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Introduction
Biogeography entails the study of the geographic distribution
of taxa and their attributes in space and time. This requires
the interpretation of a suite of abiotic and biotic information
sets, if the distribution of organisms is to be understood. Many
factors are obvious, such as geology, topography, elevation,
precipitation, soil types and vegetation, but the relations to
palaeoclimatology, evaporation rates and proximity to the sea,
mountains and arid zones are more problematic to explain. In
recent years, data on palynology, palaeobotany, palaeontology,
geomorphology, plate tectonics, volcanism, desertification and
other climatic trends, has increased greatly.
Diptera species occur in ranges governed by such biotic
and abiotic environmental factors and distribution ranges are
determined by physical and climatic factors and topography,
while environmental parameters also constrain distributions.
Historical factors determine more basic patterns of distribution,
however, including those that may relate more directly to the
formation of species (Cranston 2005: 283). As stated by Croizat
(1958), present-day biotic distributions represent ancient patterns that have been disrupted (vicariated) by such factors as
altered geology and climate, sea level changes, etc. In historical biogeography, widespread ancestral species are viewed as
being divided into vicariant populations (incipient species) by
sea-level changes, oceanic formation, orogeny, aridity or glaciation. The disjunct distribution of related organisms are interpreted in dispersal biogeography as having arisen when groups
originate in one place, diffuse (range expand) until some kind
of barrier is reached, disperse (“jump”) across these pre-existing
barriers, then differentiate subsequently in isolation. This theory

is central to the concept of speciation by natural selection as
promulgated by Charles Darwin and Alfred Russell Wallace.
Studies of the distribution patterns of Diptera have been influential in biogeographical thought, e.g., Brundin (1966), de
Jong (1998), Hennig (1960), Matile (1990) and Munroe (1974)
(Cranston 2005: 274), but probably less so than for more sedentary groups of invertebrates. More recent published dipterological studies have focused primarily on disjunctions between
continental faunas, especially ancient groups exhibiting an
austral vicariance pattern attributable to common Gondwanan
continental ancestry (e.g., Cranston & Edwards 1992; Krosch
et al. 2011; Martin et al. 2003; Miranda-Esquivel & Coscarón
2003; Sæther & Ekrem 2003; Sinclair 2003) (see below).
Stuckenberg (1962) published an account of palaeogenic
(meaning of, or relating to the Paleogene period) elements
in the South African insect fauna, which included some ancient groups of Diptera, but it was Bowden (1978), who was
the first to discuss the biogeography of the order Diptera in
Africa, especially the concept of faunal disjunctions between
southern Africa, the Mediterranean Province and elsewhere.
Bowden (1973, 1978: 777) was dismissive of the concept of
sub-Saharan Africa as being a valid floral and faunal division
between the Holarctic and African realms and termed this “the
sub-Saharan syndrome”; the essentially Eurocentric viewpoint
that genera and species occurring in the southern Palaearctic
and North Africa must be different from those occurring south
of the Sahara. He provided examples of genera in the family
Bombyliidae which had formerly been regarded as separate
taxa in the two regions, but were merely faunal disjunctions
(see Kirk-Spriggs & McGregor 2009).
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Since Bowden’s review, relatively few publications have appeared that deal exclusively with the biogeography of Afrotropical Diptera, most accounts being included in taxonomic papers, e.g., Barraclough & Slotow (2010), Chen & Máca
(2012), Coffman et al. (1992), De Meyer (2001), Garros et al.
(2005), Grace-Lema et al. (2015), Harvey et al. (2003), KirkSpriggs (2010a, b, 2011), Kirk-Spriggs & Wiegmann (2013),
Lachaise et al. (1998), Lamas & Nihei (2007), LöwenbergNeto et al. (2012), Morita (2008), Shamshev & Grootaert
(2010), Stuckenberg (1997, 1998, 2003), Stuckenberg & Fisher (1999), Swart et al. (2015) and Williams et al. (2016).
Some literature was discussed by Kirk-Spriggs (2003) in an
introductory study of African biogeographical patterns and two
major reviews that deal specifically with Afrotropical Diptera
have been published (Kirk-Spriggs & McGregor 2009; KirkSpriggs & Stuckenberg 2009), on which this chapter is very
largely based, with some supplementary sections and updated
information.

Gondwanan plate tectonics and the
formation of Africa
Prior to its separation, Africa formed an integral part of the
great southern supercontinent of Gondwanaland, which first
formed during the Neoproterozoic Pan-African-Brazilian orogeny (720–580 Mya). The most extensive geomorphic features
of Africa, however, relate to the period that postdates the
breakup of Gondwana (Figs 1–3), which took place ca 145
Mya on the east coast of southern Africa and ca 125 Mya on
its west coast (Fig. 4). As a result of this breakup, the isolated
African continent, as it is known today, came into being (Maud
2012).
The opening of the South Atlantic Ocean closely followed
the emplacement of the plume-related Parana-Etendeka continental flood basalts (137–127 Mya) in Brazil and Namibia
(Turner et al. 1994). In the South Atlantic, sea-floor spreading
began at ca 135–130 Mya (Jones 1987), although the physical separation of the continents was probably not synchronous
along the line of rifting (McLoughlin 2001).
Translational movement of Brazil and equatorial Africa along
the Guinea Fracture Zone (Fig. 4) may have maintained low
latitude connections between the continents until 119–105
Mya (Fairhead & Binks 1991; Jones 1987). Similarly, transform
faulting between southernmost Africa and the easterly extension of the Falklands Plateau may have maintained continental
connections or close proximity of southern Africa and South
America until ca 105 Mya (Barron 1987; Barron & Harrison
1980; McLoughlin 2001) (Figs 2, 4).
At ca 95–84 Mya a new phase of rifting was initiated in the
proto-Indian Ocean separating Madagascar from the Seychelles–India block (Plummer & Belle 1995). India, including
its northern extension under thrust Tibet, separated from Australia and east Antarctica by the Hauterivian (ca 132 Mya) (Barron 1987; Veevers & Li 1991) (Fig. 4). Relatively rapid seafloor
spreading in the southern Indian Ocean resulted in the Seychelles–India block movement northwards into mid latitudes
by the Late Cretaceous (Barron 1987). Eruption of the Deccan
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traps flood basalts ca 65 Mya, accompanied a repositioning of
the western Indian Ocean (Carlsberg Ridge) spreading ridge
and resulted in separation of India and the Seychelles block.
The Seychelles block subsequently became fixed with respect
to Africa, while India continued its rapid northward movement,
reaching equatorial latitudes by the Eocene and colliding with
southern Asia ca 43 Mya (Gerlach 2013; McLoughlin 2001).

