottle.

Baits, bait traps, sprays and lures

A range of flies are attracted to various natural or synthetic
baits. These can be divided into three major groups: products
of fermentation; products of vegetable decomposition (includ-
ing dung); and products of animal decay. Flies visit such baits
either to lay their eggs (or living larvae) for breeding purposes,
or in the case of gravid female flies, for a protein meal required
for maturation of developing ova.

Of particular attractiveness are fermenting liquids, due
to the alcohols, esters and similar organic compounds that
are released. An amazing array of flies (e.g., Anisopodidae,
Aulacigastridae, Anthomyiidae, Curtonotidae, Calliphoridae,
Drosophilidae, Heleomyzidae, Micropezidae, Muscidae, Ner-
iidae, Platystomatidae, Stratiomyidae, Sarcophagidae, etc.),
can be captured using a simple fruit bait mixture of mangoes,
bananas and/or guavas, mixed with a little sugar and brew-
er’s (or baker’s) yeast, which is then left in a warm place to
ferment. Various other decomposing baits, including carrion
(decomposing fish appears to work best), dung or faeces and
decomposing fungi, can also be used to attract flies. Such baits
can be left in natural situations (e.g., smeared on leaves and
fallen tree trunks), to be checked on a regular basis for flies, or
can be used in passive traps.

A simple passive trap to deploy such baits is the hanging
“butterfly trap” (Fig. 3). These traps were originally developed
for the trapping of butterflies and are available commercially*
7. A cheaper alternative is to make your own using flower pot
holders, fine netting and wire. Only a small gap is left at the
bottom of the trap into which flies enter and are then unable
to escape. Trapped flies can be extracted either by removing
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the base of the trap and removing the flies with vials or an as-
pirator, or the entire trap can be placed in a bag with hydrogen
cyanide.

Flies are also frequently attracted to other sweet liquids and
a common method of sampling flies, especially in tropical for-
ests, is to make a mixture of honey, water and cola (carbonated
drink) and spray the solution onto leaves or fallen tree trunks
with a mist-sprayer. These sites are then checked regularly for
alighting flies. This method appears to generally be less pro-
ductive in the Afrotropics than in other zoogeographical re-
gions of the world, although effectiveness of these “artificial
honeydew” sprays may be humidity-related and the method is
probably more effective during the rainy season in more tropi-
cal regions (S.A. Marshall, pers. comm. 2015).

Various synthetic lures are now commercially available to
monitor fruit flies (Tephritidae) of phytosanitary significance.
Most of these are male-only parapheromone (i.e., chemicals
not naturally used in intraspecific communication, but elicit re-
sponses similar to true pheromones) attractants (Cunningham
1989). These include: Cuelure'®, Methyl eugenol'*, PheroLure
(ECOlure™), Terpinyl acetate', Trimedlure', etc. All of these
will sample only a limited range of species, often within a par-
ticular genus (Anonymous 2013). These lures are deployed in
the field using various trapping devices (Anonymous 2013) and
flies can either be killed using Dichlorvos strips and be sampled
dry for later pinning, or traps can be charged with propylene
glycol to preserve specimens in spirit. In addition, there are
also female-biased synthetic food lures that attract a wider
range of fruit fly species.

Fogging

Fogging (often termed canopy fogging) is a method by which
a pyrethrum-based insecticide (usually mixed with oil or water)
is released into the canopy of trees, using a mist-blower and
the drop down catch is collected using plastic or cloth sheets
arranged below (Figs 4, 5). Fogging is not widely used by gen-
eral collectors, but is a very effective means for the sampling of
canopy-inhabiting flies, with the Diptera ranking fourth among
other orders sampled (see review in Kirk-Spriggs & Stucken-
berg 2009: 164-165). Sampled insects are normally removed
from sampling sheets by use of a hand-held car vacuum clean-
er and the catch is preserved in ethanol for later sorting.

Hilltopping

Hilltopping is a phenomenon, apparently restricted to in-
sects, in which males and virgin, or multiple-mating females,
instinctively seek a topographical summit in order to mate.
Flies often congregate at such sites and visiting isolated hilltops,
usually in the early morning, can prove highly productive for
the collection of flies. Skevington (2008: 1800), for example,
lists 34 families of Diptera (not all of which are Afrotropical),
that have hilltopping species. There are less data on hilltopping
flies in Africa than for other regions, but hilltopping has been
recorded for African butterflies (e.g., Lawrence & Samways
2002) and there is nothing to suggest that this phenomenon
does not occur regularly for flies in the Afrotropical Region, at
least under favourable conditions.
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Preservation and preparation of
specimens

Equipment for preparation of Diptera

The following basic tools are those preferred by the writer
(other dipterists may prefer other equipment): dry bath incu-
bator'? (used for hot maceration of fly terminalia; terminalia
can also be macerated cold) (Fig. 15); spirit lamp' (used to
prepare genitalia vials, if preferred) (Fig. 16); plastic relaxing
pots, with tight-fitting lids (used to relax specimens) (Fig. 17);
pinning stage' (used to stage specimens and append labels
at the correct heights) (Fig. 18); Seccotine glue® (used to glue
specimens to point-mounts, pins, repairs, etc.; many alterna-
tive adhesives are available) (Fig. 19); glass vials with poly-
thene stoppers (3 sizes: 10 ml?, 7.5 ml?, 2.5 ml°; used for per-
manent storage of spirit-preserved flies) (Figs 20-22); 50 ml
centrifuge tubes with screw caps'® (used for field preservation
of Malaise trap residues, coloured pan trap samples, etc.) (Fig.
24); surgical (scalpel) blades™ (used to trim Nu-poly strips
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when double-mounting specimens) (Fig. 25); excavated glass
blocks' (used for genital dissections and for slide preparations)
(Fig. 26); Petri dishes (used to sort small spirit samples) (Fig.
27); watchmaker’s forceps' ? (size 4 used to micro-pin speci-
mens, etc.; size 5 for genital dissections) (Fig. 28); stork-billed
(featherweight) forceps™ % > 7 (used for sorting spirit samples
and handling delicate specimens) (Fig. 29); camel hair brush
(used to clean or transfer delicate specimens) (Fig. 30); glass
pipettes (used for decanting chemicals and for filling genitalia
vials) (Fig. 31); plastic sorting trays (of various sizes, used to
sort larger spirit samples) (Fig. 32); glassine envelopes (used
for dry preservation) (Fig. 33); glass slides and cover slips
(used to slide-mount specimens) (Fig. 34); aspirator" > 37
(used to collect smaller Diptera) (Fig. 38); modified tropical
vials® (used for field collection of Diptera) (Fig. 39); Nu-poly
strips' (used to double-mount micro-pinned specimens) (Figs
54, 55); continental length stainless steel and black tempered
insect pins" %% ' (Nos. 1, 2 and 3; used for direct-pinning,
staging, point-mounting, etc.); micro-pins (minutens)' > ¢ '8
(Nos. 10, 15 and 20; used to micro-pin specimens in the field).