Diptera in the fossil record
Studies of the Diptera are hampered by the lack of fossils,
although excellent fossils are known from resins ranging in
age from Early to Middle Cretaceous from Lebanon (Schlüter
2003) (e.g., Azar et al. 2003, 2009; Choufani et al. 2015;
Grimaldi 1996; Grimaldi & Cumming 1999; Hennig 1970,
1971; Schlee 1972; Veltz et al. 2007) (Figs 5–7). Lebanon was
then part of the African tectonic plate, separated from Eurasia by the Tethys Sea and these flies have obvious relatives
in the extant Afrotropical fauna (Kirk-Spriggs 2003). Epiclastic sediments overlying a diamondiferous kimberlite in central
Botswana have also yielded an assemblage of fossils, including
flowering plants and whole-bodied insects. Their deposition
has been dated as (Early) Late Cretaceous (CenomanianConiacian). The Cretaceous Crater Lake waters apparently
were inhospitable, with insects dying soon after landing on
the surface of the lake (Schlüter 2003). The site has yielded
numerous Diptera compression fossils (e.g., McKay & Rayner
1986; Rayner 1987, 1993; Waters 1989a, b), but these are
invariably poorly preserved (Kirk-Spriggs 2003).

Gondwanan elements in the Afrotropics
South Africa has the most distinctive invertebrate fauna in
the Afrotropics. The fauna includes various taxa, the phylo
genetic relationships of which indicate them to be of ancient
occurrence in the region (Kirk-Spriggs 2003; Stuckenberg
1962). The explanation for their presence has been that they
are remnants of a fauna that diversified and dispersed across
the Gondwanan landmass before fragmentation (Figs 1–3,
4). These so-called “palaeogenic elements” thus have been
termed “Gondwanan” and their presence in South Africa is of
great interest, especially as their distribution pattern concurs
with a biogeographical situation also involving South America
and Australia. Each of these three continents has essentially two
insect faunas, a southern one, mostly associated with relatively
temperate environments, the other mainly in more northerly,
warmer or even tropical latitudes. These austral insect faunas
have taxa in common and appear to share an evolutionary history that reflects continental drift. Two areas of such putative
Gondwanan insects occur in the Afrotropics namely, in South
Africa and in Madagascar (Kirk-Spriggs & Stuckenberg 2009:
177). These are considered separately below.

South African elements
South Africa has some of Africa’s oldest mountains. They are
of two kinds, with entirely different origins. In the south of the
country, extending more or less east-west, with a smaller interlocking north-south section in the west, is a series of elongate
ranges, constituted by similar sedimentary rocks, known as the
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Figs 9.1–3. Continental reconstructions of the breakup of Gondwanaland, from the Middle and Late Mesozoic: (1) Late Jurassic
(152 Mya) reconstruction indicating initial rifting between east and west Gondwana, separation of Lhasa, West Myanmar and
Woyla terranes from northern Gondwana; (2) Early Middle Cretaceous (94 Mya) reconstruction shortly after isolation of Africa
from other Gondwanan landmasses, opening of eastern Indian Ocean and emplacement of Kerguelen Plateau basalts; (3) Latest
Cretaceous (69.4 Mya) reconstruction shortly before eruption of the Deccan Traps indicating progressive isolation of Gondwanan landmasses and rapid northward migration of India. Figs 1–3 (after McLoughlin 2001, fig. 3).
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Cape Fold Mountains (e.g., Fig. 8). They are part of an ancient
orogeny that predated the break-up of Gondwana. At that time
they were continuous with old mountains in south-eastern
Australia, with the trans-Antarctic ranges and even with a small
range in the Buenos Aires Province of Argentina known as the
Sierra de la Ventana (Rapela et al. 2003).
In eastern South Africa the Great Escarpment is called the
Drakensberg over much of its length (e.g., Fig. 9). Orogeny was
initiated with the separation of Antarctica from south-eastern
Africa in the Jurassic (Figs 1, 4), when a new drainage system
formed in the hinterland of the new South African coastline,
flowing eastwards towards an expanding Indian Ocean. Extremely prolonged water erosion established by this drainage,
operating throughout the Mesozoic and twice rejuvenated by
Cenozoic episodes of continental uplift, created this escarpment
in eastern South Africa. It was progressively eroded westward,
until the presence of a massive, almost horizontal sequence of
hard basaltic rocks retarded the rate of erosion and resulted in
steep exposure of an underlying, very thick sequence of sediments. With permanent benefit of summer rains derived from
an expanding and warm Indian Ocean, this escarpment could
acquire and retain freshwater and terrestrial invertebrate faunas
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during much of the Mesozoic and Cenozoic (Kirk-Spriggs &
Stuckenberg 2009: 177; Partridge & Maud 1987).
These mountains preserve ancient landforms supporting a
characteristic biota including taxa of putative Gondwanan derivation, namely Blephariceridae, Thaumaleidae, Psychodidae,
Empididae, Africa’s only tanyderid and early branching Chironomidae amongst other flies with possible austral relationships. Documented cases of Gondwanan relicts are reviewed
below:
Apioceridae (see Chapter 46). Yeates & Irwin (1996) proposed that the subgenus Apiocera (Pyrocera Yeates & Irwin)
(Fig. 15) represents the sister-group to the Southern Hemisphere species and that the Afrotropical subgenus A. (Ripido
syrma Hermann) are in turn the sister-group to the clade of
Chilean and Australian species, which presents evidence for a
true Gondwanan origin.
Blephariceridae (see Chapter 16). The subfamily Edwardsininae has a largely Gondwanan distribution, being restricted to
south-eastern Australia, southern South America and Madagascar, whereas Blepharicerinae is widespread in both hemispheres.

Fig. 9.4. Reconstruction of the South Atlantic–Indian Ocean–Neotethys Ocean regions during the Early Cretaceous (110 Mya),
indicating the timing of separation and amalgamation of Gondwanan and Asian terranes (after McLoughlin 2001, fig. 4A).
Abbreviations: AP – Antarctic Peninsula; CT – Cimmerian Terranes; KP – Kergulen Plateau; LB – Lhasa; MAD – Madagascar; S –
Seychelles Block; WM – West Myanmar; WT – Woyla Terrane.
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All South African species belong to the blepharicerine genus El
poria Edwards. It and the Malagasy genus Aphromyia Courtney
belong to a lineage historically placed in the tribe Paltostomat
ini, a possibly paraphyletic assemblage that also includes several Neotropical genera. Elucidating the relationships between
Aphromyia, Elporia and the various Neotropical blepharicerine genera remain problematic, due to the lack of congruence across character data. Despite uncertainties regarding
relationships of “paltostomatine” genera, a good case can be
made for a Gondwanan origin of at least the Edwardsininae
(G.W. Courtney, pers. comm. 2017).
Chironomidae (see Chapter 35). The subfamily Podonominae has a high diversity in the Southern Hemisphere, consistent with a Gondwanan origin. Southern African genera,
namely Archaeochlus Brundin and Afrochlus Freeman, have
connections with Australian Austrochlus Cranston (Cranston et
al. 2010; Martin et al. 2003; Sæther & Ekrem 2003). Another Gondwanan midge is the orthoclad genus Elpiscladius, described by Harrison & Cranston in 2007, and substantiated using molecular data by Cranston et al. (2010). Later Cranston et
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al. (2012) explored molecular derived dating for Gondwanan
nodes of significance to southern Africa and noted other possible Gondwanan elements occurring in the fauna.
Empididae (see Chapter 51). The apparent highly localised
occurrence of the genus Edenophorus Smith, being active during the winter months and its phylogenetic position, suggest
that the genus should be classified as a Gondwanan element
(Sinclair 2002, 2003).
Homalocnemidae (see Chapter 55). The deep branching
genus Homalocnemis Philippi (Fig. 13) was recorded from the
margins of the Namib Desert of Namibia by Chvála (1991);
the genus is recorded also from Chile and New Zealand (see
below).
Mydidae (see Chapter 47). The endemic South African genus Tongamya Stuckenberg (Fig. 14) is phylogenetically related
to Megascelus Philippi from Chile and Neorhaphiomidas Norris
from Australia, which represents a true Gondwanan radiation
of the subfamily Megascelinae (T. Dikow, pers. comm. 2017).

Figs 9.5–7. Examples of fossil Chironomidae described from Cretaceous Lebanese amber inclusions: (5) Libanopelopia cretacica
Veltz, Azar & Nel; (6) Cretapelopia salomea Veltz, Azar & Nel; (7) Lebanorthocladius furcatus Veltz, Azar & Nel. Figs 5–7 (after
Veltz et al. 2007, figs 1, 4, 9).
BIOGEOGRAPHY OF DIPTERA
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Psychodidae (see Chapter 24). At least two instances of
Gondwanan distributions are known within Afrotropical Psychodidae. In the subfamily Trichomyiinae, the distinctive
subgenus Trichomyia (Gondwanotrichomyia Duckhouse) was
erected for two species limited to montane evergreen forests
of eastern South Africa (Duckhouse 1980), but also occurs in
Australia, New Zealand and Chile (G.M. Kvifte, pers. comm.
2017). In the subfamily Bruchomyiinae, the phylogenetic analyses of Wagner & Stuckenberg (2016) indicates Afrotropical
species of Nemopalpus Macquart (Fig. 12) and Eutonnoiria
Alexander form an early branching clade, with the Oriental
and Australasian species as successive sister-groups to the Neotropical radiation. There is, therefore, a clear Gondwana origin
indicated in the general patterns for these groups.

Among the Diptera of Madagascar, the blepharicerid genus
Paulianina Alexander is, therefore, the only taxon for which
a Gondwanan origin can be plausibly postulated. Paulianina
is the sister-group of the austral Neotropical-Australian genus
Edwardsina Alexander and the two genera together constitute
the early branching subfamily Edwardsininae (Kirk-Spriggs &
Stuckenberg 2009: 180). The biogeography of Edwardsina had
long attracted attention; the genus having been considered a
likely Gondwanan relict by earlier dipterists. Paulianina is classified in a different subfamily to that of the South African genus
Elporia (Blepharicerinae) and the recently described Malagasy
genus Aphromyia, the sister-group of which may be the Brazilian Kelloggina (see above), so a separate explanation for the
presence of Edwardsininae in Madagascar could be expected.

Rhagionidae (see Chapter 37). A genus with species of
“archaic” habitus, Atherimorpha White, has been recorded
as well-represented in South Africa (Nagatomi & Nagatomi
1990), inhabiting mesic montane grasslands and the Fynbos
flora of the Cape Fold Mountains. Atherimorpha is a Gondwanan element, distributed also in south-east Australia, Tasmania and temperate South America (Stuckenberg 1962).

The undescribed Malagasy genus referred to by Paulian
(1954) and Kirk-Spriggs & Stuckenberg (2009: 180) was recently described as the genus Aphromyia, based on the single
species A. stuckenbergi Courtney (Courtney 2015). The species is known only from river systems draining off the Central
highlands (Andringitra massif). Its inclusion in the subfamily
Blepharicerinae, along with the South African genus Elporia
implies that the species may be derived from tropical sub-Saharan Africa, outside the range of Elporia.

Simuliidae (see Chapter 32). The genus Paracnephia Rubtsov
(including Procnephia Crosskey), as recognised by Adler &
Crosskey (2016), exhibits a Gondwanan austral distribution,
with the 10 described Australasian species considered to be
phylogenetically closely related to Afrotropical species. Parac
nephia is not monophyletic, however, represents a “dumping
ground” in the family and there is not a single character to support it (K. Moulton, pers. comm. 2017). Molecular evidence
presented by Moulton (2003), although not robust, did not
recover support for a close relationship between Afrotropical
Paracnephia and any other Gondwanan deep branching simuliine segregate.
Tabanidae (see Chapter 39). Stuckenbergina Oldroyd is the
only Afrotropical representative of the tribe Pangoniini. This
tribe otherwise has a notable austral distribution, involving elements shared between South America and Australia. The two
described South African species are associated with the Cape
Fold Mountains (Kirk-Spriggs & Stuckenberg 2009: 179).
Thaumaleidae (see Chapter 33). Only three species of this
small family associated with seepages have been described from
the Afrotropics (Sinclair 2015; Sinclair & Stuckenberg 1995).
One occurs in the Natal Drakensberg and two in the Cape Fold
Mountains of South Africa. They constitute the endemic South
African genus Afrothaumalea Stuckenberg (Fig. 16), which is
part of a monophylum of genera also occurring in Australasia
and temperate South America. The closest relative of Afrothau
malea appears to be the Australian and southern Chilean genus
Niphta Theischinger (Sinclair & Stuckenberg 1995).