e
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Figs 2.15-34. General equipment for specimen preparation: (15) dry bath incubator; (16) spirit lamp; (17) plastic relaxing con-
tainer, with tight-fitting lid; (18) pinning stage; (19) Seccotine glue; (20-22) glass vials with polythene stoppers (3 sizes: 10 ml,
7.5 ml, 2.5 ml); (23) Eppendorf vial; (24) 50 ml centrifuge tube with screw cap; (25) surgical (scalpel) blades; (26) excavated
glass block; (27) petri dish; (28) watchmaker’s forceps; (29) stork-billed (featherweight) forceps; (30) camel hair brush; (31)
glass pipette with rubber teat; (32) plastic sorting tray; (33) glassine envelope; (34) glass slide (and cover slips; not illustrated).
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Chemicals for preparation of Diptera

The following chemicals are those preferred by the writer to
preserve and prepare specimens: 2-ethoxyethanol (for prepa-
ration of dry-pinned specimens from ethanol); acetone (for de-
greasing specimens); Canada balsam or Euparal ® (mounting
media for slide-mounting; Canada balsam is less widely used
today, but is still a recommended mounting agent for some fly
groups); clove oil or cedarwood oil (to clear specimens dur-
ing slide preparation); ethanol (for permanent preservation of
specimens and genital dissections, etc.); ethyl acetate (to kill
specimens in the field and for specimen preparation); glacial
acetic acid (for genital dissections); glycerine jelly (to embed
specimens for examination and illustration; some dipterists now
use hand sanitiser gel, which serves the same purpose); glyce-
rol (for temporary slides and genitalia vials); p-chlorocresol
(to prevent mould growth in pinning boxes and trays); potas-
sium cyanide (to kill insects in dry Malaise trapping); potassium
hydroxide (caustic potash) (to macerate specimens for genital
dissections; lactic acid is widely used by many dipterists and
serves the same purpose); propylene glycol (preservative in
pan traps and other trap types); silica gel (to dry specimens
in the field).

Dry preservation

Only certain groups of flies should be preserved dry for gen-
eral taxonomic purposes. These include the majority of the
Cyclorrhapha and certain families of lower flies (e.g., Tipul-
idae, Simuliidae, Mycetophilidae and Keroplatidae), but this
is dependent on the preferences of individual specialists. The
majority of lower flies should, however, be preserved in etha-
nol for later slide-mounting (see below).

Diptera that are preserved in a dry state become dry and
brittle after only moderate exposure to the air and can only
be safely pinned when suitably relaxed. The best results are,

therefore, obtained by pinning flies as soon as they are dead or
shortly after. Flies to be pinned must, therefore, be retained in
a relaxed state if these are to be later pinned without damage.

Keeping dry specimens relaxed

Specimens collected dry in Malaise traps, hanging traps,
or by sweeping, etc., can be kept moist and pliable for pin-
ning purposes by storing in relaxing containers, both before
and after the initial sorting and selection of specimens to be
pinned has taken place (see below). The use of various chem-
icals to keep specimens relaxed, such as ethyl acetate, may
affect specimens later selected for DNA extraction, so should
be avoided.

Plastic pots with tight-fitting lids are ideal (Fig. 17). A wad
of folded toilet tissue can be pressed into the base of the pot
and then dampened (not saturated), with a few drops of tap
water. Ten or 15 sheets of tissue are then wrapped around the
hand to form a wad that is loosely inserted above. The pot is
then left in a warm place for an hour or so. Before the relaxing
container is used (each time), it is important to check that the
enclosed tissue paper has not become saturated. If so, an ad-
ditional wad of tissue can be added directly on top. The inside
walls of the pot and lid should also be dried with clean tissue
each time the container is used otherwise small specimens will
stick and become damaged.

Dry specimens from traps can then be emptied directly into
the relaxing container and will stay relaxed until initially sorted
and pinned. Specimens should not be left for protracted peri-
ods, or moulds will develop.

Initial sorting of dry specimens

Once a Malaise trap has been serviced and the dry specimens
emptied into the relaxing container, the specimens must then
be initially field-sorted, in order to separate those specimens

Figs 2.35-37. Field-pinning and examples of field-pinned specimens: (35) micro-pinning specimens in the field (Democratic Re-
public of Congo); (36) four plastic trays of micro-pinned Diptera (and other insects) from Madagascar; (37) box of direct-pinned
Diptera (and other insects) from Democratic Republic of Congo. Fig. 35 (photograph R. Meier).
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to be immediately dry-pinned from those to be preserved in
ethanol. Such field sorting must be undertaken out of direct
sunlight and in an absolutely wind-still environment, as very
tiny flies (e.g., Cecidomyiidae and Sciaridae), are prone to
rapid desiccation and to be blown away, even by the slightest
breeze.

Procedures followed for field-sorting dry samples:

1. All or part of the sample (dependent on its size) is tapped
out of the relaxing container (Fig. 17) onto a cleaned and
thoroughly dried sorting tray (check through tissue layers
for any specimens missed).

2. All butterflies and moths should then be removed before
they drop additional scales.

3. By use of stork-billed forceps (Fig. 29) the sample is then
gently sorted through in a systematic manner.

4. Specimens to be pinned are gently lifted by the wings
and placed in clean and dried relaxing containers (one
for specimens to be direct-pinned and one for micro-pin-
ning).

5. Once all the obvious flies have been removed check
through the tray again for any smaller flies that may have
been missed.

6. Once all the flies to be dry-pinned have been removed,
the remainder are then carefully tapped onto glossy pa-
per and transferred direct into a centrifuge vial (Fig. 24)
of ethanol.

7. Afield data label is added to the vial written in pencil.

8. Oncesorted, it is advisable to leave relaxing containers for
half an hour, or so, to allow further relaxing before pinning
is begun.