Malagasy elements
Schlinger (1961), suggested that the Malagasy endemic genus
Parahelle Schlinger in the Acroceridae may be closely related to
the genera Helle Osten Sacken from New Zealand and Megaly
bus Philippi from Chile, thus representing a Gondwanan origin.
Winterton et al. (2007), pointed out, however, that Parahelle is
actually more closely related to the genus Thyllis Erichson which
occurs in Madagascar, thus refuting such an association.
MANUAL OF AFROTROPICAL DIPTERA – VOLUME 1

Immature stages of an unnamed species of Blepharicer
idae are known from the Kumbo massif (Banso Mountains) in
north-west Cameroon (Germain et al. 1967) and nearby parts
of southern Nigeria. Although perhaps related to the genus
Elporia, the larval stages differ in having one additional pair
of prolegs, so affinities of this species remain uncertain until
adults can be studied.

Climate and changing vegetation
Pleistocene glaciation
During the Pleistocene Ice age, Africa was not glaciated. The
Ice age produced very arid conditions, but no (or little) glacial
landforms (Kirk-Spriggs & Stuckenberg 2009: 155). There were
centres of Pleistocene glaciation, however, in the High Atlas and
Djurjura Mountains of North Africa, Mt Atakor in the Hoggar
Mountains of the central Sahara (Fig. 11), the Semien Mountains and Mt Bada in Ethiopia and Mt Elgon, Mt Kenya, Mt Kilimanjaro and the Ruwenzori Mountains of East Africa (Fig. 17).
There is further evidence of Pleistocene periglacial activity on
the Tibesti Mountains of the central Sahara and the Drakensberg Mountains of South Africa. Today, glaciers are restricted to
Mt Kenya, Mt Kilimanjaro and the Ruwenzori Mountains (Mark
& Osmaston 2008; Osmaston & Harrison 2005) (Fig. 17). In
a study of Diamesinae (Chironomidae), Willassen & Cranston
(1986) concluded that these mountains have endemics related
phylogenetically to Europe rather than Gondwana, while in a
study of the genus Wiedemannia Zetterstedt (Empididae), Sinclair (1999) concluded that species occurring in the Ruwenzori
Range are most closely related to Southern African species and
as a whole phylogenetically close to a European subgenus.

Aridification of the Sahara
The Afrotropics are biogeographically limited northwards by
the young Sahara Desert. It is generally accepted (Kroepelin
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2006), that aridification of the Sahara is recent (2–3 Mya),
originating in the Pliocene and becoming hyper-arid in the
Pleistocene, with remarkable aridification in North Africa at
the onset of the Quaternary ice ages (Maley 1996). Zhang et al.
(2014), however, noted that more recent discovery of Aeolian
dune deposits (ca 7 Mya), suggested a considerably older age,
although this interpretation is hotly contested; there is no clear
mechanism to explain aridification around this time and archaeological evidence of hominid settlements indicated otherwise (Fig. 23). The Sahara was previously an enormous savanna and grassland (Fig. 25), which may have extended ranges of
some Afrotropical Diptera much closer to the Mediterranean
(e.g., Adams & Faure 1998).
Kirk-Spriggs & McGregor (2009) provided an extensive review
of Diptera disjunctions between southern Africa and the Mediterranean Province and provided examples of Vermileonidae in
the Atlas Mountains and the Canary Is. and species of Habropo
gon Loew (Asilidae) and Nemopalpus Macquart (Psychodidae) in
countries bordering the Mediterranean as examples of isolated
relicts of the fauna that predated aridification (Figs 18–20).
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Hoggar and Tibesti Mountains of central Sahara
The Sahara, which occupies approximately 7,000,000 km2,
is a huge sandy area, which over vast areas is truly almost
abiotic, due to extremely high daytime temperatures, lack of
rain and of associated vegetation. The insects occurring along
the northern fringe are subject to a winter rainfall regime and
many may have been there since Miocene times (Kirk-Spriggs
& McGregor 2009).
The Sahara today is, however, not the uniform desert it
appears to be. In the driest central areas there are isolated
mountain ranges, such as Hoggar (or Ahaggar) in Algeria (e.g.,
Fig. 11), with its two southern spurs, the Adrar des Iforas in
southern Algeria and northern Mali and the Aïr massif in northcentral Niger and the Tibesti Mountains in northern Chad.
Precipitation is markedly higher on these mountains than the
surrounding hyper-arid peneplain and semi-permanent or episodic pools are evident at higher elevations. In the Hoggar, for
example, Tamanrasset (22°50’N, 5°28’E), receives a mean annual precipitation of 51 mm and Assekrem (23°18’N, 5°41’E),