Direct-pinning

Direct-pinning is the process whereby larger Diptera speci-
mens are pinned directly though the thorax from above, using
rigid and sharp stainless steel continental length pins (see be-
low). The process of direct-pinning is straightforward enough,
but requires a steady hand.

Direct-pinning with a continental pin thinner than a No. 1
is not advised. No. O pins are far too thin and bend easily and
are not sufficiently thick to hold the labels in place and prevent
these from swinging around, or becoming loose.

Only freshly killed, or suitably relaxed, specimens should be
prepared in this way. Pinning specimens previously preserved
in alcohol does not work effectively, as these specimens no
longer retain the necessary body fluids, fats and oils within the
thoracic cavity to adhere the specimen to the pin and subse-
quently swivel around uncontrollably. An alternative means of
pinning larger “ex alcohol” specimen is to glue these to a pin
(see below).

Choice of pins

There are no hard and fast rules as far as pinning specimens
is concerned, but the selection of the correct pins in the prepa-
ration of specimens is important. For direct-pinning, continen-
tal length, nylon-headed, stainless steel pins are preferred (siz-
es No. 1, 2 and 3 cover most dipterological needs). Although

a cheaper alternative, black tempered-steel pins should not be
used to pin directly through a specimen, as these pins (even if
of good quality), are subject to corrosion, especially in humid
climates. Likewise, brass pins are unsuitable, as these form ver-
digris, which may eventually damage and split the specimen.
Black nylon-headed, tempered-steel continental pins are used
as a cheaper alternative to pin through point-mounts and spec-
imen stages only.

Procedures followed for direct-pinning:

1. Tap out a small selection of flies to be pinned from the
relaxing container onto the pinning box or tray.

2. The specimen selected is carefully lifted by a wing using
watchmaker’s forceps (Fig. 28).

3. The specimen is lightly gripped between the index finger
and thumb, dorsal side uppermost (Fig. 49).

4. Acontinental, stainless steel pin is carefully inserted slightly
off centre of the thorax, care being taken to pin the spec-
imen straight on the pin (it is unavoidable in some cases
that the pin will detach a leg, as this may exist through a
coxal cavity and in such cases the detached leg should be
retained, either glued to the pin immediately below, or
preferably, to a mounting card pinned beneath) (Fig. 50).

5. Holding the head of the pin, the specimen is gently raised
to the appropriate height on the pin from beneath, using
watchmaker’s forceps (Fig. 51), care being taken not to
damage the legs and setation (enough space needs to be
left above the specimen to grip the pin with the fingers
without touching the specimen, but with sufficient room
below to hold all the labels). No attempt should be made
to arrange legs, or other body parts, as this can lead to
damage.

6. Following direct-pinning the specimens can be pinned
into a store box with a tight-fitting lid and a field label
added at the end of the series (Fig. 37).

Micro-pinning

In the case of fresh specimens that require dry-mounting,
but are too small to be direct-pinned with a pin smaller than a
No. 1 continental pin, these can be micro-pinned using head-
less, stainless steel micro-pins (also known as “minutens”).
Three sizes of micro-pins are now widely available, Nos. 20,
15 and 10 (the finest). Black-tempered steel micro-pinned
should again be avoided as these may corrode.

Micro-pins come in a jumbled mass when supplied and it
is advisable to pin an ample supply ahead of each fieldtrip
into flat trays (see Fig. 35, foreground). This makes for easier
handling and pinning and prevents spillage of expensive pins
in the field that cannot be easily retrieved (a magnet is useful
however).

An excellent storage method for Diptera specimens micro-
pinned in the field is to pin these direct into flat Perspex trays
(dimensions 125 x 80 x 20 mm), that have been previously
lined with plastazote (closed cell, cross-linked polyethylene
foam) (Fig. 36). These are available from a number of equip-
ment suppliers’ ® and can be purchased with, or without, plas-
tazote inserts. Specimens can be quite closely packed in these
trays and hundreds of pinned flies can be stored in a very small
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Figs 2.38-48. Equipment and techniques for preparing Diptera: (38) aspirator (pooter), used to collect smaller Diptera; (39)
modified tropical dry collecting tube (note bored hole in polythene lid and muslin insert); (40) use of the aspirator to sample
from light sheet; (41-44) procedures followed for point-mounting Diptera: (41) Seccotine glue adhered to point-mount using
pin; (42) fly specimen placed on point-mount using watchmaker’s forceps; (43) specimen orientated into correct position; (44)
completed point-mounted specimen with associated labels added (Curtonotidae); (45-48) procedures followed for chemical
preparation of Diptera from ethanol: (45) fly specimens placed on tissue paper to absorb excess ethanol; (46) specimen placed
in vial containing 2-ethoxyethanol using stork-billed forceps; (47) 2-ethoxyethanol decanted from vial using glass pipette; (48)
ethyl acetate decanted into vial using glass pipette. Fig. 40 (photograph D. Dudgeon), Figs 41-48 (photographs M. van Rens-
burg).

MANUAL OF AFROTROPICAL DIPTERA — VOLUME 1
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space (Fig. 36). The trays stack well and can be held together
with an elastic band during transportation.

It is a good idea to select one such tray, with a relatively
thick plastazote insert, as the “pinning tray” and to undertake
all initial pinning on this tray alone. When a short series of flies
has been amassed in the pinning tray these can then being
transferred to a separate tray for storage.

Filled pinning trays should be kept as cool as possible while
in the field and should never be left in direct sunlight with the
lids on, as this causes condensation to form and for the spec-
imens to “steam” and become greasy. The tray lids must be
regularly opened to allow specimens to dry out. Open trays can
be exposed to direct sunlight to air-dry, but then these should
be covered with netting to prevent living flies (Muscidae and
Sarcophagidae are particularly troublesome), from alighting
on and damaging specimens and must also be placed in an
“ant-free” environment. Freshly exposed specimens may also
be subject to infestation by the phorid Megaselia scalaris (Loew)
(Kirk-Spriggs & Marais 1999), whether covered in netting or not.

A far safer way to dry specimens in the field is to carefully
place each open tray or store box in an appropriately sized
sealable plastic bag in which indicator silica gel has been
placed. Care should be taken that the seals of the bags are fully
closed, if not, disastrous ant infestations may result. Indicator
silica gel should be replaced daily, especially during the first
few days of the drying process. Indicator silica gel generally
comes in the colours purple or yellow. Purple silica gel turns
pink when saturated and is preferred, as saturation is easier to
discern than for yellow silica gel, which turns white.