Figs 9.8–11. Significant topographical features of the African landscape: (8) the Cape Fold Mountains (Tsitsikamma Mountains,
Eastern Cape); (9) the Drakensberg Mountains (Mpumalanga Province); (10) the Brandberg massif, Namibia from space; (11)
the Hoggar Mountains of the Central Sahara. Fig. 8 (https://commons.wikimedia.org), Fig. 9 (http://mustseeplaces.eu), Fig. 10
(image NASA), Fig. 11 (Lunar Landscape © B. Djajasasmita; CC BY-NC-ND 2.0).
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164 mm, as compared to In Salah (27°12’N, 2°29’E), Algeria,
for example, which receives only 16 mm (Gardi 1967: 62;
Kirk-Spriggs & McGregor 2009).
These mountains are intersected with deep, often densely
vegetated valleys and the foothills are vegetated with endemic
plants of Sahelian origin (Quézel 1978), thus enabling Holarctic species to spread farther south and Afrotropical species farther northwards (Müller 1974: 49). The central Saharan mountains should perhaps be regarded as what Cranston (2005:
282) terms a “filter bridge”, i.e., allowing limited transgressions
compared with true “corridors”, but more so than “sweepstake” routes of dispersal (Kirk-Spriggs & McGregor 2009).
The fauna comprises a mixture of Palaearctic and Afrotropical faunal elements, with some endemic species. Interestingly,
even in 1876 A.R. Wallace was clearly aware of the significance of Holarctic faunal elements in these mountains. He regarded the Ethiopian Region as beginning south of the Tropic
of Cancer, but excluded the central Saharan mountains (Fig.
21). Séguy (1950) listed 47 species of Diptera in 18 families
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from the Aïr massif and elsewhere in the Sahara. These families
were usually represented by single species, although the families Asilidae (9 species) and Muscidae (11 species) were better
represented. Séguy concluded that the majority of the species
examined were indeed of Mediterranean provincial origin,
with twenty species originating from the hotter parts of eastern
Africa (Sudan and Egypt as far as the Arabian Peninsula), with
five cosmopolitan species and nine new species. Kirk-Spriggs
& McGregor (2009) tabulated published and unpublished data
for the Ephydridae and Muscidae recorded from the Aïr massif.

Megalakes of the Sahara and their catchments
During the postglacial period the now arid central parts of
the Sahara were considerably wetter. The stages of development of Lake Chad during the Holocene have been used as an
indication of such climatic conditions (Grove & Pullen 1963)
and have been the subject of numerous studies (e.g., Ghienne
at al. 2002; Maley 1977; Schuster et al. 2003, 2005). In one
of the more recent studies, Drake & Bristow (2006) indicated
that the palaeolake Megachad was one of four giant lakes with

Figs 9.12–16. Examples of purported Gondwanan elements in the Southern African Diptera fauna: (12) Nemopalpus transvaalen
sis Stuckenberg (Psychodidae); (13) Homalocnemis perspicuus (Hutton) (non-Afrotropical) (Homalocnemidae); (14) Tongamya
miranda Stuckenberg (South Africa) (Mydidae); (15) Apiocera (Ripidosyrma) painteri Cazier (non-Afrotropical) (Apioceridae);
(16) Afrothaumalea stuckenbergi Sinclair (South Africa) (Thaumaleidae). Fig. 12 (Wagner & Stuckenberg 2016, fig. 1), Fig. 13
(Kirk-Spriggs & Stuckenberg 2009, fig. 6.2), Figs 14–16 (photographs © S.A. Marshall).
MANUAL OF AFROTROPICAL DIPTERA – VOLUME 1
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adjacent catchments that linked to straddle the desert (Fig. 22,
A–D). These lakes were situated in major lowland basin areas
between the high central Saharan Mountains and their effect
on the associated flora and fauna of these must have been considerable. Between them these lakes covered an area equivalent to 10% of the Sahara and together these water bodies
and associated wetlands would have provided a corridor for
animal dispersal, including hominids, to migrate north across
what is now the Sahara (Drake & Bristow 2006) (Fig. 35, B).
Lake Megachad was the largest of these lakes and at its maximum extent (ca 7,500–6,950 BP) was larger than any lake in
existence today (371,000 ± 13,000 km2). Radiocarbon dates
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(Schuster et al. 2003) from regressive shorelines suggest that
the lake only began to contract around 4,410 and 5,280 BP. By
4,000 BP it had split into three separate lakes, namely: Lake
Chad, Lake Fitri and Lake Bodele. Other regressive shorelines
have been dated from archaeological evidence on the plains
that became exposed by the final demise of the lake and these
appear to be much younger (Drake & Bristow 2006) (Fig. 23)
(Kirk-Spriggs & McGregor 2009).
These lakes and their associated catchments, situated in basins between the central Saharan mountains, could clearly have
acted as a humid route of dispersal as recently as 4,000 BP,

Fig. 9.17. Centres of Pleistocene glaciation, evidence of Pleistocene periglacial activity and present-day glaciers (after Young &
Hastenrath 1991, fig. 1; made with Natural Earth).
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when these lakes began to recede, and this route is regarded as
a “central high Africa corridor” (Fig. 35, B); a filter-bridge between the Mediterranean Province and southern Africa. KirkSpriggs & McGregor (2009) cited examples of Mediterranean
provincial species of Ephydridae and the muscid genus Lispe
Latreille, occurring as far south as the Aïr massif in northern
Niger as examples of relict montane Diptera of Mediterran
ean provincial origin in the southern Hoggar Mountains; these
groups being associated with the margins of standing water.

Changing vegetation (Miocene–Quaternary)
The origins and history of the vegetation in Africa has had a
profound impact on the modern distribution of the flora and
fauna of the region, including the Diptera. The Neogene and
Quaternary were marked by a succession of changes which
affected the climate and played an important role in modifying
African flora and faunas. As a result of global and local events,
the forested environments began to dry and the faunal composition changed with altitude (Kirk-Spriggs 2010b).
Miocene East African plant communities are all of tropical
affinities and this implies that much of Africa would have been
positioned at the Equator from the Middle Cretaceous to the
Oligo-Miocene, when tropical forests formed a continuous
belt that stretched across the African continent from coast to
coast (e.g., Clarke & Burgess 2000; Kirk-Spriggs & Stuckenberg
2009: 163) (Fig. 24). During lower and basal Middle Miocene
times, northern Africa was also clothed in tropical forest and
woodland, while during the Late Miocene its vegetation affinities shifted toward savanna and semi-arid types (Kirk-Spriggs
2010b; Pickford 1999).
The establishment of contact between Africa and Eurasia at
the end of the Lower Miocene coincides with a major increase
in the degree of seasonality in world climates, while closure of
the choke point of the Isthmus of Panama (see below) during
the Pliocene likely sparked the onset of high-latitude Quaternary glaciations through the reorganisation of oceanic currents
(Pickford 1999).
Expansion of grasslands began in the Upper Miocene (ca
8–7 Mya), but grasses remained a low component of the
environment until the Late Pliocene (Senut et al. 2009) (Fig.
25). As the grasslands and savannas expanded, at the expense
of moist lowland forests, these forests were retained only at
high elevations on mountains and plateaus, especially along
the Rift Valley escarpments and in the Eastern Arc Mountains.
In a study of birds, Fjeldså & Bowie (2008), noted that these
upland forest remnants retain local populations that gradually
became genetically divergent, but remained morphologically
very much alike.
The Pliocene is regarded as the epoch during which the modern world began to emerge (Burckle 1996). It covers the transition between the warm temperate climate of the Miocene and
the cold Pleistocene. The Pliocene is, therefore, considered
a period of transition. The final linkage of North and South
America (e.g., the formation of the Isthmus of Panama) and the
closure of other choke points (being strategic narrow routes
providing passage through or to another region), the accelerated uplift of mountains and plateaus, the growth of ice sheets
in Greenland and West Antarctica, and in the Pleistocene,
MANUAL OF AFROTROPICAL DIPTERA – VOLUME 1