To prevent moulds from developing in humid climates, a few
crystals of p-chlorocresol can be placed between short lengths
of folded sticky tape and be pinned into the corner of each tray
or box. This method is highly effective in mould prevention.

Procedures followed for micro-pinning:

1. Tap out a small selection of flies to be pinned from the
relaxing container onto the pinning tray.

2. Select a specimen to be pinned, and using watchmaker’s
forceps (Fig. 28), gently position the fly onto its right side.

3. Select a suitably sized micro-pin from the sizes available
(Fig. 35).

4. Lightly secure the fly in place with the index finger, and
with the forceps, insert the micro-pin cleanly, diagonally
(obliquely) through the fly’s thorax (thus not damaging the
same thoracic pleura on the two sides).

5. When a series of flies have been pinned these should be
gently blown from several angles to dislodge any Lepidop-
tera scales and can then be transferred to a storage tray
(for later staging).

6. Add a field label to the tray, or series, providing details of
the locality, date of capture and collecting method (e.g.,
Figs 36, 53).

Double-mounting (staging)

Double-mounting, or staging, refers to micro-pinned spec-
imens that are secondarily double-mounted onto a support,
or “stage”. This method has several advantages: it allows the

79

specimen to be easily viewed from most angles, the white
background of the mounting strip reflects light when viewing
the specimen and the staging material helps cushion speci-
mens against damage, through sudden jolts, or excessive and
prolonged motion (e.g., during protracted periods in the postal
system). One disadvantage of double mounts is that specimens
are more prone to breakage when removing the abdomen
for dissection (relative to point-mounts) and unless specimens
were micro-pinned obliquely through the thorax important
ventral characters cannot be easily viewed.

In the past, Polyporus, the white pith of the bracket fungus
found on oak trees, was used as a staging medium, but this
is subject to deterioration over time and permanent synthet-
ic alternatives are now available. By far the best currently on
the market is Nu-poly', as the strips are uniformly cut and the
material is sufficiently dense to hold No. 10 sized micro-pins
firmly in place. These are also packed in Perspex boxes with
tight-fitting lids that are later useful for the storage of labels,
pins, specimens, etc.

Procedures followed for double-mounting (staging):

1. The uncut mounting strip is placed on the flat surface of a
bench (narrow side uppermost).

2. A micro-pinned specimen is carefully removed from the
pinning tray with watchmaker’s forceps (Fig. 53) and is
partially inserted into the mounting strip (the head or an-
tennae should not overlap in front) (Fig. 54).

3. A nylon-headed, black-tempered steel continental pin
(Nos. 2 or 3) is partially inserted into the strip posterior to
the specimen (close, but not touching).

4. The strip is lifted by the continental pin and pushed
through to the second highest level of the pinning stage
(Fig. 55).

5. While the pin is still in the stage, the strip is neatly cut
transversely across, using a sharp scalpel blade or razor
blade (Fig. 56).

6. Holding the trimmed mounting strip between the index
finger and thumb, the micro-pin is gripped beneath the
specimen using watchmaker’s forceps and is carefully
inserted deeper into the stage (the specimen should be
inserted close to the stage, but no part of the specimen
should touch) (Fig. 57).

Point-mounting

Point-mounting entails the gluing of smaller dry specimens
onto the tip of a triangular card cut for the purpose. Preparation
of specimens this way is generally faster than double-mounting
and has the advantage that the ventral side of the specimen
is clearly visible. It is also often easier to snap off the abdo-
men of point-mounted specimens, while double-mounted
specimens are prone to spinning or breakage when the ab-
domen is levered off. There are two main disadvantages with
point-mounting: firstly, as one side of the thorax is glued to the
point the characters on that side are obscured, and secondly, a
point-mount does not offer much protection for the specimen
(although the attached labels help).

Special card punches, similar to those used to punch railway
tickets, are available commercially® to cut point-mounts of a
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Figs 2.49-58. Procedures followed for direct-pinning and double-mounting (staging) of Diptera: (49-52) direct-pinning of Dip-
tera: (49) specimen gently held between index finger and thumb; (50) continental length stainless steel pin pushed through
thorax from above; (51) specimen raised to correct height on pin; (52) pinned and fully labelled direct-pinned specimen
(Anthomyiidae); (53-58) double-mounting (staging) of Diptera: (53) specimen to be double-mounted carefully removed from
pinning tray; (54) carefully pinned in Nu-poly mounting strip; (55) continental length black tempered pin with nylon head
pushed through strip to appropriate height using pinning stage; (56) strip neatly cut transversally using sharp scalpel blade;
(57) micro-pin inserted deeper into stage; (58) pinned and fully labelled double-mounted specimen (Ephydridae). Figs 49-58
(photographs M. van Rensburg and C. Venter).
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uniform size and several sizes are available. These enable a
large number of point-mounts to be cut quickly and neatly.
Pre-cut point-mounts are also available from some equipment
suppliers, but are only supplied in one size and have the apex
of the point rounded-off, making the gluing of smaller speci-
mens problematic.

According to personal preference, point-mounts may be cut
“acutely” (usually for minute specimens), “truncate”, “down-
curved” at the tip, or “stepped” at the tip.

The correct glue used to attach specimens to the point-
mount is also important. Seccotine, or other hoof and bone-
based adhesives that are water soluble, are probably best.
Clear nail varnish is not recommended, as formerly advised in
many South African universities, as this is subject to cracking,
distortion and discolouration over time (museum specimens
prepared using nail varnish must, in most cases, be immersed
in acetone to be re-mounted).

Procedures followed for point-mounting:

1. Punch a selection of sizes of pre-cut point-mounts using a
point punch and pre-pin.

2. Line up a series of specimens to be point-mounted.

3. With a continental length pin, add a blob of Seccotine to
the tip of the point (Fig. 41).

4. With watchmaker’s forceps, carefully lift the specimen by
the wing and gently place the thorax onto the glue (Fig.
42) (alternatively, for speed mounting the glued point-
mount can simply be touched against the specimen).

5. Carefully press the specimen into the glue, taking care not
to pierce the cuticle or damage setation.

6. While the glue is still wet, straighten and orientate the
specimen onto the point-mount using a pin or forceps
(Fig. 43).

Gluing specimens to pins

While smaller specimens prepared using critical-point-drying
and chemical methods (see below) can be glued to point-
mounts (see above; Figs 41-44), larger specimens are nor-
mally glued directly to stainless steel, continental length pins.
Some dipterists prefer to glue all specimens to pins (even when
field mounting), which saves money and field box space, but
point-mounting is generally preferred for smaller specimens, as
the ventral side is easier to view on point-mounted specimens.

Papering

Flies of the superfamily Tipuloidea are notorious for losing
their legs. Various means of preventing this are employed by
specialists in this group (mostly the folding away of legs while
specimens are still relaxed). An alternative for the non-specialist
is to place specimens in individual glassine envelopes' 2 in the
field (Fig. 33). Again appropriate field labels need to be added
to each packet. These can be transferred to transparent enve-
lopes in the collection, allowing easy examination.

Degreasing specimens

Some dry-pinned specimens invariably become greasy as
oils and fats from within the body leach through the cuticle

and obscure vestiture, etc., and some genera of flies appear
to be more prone to this than others (e.g., Bengalia Robineau-
Desvoidy in the Calliphoridae). Specimens can be degreased
by immersing the entire specimen in acetone overnight. For
larger flies the acetone may need to be changed several times
over subsequent days in order to fully degrease the specimen.
It is important that all labels be removed beforehand and that
the nylon head of the pin be not immersed in the acetone, as
this may dissolve.

Slide-mounting

Specialists in various families have developed different tech-
niques for the slide-mounting of their respective groups of
study, but the basic procedures for maceration, clearing and
slide-mounting are relatively standard. What differ are the
parts of a specimen that are dismembered and the orientations
in which they are mounted on a slide (Figs 66-68). The ex-
ample provided below refers specifically to the slide-mounting
of the Chironomidae, following Andersen et al. (2013), but
should serve as a general guide for slide-mounting other whole
flies.

For many Diptera families, especially the traditional Nema-
tocera, specimens need to be mounted with care on micro-
scope slides to enable proper examination at high magnifi-
cations. Slide mounts may be either “temporary” or “perma-
nent” mounts, dependent on the purpose. Temporary mounts
are sufficient for identification alone and in some groups are
obligatory, as multiple viewing angles are required and prepa-
rations are easily stored in genital capsules or vials. Permanent
mounts are customary for some groups and are often better for
high magnification microscopy.

Procedures followed for preparation of permanent slide
mounts of ethanol preserved specimens:

1. Label the microscope slide using no more than ; of the
slide area.

2. Parts that do not need maceration are dissected off the
body and placed in Euparal ® or Canada balsam under
appropriately sized cover slips. This can be done directly
from 96% ethanol for Euparal ®. For Canada balsam the
parts must first pass through ethanol layered with cedar-
wood or clove oil. For Chironomidae the parts that are
mounted at this stage are wings, antennae and one set
of legs. Antennae are often placed under the same cover
slip as legs.

3. The remainder of the specimen is macerated in warm
10% potassium hydroxide (KOH) solution in a dry bath
incubator (Fig. 15) or glass Petri-dish (Fig. 27) on a hot
plate for five or 10 minutes, until cleared.

4. The specimen is removed and placed into glacial acetic
acid for five minutes, then transferred to distilled water
for 5 minutes.

5. The specimen is transferred to 75% ethanol for 10 min-
utes and 96% or absolute ethanol for 15 minutes.

6. The specimen is transferred to ethanol layered over either
by cedarwood or clove oil for 15 minutes (if Euparal ® is
used the cedarwood or clove oil stage can be omitted).

7. Thespecimenisdismembered sothatthe remaining constit-
uent parts (according to group) can be mounted separately
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under different cover slips. For the Chironomidae three
additional cover slips usually suffice, with the head be-
neath one, abdomen with terminalia beneath one and
thorax with one set of legs beneath the last cover slip.
Associated reared larval and pupal stages should also be
mounted on the same slide under separate cover slips.

8. The relevant parts are mounted in a small droplet of Can-
ada balsam or Euparal ®, on a clean microscope slide.
The constituent parts are orientated to the correct position
using a pin and a cover slip is gently lowered at an angle
using a pair of fine forceps to avoid air bubble formation.

9. Once all constituent parts have been mounted the slide
can be allowed to dry, preferably in a drying oven.

Alternatively, if DNA is extracted from whole specimens us-
ing enzyme digestion in lysis buffer, the cleared exoskeleton
can be added to the ethanol in point 5 (above).

Micro-slides

In some instances it may be necessary to prepare slides of
the terminalia or other structures of dry-pinned flies (phallus,
spermathecae, the female postabdomen, etc.). As it is advisa-
ble to keep these structures associated directly with the spec-
imen concerned, rather than a separately stored microscope
slide, the micro-slide serves this purpose (see Oldroyd 1970,
fig. 92). These can be made by hand by punching holes from
a pre-cut strip of 600 gram white, acid-free card with a hole-
punch. A 13 mm diameter cover slip is then attached to the
card, so the punched hole is positioned directly in the centre
and is attached using Euparal ®, Canada balsam or PVA wood
glue. Once dry the mounts are trimmed with a pair of scissors
and can use used like a regular slide, with the 13 mm cover slip
acting as the “slide”. A smaller cover slip of 5 mm diameter can
then be used when mounting structures and the micro-mount
can be pinned to the specimen concerned. When examination
is required the micro-mount can be placed on a clean micro-
scope slide and be viewed normally.

Data labels

The appending of labels with appropriate and accurate data
is essential for all specimens and samples (e.g., Figs 52, 58). A
specimen without data labels is useless for scientific purposes
and the specimen, plus its associated labels, form an integral
unit in scientific study; the associated labels reflecting both its
origins and history. For this reason existing labels should never
be removed, irrespective of how trivial they may appear.

Essential data that should be appended to a specimen are:
country, district, province, or name of national park/reserve,
specific locality name, GPS coordinates (usually in degrees,
minutes and seconds), date/s of capture, name/s of collector/s,
collecting methodology and habitat type (optional but advisa-
ble), or other biological observations of capture, e.g., “swarm-
ing at dusk”, or “alighting on bracket fungus”.

Labels should be kept as small as possible, while allowing text
to be easily read. In order to keep these of a manageable size, it
is often advisable to split the collecting methodology/biological
observation and habitat type data onto a separate label, the
smaller of the two being appended to the specimen first.
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In the past the majority of labels were either hand-written
with Indian ink, or were commercially printed, but today with
computer technology and printers readily available to most,
large numbers of labels can be easily generated and amended,
although a few basic principles need to be applied in their
production.