the periodic growth of continental ice sheets extending into
mid latitudes of the Northern Hemisphere all impacted on the
climate of the Pliocene epoch, which in turn must have influenced various evolutionary pathways leading to modern flora
and fauna. The Pliocene also apparently underwent unusually
warm periods; it was, therefore, warm and wet during the first
half (5–3 Mya) and cooler and dryer during the second (Burckle 1996; Kennett 1996; Kirk-Spriggs & McGregor 2009).
The global climate of the past 50 My has generally shown a
long-term cooling trend and only during limited intervals has
this trend accelerated in step-like fashion (Burckle 1996; Kennett 1996). During the Pleistocene temperatures fell synchronously everywhere and cooled the atmosphere sufficiently to
reduce evaporation from the oceans, resulting in glacial periods. The effects of these were felt worldwide and mountain
glaciers increased on all high mountains in the tropics, including the African mountains along the rift valley, allowing the
migration of cold stenotherms from the Holarctic to the African
Realms (Fig. 35, route C). Besides the lowering of temperatures, there was apparently an increase in rainfall over much of
the world during inter-glacials and a shift of temperature rain
zones towards the tropics into the subtropical desert zones.
Lakes increased in size in southwestern North America, southwest Asia, East Africa, South America and Australia; and what
are now arid regions on southwestern North America, North
Africa (Sahara), Australia, etc. were evidently better watered
and better vegetated than now and less of a barrier to nondesert animals. During the rainy inter-glacial ages, forests tended to expand and during the dryer glacial periods steppe and
desert (Kirk-Spriggs & McGregor 2009).
During the last glacial maxima (18,000 BP), the temperature
of the Atlantic Ocean dropped 4–5°C, whereas that of the Indian Ocean was similar to that of present (Lovett et al. 1988).
This implies that during the last glacial maxima the climate of
East Africa was similar to that of today, resulting in the overall
climatic stability of forests in eastern Africa (Lovett et al. 1988).
It has been suggested that the pan-African forest either broke
up only once, at the onset of East African aridification during
the Oligocene–Early Miocene (ca 33–20 Mya), or expanded
and contracted on multiple occasions following this initial
breakup (Couvreur et al. 2008). Using molecular phylogenies
and Bayesian divergence dates Couvreur et al. (2008) tested
the origin of African forest linkages of the plant family Annonaceae and provided strong evidence that East African endemic
lineages have multiple origins, dated to significantly different
times spanning the Oligocene and Miocene epochs. These
successive origins (ca 33, 16 and 8 Mya) coincide with known
periods of aridification and geological activity in Africa that
would have recurrently isolated Guineo-Congolian rainforest.

Afrotropical biomes
Most interpretations of contemporary distributions are based
on White’s (1983) vegetation map of Africa (Fig. 26), although
an alternative biome map of Africa was published by Mendelsohn et al. (2002) (Fig. 27). In tropical sub-Saharan Africa generally there are two vast biomes, equatorial rainforest (usually
termed the Guineo-Congolian rainforest), mostly in the western lowlands and savanna that occupies the greater part of the
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continent. The dipteran fauna of the region bears the imprint
of vast savanna evolution in the tropics and a complex vegetational biome history in the subtropical south (Mucina & Ruth
erford 2006). Madagascar has its own complex biome history
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and several interpretations have been adopted by different
workers to explain the distribution of organisms (Figs 28–30).
Kirk-Spriggs (2011) provided a brief account of Madagascar’s biomes and interpreted the distribution of species of Curtonotum

Figs 9.18–21. Disjunctions in the Diptera of Southern, East and North Africa and Wallace’s (1876) map of African zoogeographical regions: (18) Lampromyia Macquart and Alhajarmyia Stuckenberg (Vermileonidae); (19) Nemopalpus Macquart (Psychod
idae); (20) Habropogon appendiculatus species-group in the Palaearctic and Habropogon (Asilidae) species in the Afrotropics;
(21) Wallace’s (1876) map of Africa, indicating zoogeographical regions. Figs 18–20 (after Kirk-Spriggs & McGregor 2009, figs
1, 2, 7; South Sudan not indicated), Fig. 21 (Wallace 1876: iii).
Abbreviations: A – Lampromyia canariensis species-group; B – L. cylindrica species-group; C – L. pilosula species-group; D – Al
hajarmyia umbraticola (Stuckenberg & Fisher); E – A. stuckenbergi Swart, Kirk-Spriggs & Copeland.
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Macquart (Curtonotidae; see Chapter 103) according to these
defined biomes and other zones.
South Africa has the most diverse and distinctive Diptera
fauna in the Afrotropics. The country is ecologically complex,

with 24 bioclimatic regions in the scheme of Phillips (1959).
The Cape Floral Kingdom, Capensis, occurs in two famously
diverse biomes with ca 13,000 endemic plant species: these
are the Fynbos shrubland of the Cape Fold Mountains and the
Succulent Karoo (Taylor 1978: 173). So much topographic,