For dry preservation, labels can be printed on 600 gram
white, acid-free card using a laser printer (150 gram or 180
gram is also adequate for labels). A simple, clear font that is
easily legible at small point size needs to be used. Arial font,
printed at 3.5 point size produce good, clearly legible labels of
a suitable size to append to pinned specimens (see Figs 52, 58).

Care should be taken that appended labels sit neatly and
evenly beneath the specimen, thus offering protection from
mechanical damage. Labels should not project too far beyond
the specimen.

Labels are added to specimens using a pinning stage' (Fig.
18). Alternatively sheets of high density foam can be cut to
the appropriate thicknesses and serve the same purpose. This
ensures that labels are added at uniform heights and that these
are sufficiently widely spaced to allow details to be easily read,
without having to remove the labels. The pinning stage is also
used when preparing point-mounts.

For permanent labels for spirit-preserved specimens these
can be laser printed onto Teslin A4 plastic paper', now widely
used in many national collections. An electronic file of labels
should be maintained in the event that duplicate labels are
required in the future and to extract label information directly
for specimen digitisation.

Genital dissection

For many families of flies species can only be reliably iden-
tified by examination of the male or female genitalia (termina-
lia). This requires the removal of all, or part of, the abdomen
and maceration to dissolve the membranous parts and con-
nective musculature to leave the sclerotised structures visible
for examination.

Procedures followed for genitalia dissections:

1. Dependant on the group, the abdomen is detached from
the specimens, using a pin, micro-scissors or watchmak-
er’s forceps (Fig. 28). It is a good idea to clear the bench
area before removing an abdomen and to do so over a
Petri-dish on the microscope stage, so this is easier to find
if it “pings” off during removal.

2. The abdomen is placed in a vial containing 5 or 10% po-
tassium hydroxide (KOH), lactic acid or sodium hydroxide
in a dry bath incubator (Fig. 15) and is heated until the
specimen is suitably macerated (dependant on the size
of the specimen concerned). The abdomen can also be
macerated overnight in cold KOH at ambient tempera-
ture. Care must be taken not to over macerate specimens,
as this may obscure important characters. KOH is corro-
sive and should be handled with care.

3. Once macerated, the specimen is removed and trans-
ferred to an excavated glass block (Fig. 26), containing
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70% ethanol, with few drops of glacial acetic acid (to neu-
tralise the effect of the KOH).

4. The abdomen is then dissected under a binocular mi-
croscope, either using continental length pins (for larger
specimens), or micro-pins inserted into the ends of match
sticks (for smaller specimens).

5. Following dissection and examination all dissected parts
should be retained and be placed in a genitalia vial in
glycerol to be pinned beneath the specimen concerned
(see below section).

Genitalia vials

Various types of genitalia vials are available commercially?,
but these are expensive, some are not made of transparent
plastic (making it difficult to see structures through the vial
wall) and the stoppers have a habit of popping out if the air
bubble is not removed when this is inserted. It is generally

Y
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better, therefore, to make your own. These can be made
from clear PVC 3 mm internal diameter tubing with a flexible
polyurethane (or PVC) stopper®. PVC tubing is also available
very cheaply from some hardware stores and pet shops. The
flexible polyurethane stopper comes in a single length and
stoppers need to be cut to size (ca 5 mm in length) using a
scalpel blade.

Procedures followed for preparation of genitalia vials:

1. Heat the end of the PVC tubing over a spirit lamp (Fig.
16) until suitably softened (do not allow to burn) (Fig. 59).

2. While still softened use the flat blades of watchmaker’s
forceps (Fig. 28) to seal the tubing together by holding the
blades together for several seconds (Fig. 60).

3. The jagged end of the flattened tubing is timmed with a
pair of scissors (Fig. 61).

4. Using scissors the PVC tubing is then cut to the appropri-
ate length (ca 1 cm) (Fig. 62).

|

1

Figs 2.59-65. Procedures followed for preparation of genitalia vials: (59) PVC tubing softened over spirit lamp; (60) using flat
blades of watchmaker’s forceps to press softened tube together and seal; (61) jagged flattened end of tubing trimmed with
scissors; (62) tubing trimmed to correct length using scissors; (63) glycerol decanted into glass pipette; (64) glycerol inserted
into genitalia vial using glass pipette; (65) insertion of pre-cut polyurethane stopper to close vial. Figs 59-65 (photographs M.

van Rensburg).
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5. Using a glass pipette (Fig. 31), or suitably narrow eye
dropper, glycerol is decanted into the prepared vial (Figs
63, 64). Care should be taken not to overfill the vials or
the stopper may eventually pop out.

6. The pre-cut polyurethane stopper is inserted into the
open end of the tubing (Fig. 65). Alternatively, both ends
of the tubing can be heat-sealed, but this prevents easy
re-examination of structures.

Wet preservation

There are several steps that can be taken to ensure good
quality Diptera specimens generated through passive collect-
ing methods that sample directly into fluid (alcohol, or propyl-
ene glycol). In the case of Malaise trap samples the greatest
problem is the frequently large numbers of moths and but-
terflies sampled simultaneously. As with dry collecting, these
are the bane of the dipterist’s life, as they readily drop their
scales, which later become entwined between folded legs and
setation, especially of the smaller Diptera. The long-term effect
of Lepidoptera scales can be greatly reduced by pouring the
sample into a sorting tray and physically removing as many
moths and butterflies as possible as soon as the Malaise trap
is emptied (preferably in the field before they are subject to
agitation). The soiled alcohol can then be gently strained-off
(not sieved, as this also damages fragile flies), and can be re-
placed with fresh. An additional problem leading to mechan-
ical damage of fragile Diptera in such samples are large spiny
insects (e.g., Coleoptera and Orthoptera), that also frequently
find their way into such traps. These can be removed at the
same time as the Lepidoptera and be placed in separate vials.

There are similar issues with pan trap samples. Pans, especial-
ly those deployed in forested habitats, frequently contain twigs,
leaves, stones and other debris. Larger debris is best removed
with forceps before each pan sample is strained as this can help
prevent mechanical damage to the more delicate Diptera.

Long-term storage of unsorted, mixed samples leads to a re-
duction in the concentration of alcohol, due to fluid exchange
between the preserved specimens and also dissolved nectar
from bees. To ensure good quality specimens over time, it is
desirable to regularly and frequently change alcohol, especially
within the first six months of preservation. Samples should be
stored away from direct sunlight, preferably in a freezer.

Preparation of dry specimens from ethanol

Preparing good quality, dry-mounted specimens that were
originally preserved in alcohol has long been a problem for
dipterists. The bleaching of colour from specimens preserved
in alcohol for extended periods appears to be unavoidable.
Good preparations can now be achieved using various com-
plex or simpler chemical techniques.

Critical-point-drying (CPD) is an excellent technique for dry-
ing specimens that is now widely used by many dipterists in the
developed world. The technique is advantageous as structures
such as compound eyes do not collapse (as they often do in
air-dried specimens), the wings usually dry absolutely flat and
specimens prepared in this manner remain pliable. Critical-
point-drying units are available commercially'® and for modern
units the procedure is fully automated. Batches of samples can
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be dried simultaneously and large numbers of small specimens
can be processed efficiently, but the technique is less practical
for larger-bodied flies. (S.A. Marshall, pers. comm. 2015). CPD
drying units are not available in Africa and need to be obtained
from overseas suppliers. Commercial units are very expensive
and affordability may, therefore, be a major factor for African
institutions. If technical support is available, a simple, manual
dryer can be constructed at a fraction of the cost and a design
for such a unit is provided by Marshall (1990).

One simple chemical method for dry preparations, involv-
ing the use of 2-ethoxyethanol and ethyl acetate, is outlined
below. In this technique both chemicals can be re-used on
multiple occasions. These preparations should ideally be per-
formed in a fume cupboard, or at least in a well-ventilated
room. Care is also required in the handling of these chemicals
and country-specific health and safety regulations may apply
to their use. An alternative is to use acetone alone, should a
fume cupboard not be available.

Procedures followed for preparing dry-mounted
specimens from ethanol:

1. Carefully pour alcohol preserved specimens into an ap-
propriately sized sorting tray, dish, or excavated glass
block (some dipterists pin specimens individually prior to
drying).

2. By use of stork-billed forceps lift each specimen by the
wing and place on dry tissue paper to absorb excess al-
cohol (Fig. 45).

3. With stork-billed forceps place specimens into a glass vial
containing 2-ethoxyethanol (the specimen/s must be cov-
ered by the chemical) (Fig. 46).

4. Leave to stand for 24 hours.

5. By use of a pipette draw-off the 2-ethoxyethanol until the
inside the vial is virtually dry (chemical can be re-used)
(Fig. 47).

6. With a pipette, decant ethyl acetate into the vial until the
specimen/s is fully covered (Fig. 48).

7. Leave again to stand for 24 hours.

8. Using stork-billed forceps gently removed the specimen
from the vial and place on dry tissue paper until the spec-
imen has sufficiently dried (chemical can be re-used) (Fig.
45).

9. Once dry, larger specimens can be glued directly onto a
pin and/or smaller specimens onto point-mounts (see sec-
tions above).

10. Once mounted, the specimen can be gently blown to re-
lease the arista and setation.

Preservation for molecular studies

Molecular data from nucleic acids (DNA, RNA) and proteins
are a major source of important information for phylogenet-
ics, population genetics, comparative and functional genomics
and species discrimination. Field preservation does not require
highly specialised equipment or conditions, but does entail
careful planning for collection of live flies directly into appro-
priate storage media, as these molecules degrade rapidly after
the organism dies, especially in conditions of high heat, humid-
ity, or moisture that are suitable for enzymatic digestion after
cell death. In all cases, collection of flies for molecular studies
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Figs 2.66-68. Examples of permanent slide mounts of Diptera (indicating dismembered parts and slide labels): (66) Dicrotendipes

sp. (Chironomidae); (67) paratype of Corethrella ugandensis Borkent (Corethrellidae); (68) holotype of Colobostema auberti
Haenni (Scatopsidae). Fig. 66 (courtesy T. Ekrem), Fig. 67 (courtesy B.J. Sinclair), Fig. 68 (courtesy J.-P. Haenni).
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should be accompanied by well-preserved voucher specimens
with complete collecting metadata to enable cross-validation
of species identification and scientific re-use of samples for
multiple purposes. The increasing loss of natural habitats and
threat of anthropogenic extinctions makes it especially valuable
to collect and store flies for current and future studies of bio-
diversity, ecology and genetics. Long-term cryostorage facilities
that preserve specimens and their genome are now a major
component of natural history collections (Droege et al. 2013).

Nucleic acids are preserved by precipitation in alcohol. Ma-
terial specifically intended for nucleic acid extraction should
be killed directly in and stored in ethanol or isopropanol of
higher concentrations (96-100%). Higher alcohol concentra-
tions are valuable in limiting dilution by the addition of wa-
ter contained in the specimens themselves. Formalin should
never be used, not even for the shortest period, as DNA is
degraded making it unavailable for molecular study. It is best
if specimens are thoroughly dehydrated by changing the 96%
ethanol several times before being stored for long periods. It is
also best to store specimens in cold temperatures (preferably
deep frozen (-80°C); or in a standard freezer (-20°C). Malaise
trap samples can also be collected directly into 96% ethanol
to enable DNA extraction, but in these cases unsorted sam-
ples need to be changed regularly, until properly sorted (see
above). Specimens collected directly into propylene glycol are
also suitable for DNA extraction.

Many current studies make use of next generation sequenc-
ing technologies (NCS) that allow the rapid harvest of all ex-
pressed genes (MRNA; transcriptomes), capture specific gene
targets (DNA), or perform shot-gun or partial genome sequenc-
ing (nuclear or mitochondrial genomes) (Ekblom & Galindo
2011). These methods provide a large amount of information
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about genes and the genome, about gene expression and
about levels of genetic variation, but in general, they require a
large amount of well-preserved tissue for high laboratory yields.
DNA and RNA are rapidly degraded by ubiquitous nucleases
and RNases are particularly common and destructive. For this
reason, specimens intended for transcriptome or expression
studies are best collected live into specialised RNA stabilisation
solutions that are specifically optimised to preserve RNA. The
most common of these is RNAlater® (Ambion) a viscous salt
solution that preserves RNA at room temperature, is non-toxic,
and does not require storage in cold temperatures. RNAlater®
does not rapidly penetrate tissues from larger flies and so it is
often best to break or grind the fly with a sterile pestle after
placing it in the solution. If solutions such as RNAlater® are not
available, high yield of RNA is obtainable from live specimens
killed directly in 700% ethanol and stored continuously at low
temperatures (-20°C).