Figs 9.22–23. Saharan megalakes and archaeological evidence of hominid occupation: (22) Quaternary megalakes and their
catchments (ca 7500–6950 BP); (23) distribution of lake deposits and archaeological sites in northern Africa at ca 8000–9000
BP (after Goudie 1996), in relation to Quaternary Saharan megalakes. Figs 22, 23 (Kirk-Spriggs & McGregor 2009, figs 19, 20).
Abbreviations: A – Basin of Chotts; B – Ahnet-Moyer Megalake; C – Lake Magafezzan; D – Megachad.
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climatic and floristic diversity promoted radiation among the
Diptera and there are species-rich, systematically complex
faunas of the families Asilidae (see Chapter 48), Bombyliidae
(see Chapter 45), Empididae, Limoniidae (see Chapter 14),
Mydidae, Nemestrinidae (see Chapter 43), Tabanidae, Therevidae (see Chapter 49) and Vermileonidae (see Chapter 36).
Recent studies prove flies to be important as pollinators in the
Cape flora and there are numerous and often remarkable examples of convergent adaptations of the mouthparts for feeding in co-adapted flowers (e.g., Barraclough 2006a; Karolyi et
al. 2014; Kirk-Spriggs & Stuckenberg 2009: 158; Manning &
Goldblatt 1995; Morita (2008); Struck 1992, 1994).
The Fynbos flora is notable for its great taxonomic diversity and profuse flowering of nectar-bearing plants, many of
which have nectaries recessed in tubular corollas. This resource has evidently produced a co-adaptive response among
Diptera in that elongation of the proboscis has evolved. Such
an adaptation is frequent in species within the Acroceridae,
Bombyliidae, Nemestrinidae and Tabanidae and in some other
families among the Fynbos flies. Such proboscis development
is, in some of these cases, unique in the families concerned
(Stuckenberg 1998). Kirk-Spriggs & Stuckenberg (2009: 159)
reviewed examples noting the following: Arthroteles Bezzi
(Rhagionidae), Peringueyomyina barnardi Alexander (Tanyder
idae; see Chapter 15), Rhynchoheterotricha stuckenbergae
Freeman (Sciaroidea, unassigned to family; see Chapter 23)
and Forcipomyia subgenus Rhinohelea de Meillon & Wirth
(Ceratopogonidae). In addition the genera Braunsophila
Kröber and Xestomyza Wiedemann in the Fynbos-associated
fauna have some of the longest proboscis lengths in the usually
short-snouted Therevidae (M. Hauser, pers. comm. 2017).
In the montane environment of the Drakensberg escarpment
in the east of the country, another rich flora is present, where
many nectar-feeding flies occur. Among these is a species of
Arthroteles obviously derived from the main occurrence of the
genus in the Cape Fold Mountains. Proboscis elongation is also
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conspicuous among the Drakensberg dexiine Tachinidae (KirkSpriggs & Stuckenberg 2009: 159).
The Succulent Karoo biome occurs in southern Namibia
and north-west South Africa with a botanical diversity that is
unparalleled by any other arid region on Earth. The biome is
home to more than 5,000 higher plant species, almost 40% of
which are endemic and 18% of which are threatened. It has the
richest succulent flora in the world, harbouring about one-third
of the world’s ca 10,000 succulent species. Other unique features include the diversity of miniature succulents (435 species)
and geophytes (630 species). Examples of species apparently
restricted to the Succulent Karoo of southern Namibia include
Vermileonidae (Stuckenberg 2000), Mythicomyiidae (Evenhuis
2000; see Chapter 44), Dolichopodidae (Grichanov et al. 2006;
see Chapter 56), Rhiniidae (Kurahashi & Kirk-Spriggs 2006; see
Chapter 115) and Tephritidae (Hancock et al. 2001; see Chapter 71) (Kirk-Spriggs & Stuckenberg 2009: 163).

Rainforests
Africa is unusual in that the equatorial rainforests (Fig. 26,
A) have had a history of radical disturbance due to Neogene
climate change. Present-day Guineo-Congolian forests of Gabon, Congo, western Uganda and Angola were part of a vast
desert during the Miocene (Fig. 31) and that the supposed permanence of the position of Africa’s rainforests since the Oligocene is a myth. The modern rainforest occurs on very thin soil
(1–2 m depth), overlaying up to 250 m of aeolian sands (Fig.
31 (inset)), indicating that the extant tropical rainforest of the
Congo only set root in the area in relatively recent geological
time (Maley 1996; Pickford 1999; Senut et al. 2009).
It is noteworthy that the Guineo-Congolian forests of Central
Africa were not identified as a biodiversity hotspot by Myers
et al. (2000) and Kirk-Spriggs & Stuckenberg (2009: 164) hypothesised that the equatorial rainforest fauna is remarkably

Fig. 9.24. Inferred changes to the extent and distribution of forest cover in Africa since the Middle Cretaceous (shoreline changes
are not represented; changes in the position and orientation of the African continent are due to continental drift) (after Clarke
2000).
BIOGEOGRAPHY OF DIPTERA
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low in diversity and there is no evidence of a highly adapted
canopy fauna (Meadows 1996). Grootaert & Shamshev (2013)
recorded 32 species of Hybotidae, resulting from the Boyekoli
Ebale Congo Expedition 2010 (see Chapter 1), 25 of which
were described as new to science. They noted that their results
challenge this hypothesis, but it is here argued that Hybotidae
are ground-dwelling and numerous new species are common
in virtually all habitat types, so these results do not detract from
the overall conclusion.

Coastal forests of eastern Africa
The highly fragmented moist forests that today form the
Eastern Arc Mountains of Tanzania and Kenya, are well known
for their biological diversity and high degree of floral and
faunal endemism (e.g., Burgess et al. 1998a, 2007; Enghoff
2014; Lovett, 1988, 1989; Lovett et al. 1988) and the Eastern
Arc/Coastal Forests have collectively been ranked as the second-most important “endemism hotspot” on continental Africa
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(Burgess et al. 1998a; Myers et al. 2000). This “hotspot” is believed to contain at least 1,500 endemic plants, 16 mammals,
22 birds, 50 reptiles and 33 amphibians (Burgess & Clarke
2000; Burgess et al. 1998b; Lovett & Wasser 1993; Myers et al.
2000). The invertebrates have received disproportionately less
attention. Burgess et al. (1998a: 43, table 3) noted that 265
invertebrate species are regarded as endemic to single mountain blocks and that the most endemic-rich mountains are the
East and West Usambaras, the Udzungwas and (especially) the
Ulugurus. The Diptera was not treated as part of their analysis
and knowledge of the arthropods in general is extremely poor
(Pape & Scharff 2015). The Diptera have received even less
attention than other invertebrates (Doczkal & Pape 2009; Kaae
et al. 2015; Kirk-Spriggs 2010b). Kirk-Spriggs (2010b) plotted
the distribution of the East African endemic genus Tigrisomyia
Kirk-Spriggs (Curtonotidae), which occurs throughout the Eastern Arc, but also extends southwards into the Malawi section
of the Great Rift Valley forests, a pattern also noted by Blackburn & Measey (2009) in some Eastern Arc frogs.