It is often possible to extract DNA from specimens that have
been rapidly dried using silica gel (see above), or killed in cy-
anide tubes and pinned, but results are highly variable and
dependent on the conditions of death, moisture content, and
temperature in storage. Best results for nucleic acid recov-
ery from dried specimens are from specimens not older than
5-10 years, but recovery of small fragments of highly abun-
dant genes, such as those found in the mitochondrial genome,
can extend to as much as 55 years or more of pinned storage
(Mitchell 2015). Methods used to rapidly preserve colour and
external morphology, such as critical-point-drying, or soaking
in ethyl acetate, are destructive of nucleic acids and should
not be used if specimens are to be used for molecular projects.
DNA samples are normally stored in Eppendorf vials* (Fig. 23)
or in nalgene cryovials'.
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Appendix. International and local equipment suppliers.

There are no companies based in southern Africa that exclu-
sively supply entomological equipment, although some gener-
al laboratory suppliers stock selected items. For this reason, it
is necessary to look overseas for suppliers of many specialised
items. A list of the major ones referred to in the text (with su-
perscript numbers), is provided below.

"Watkins & Doncaster the Naturalist, PO. Box 5, Cranbrook,
Kent, TN18 5EZ, UK.
Website: http://www.watdon.co.uk/the-naturalists/

’BioQuip Products, 2321 Cladwick Street,
Dominguez, CA 90220, USA.
Website: http://www.bioquip.com/html/catalog.htm

John W. Hock Company, 7409 NW 234 Avenue, Gainesville,
Florida 32606, USA.
Website: http://www.johnwhock.com/

“Sante traps, 1118 Slashes Road, Lexington, Kentucky 40502-
1826, USA.
Website: http://www.santetraps.com/

Rancho

°B & S Entomological Services, 37 Derrycarne Road, Porta-
down, County Armagh, BT62 1PT, Northern Ireland, UK.
Website: http://www.entomology.org.uk/contact.htm

°D.). & D. Henshaw, 34, Rounton Road, Waltham Abbey, Es-
sex EN9 3AR, UK.
E-mail: djhagro@aol.com

’Bugdorm Cages and Traps, MegaView Science Co., Ltd., No.
656-2, Fuya Road, Taichung 40762, Taiwan.
Website: http://www.BugDorm.com

*Bonpak, Longmeadow Business Park East, Edendale, Gau-
teng, South Africa.
Website: http://www.bonpak.co.za/Contact-Us.php

°Dr. Hans-Jiirgen Thorns, Biologie-Bedarfs-Handel, Eestl.
Stadtgraben 50, 94469 Deggendorf, Germany.
Website: http://www.biologie-bedarf.de

"“Lasec/SA, 52 Old Mill Road, Ndabeni, Cape Town, 7405,
South Africa.
Website: http://www.lasecsa.co.za/index.php?id=8

""Canadawide Scientific Ltd., 2300 Walkley Road, Ottawa,
ON K1G 6B1, Canada.
Website: http://canadawide.ca/products/337-800.0.html2item
_id=337-800-04

?McKinley Scientific, 33C Wilson Drive Sparta, NJ 07871,
USA.
Website: http://www.mckscientific.com/productDetails.htm?
Fisher-Scientific-Isotemp-Analog-2-Plate-Dry-Bath-Incuba-
tors-46

'*Busy Bee Binding and Lamination Solutions CC, 32 Jenkins
Street, Elandspark, Gauteng, South Africa.
Website: http://busybeebinding.wozaonline.co.za/

"Sorygar Ltd., C/Quinta del Sol 37, Las Rozas, 28231 Madrid,
Spain.

>IPS (International Pheromone Systems) Ltd., Units 10-15,
Meadow Lane Industrial Estate, Ellesmere Port, Cheshire,
CH65 4TY, UK.

Website: http://www.internationalpheromone.co.uk/

"*Insect Science, Ento Park, 9 Industrial Street, New Industrial
Area, Tzaneen, Limpopo Province 0850, South Africa.
Website: http://www.insectscience.co.za/

"Volume Injection Products, 759 Smoky Ridge Farm, Quin-
era, East London, Eastern Cape, South Africa.
Website: http://vipplastics.co.za/

"SEntomoravia, CSL.C.Krize 967, Slavkov u Brna, 684 01, Czech
Republic.
Website: http://entomoravia.eu/index.php/insect-pins

"Tousimis, 2211 Lewis Ave, Rockville, MD 20851, USA.
Website: http://www.tousimis.com/critical_point_dryers/MEMS
_drying_system.html

2Eppendorf North America, 102 Motor Parkway, Hauppauge,
NY 11788, USA.
Website: http://www.eppendorf.com/int/index.php?action=
products&contentid=191
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ADULT MORPHOLOGY AND TERMINOLOGY 3

Jeffrey M. Cumming and D. Monty Wood

Introduction

This chapter introduces and describes the terms used for the
identification of adult flies in this Manual, although the discus-
sion of terms is not exclusively restricted to Diptera occurring
in the Afrotropical Region. The information provided herein
is based mainly on the terminology presented by Cumming &
Wood (2009), which largely followed McAlpine (1981), with
certain modifications subsequently adopted by Kotrba (2000),
Merz & Haenni (2000) and Sinclair (2000). The most signif-
icant changes made to the previous treatment presented by
Cumming & Wood (2009) include definitions of a few addi-
tional terms now in common usage (e.g., postpedicel, pseud-
acanthophorites) and a more complete listing of synonyms.
Three additional wing figures are also included, which depict
some modified terms for venation (Wootton & Ennos 1989;
Saigusa 2006), that are used as an alternative to the system
presented in McAlpine (1981). This alternative system, which
is based on a better homologised Diptera and Mecoptera fore
wing base, is now used throughout this Manual and should be
considered the standard.

Terms are arranged alphabetically by major body region for
the head, thorax and abdomen (Figs 1-3). Within the three
major regions general discussions of components of the com-
pound eye, antenna, mouthparts, wing, legs, female ter-
minalia and male terminalia are followed by glossaries of
terms used, grouped together under each of these headings.
Preferred terms appear in boldface font followed by synonyms

within brackets in regular font. Sometimes the corresponding
singular (sing.) or plural (pl.) form is also given in brackets.

Each thoracic and abdominal segment is organised into a
dorsal tergum (with a sclerotised tergite) and a ventral ster-
num (with a sclerotised sternite), connected together by a lat-
eral pleuron, or pleural membrane (Figs 2, 3). The tracheae of
the respiratory system open externally as spiracles on the sides
of some of these segments. Parts of the integument, including
the cuticle of the head<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>