Fig. 9.25. Reconstruction of vegetation history of continental Africa (20,000 BP to present), indicating expansion of grasslands and
retraction of forests (after Adams & Faure 1998).
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The ancient crystalline mountains that form the Eastern
Arc and those associated with the Malawi Rift system were
probably in existence from the Cretaceous (e.g., Beek et al.
1998; Daszinnies et al. 2008; Lovett et al. 1988; Sowerbutts
1972) and the strong floristic affinities of Afromontane forests
in the Eastern Arc and the Malawi Rift mountains with species occurring in the extant forests of the Guineo-Congolian
rainforest have been noted by numerous authors. DowsettLemaire (1989), for example, noted that Afromontane nearendemic trees have satellite populations in mid-altitude forest
in south-central Africa (on the Zaïre-Zambezi watershed) and
in some upland areas of Congo, Gabon and Cameroon, suggesting a former connection via an Eocene pan-African rainforest. Lovett et al. (1988) note similar affinities in the angiosperm
flora of the Eastern Arc. Evidence of such linkages is also apparent in some genera of African Odonata (Clausnitzer 2003).

Afromontane forests
Afromontane forest occurs in South Africa, on the eastern
escarpment and other sites with orographic rain (Partridge &
Maud 1987). Similar forests are scattered along the rift valley escarpments in successive countries to the north and on
uplands and isolated mountains. To the north, the Ethiopian
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Highlands, which began to rise in the Tertiary (ca. 75 Mya),
form a rugged mass of mountains in Ethiopia, Eritrea and
northern Somalia in north-eastern Africa, reaching elevations
of 1,500–4,600 m. The opening of the series of rift valleys at
the end of the Pliocene divided these highlands, thus creating Africa’s great salt lakes. This rifting gave rise to large, alkali
basalt shield volcanoes in the Ethiopian and Virunga regions
beginning about 25–29 Mya. The associated forests of these
mountains share a characteristic dipteran fauna whose patterns of endemism and cladogenesis suggest that the apparent
ecological gaps between these forests may not in fact invariably be barriers to dispersal and faunal exchange. Species of
the chamaemyiid genus Leucopis subgenus Leucopella Malloch
(see Chapter 76) have been shown to occur in the Great Rift
Valley forests and the Ethiopian Highlands, but one species is
restricted to the Arabian Peninsula (Gaimari & Raspi 2002). A
similar distribution is exhibited by true examples of the curtonotid genus Cyrtona Séguy, species of which appear to have
radiated along the Great Rift Valley forests and dispersed into
coastal areas of South Africa (Kirk-Spriggs & Stuckenberg 2009:
165).
There may be a localised montane hot spot in the Cameroon area, where a still undescribed blepharicerid occurs (see

Figs 9.26–27. Phytochoria and biomes of continental Africa: (26) phytochoria of Africa as defined by White (1983); (27) the biomes of continental Africa. Fig. 26 (after Kirk-Spriggs & Stuckenberg 2009, fig. 6.1), Fig. 27 (after Mendelsohn et al. 2002: 97).
Abbreviations: A – Guineo-Congolian centre of endemism; B – Zambezian centre of endemism; C – Sudanian centre of endemism; D – Somalia-Masai centre of endemism; E – Cape centre of endemism; F – Karoo-Namib centre of endemism; G
– Mediterranean centre of endemism; H – Afromontane archipelago-like regional centre of endemism; I – Afro-alpine archipelago-like region of extreme floristic impoverishment; J – Guineo-Congolian/Zambezia transition zone; K – Guineo-Congolian/
Sudania transition zone; L – Lake Victoria regional Mosaic; M – Zanzibar-Inhambane regional Mosaic; N – Kalahari-Highveld
transition zone; O – Tongoland-Pondoland regional Mosaic; P – Sahel transition zone; Q – Sahara transition zone; R – Mediterranean/Sahara transition zone.
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above). This is supported by the Cameroon forests supporting
endemicity for birds (Stuart et al. 1993) and butterflies (de Jong
& Congdon 1993). The Ruwenzori massif in Uganda also has
some remarkable Diptera, such as the endemic, monotypic psychodid genus Eutonnoiria Alexander, one of only three endemic
genera of Psychodidae in Africa (Duckhouse & Lewis 1980).

Savanna
Savanna (termed the Sudano-Zambezian Region, Fig. 26, B,
C) is characteristic of much of the vast expanse of the flat landscape of tropical Africa surrounding the Guineo-Congolian Region (Werger & Coetzee 1978: 303). It varies from grassland
to woodland with grasses and it is an old biome with a highly
adapted invertebrate fauna, which forms complex mosaics as
exhibited, for example, in the chrysomelid beetle genus Mono
lepta Chevrolat (Kirk-Spriggs 2003; Wagner 2001). With the
limited rainfall confined to the warmest months, the Diptera of
the savanna are highly seasonal and also fire-adapted (Phillips
1965). The vast extent of this relatively homogeneous grassland
is reflected in the wide distribution of many of the flies (e.g.,
Asilidae and Bombyliidae), with even small graminivorous acalyptrates, e.g., Chloropidae, ranging from Ethiopia to South
Africa. Although great expanses of the African savanna remain
poorly sampled and our knowledge is largely based on scattered records and type localities, centres of endemicity in the
grasslands are apparent. Poor sampling of African grasslands
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in general may be largely due to the misconception that such
habitats are largely monotonous (Kirk-Spriggs & Stuckenberg
2009: 166).
The environment has produced convergent adaptations of
body form, colouring and behaviour among the smaller flies.
Ismay (2000: 273) has noted, for example, the number of small
species of Chloropidae (see Chapter 96) in the Afrotropics that
are bright yellow in colour with a distinct black, shiny pleural
macula. He notes that this similarity occurs in the chloropid
genera Arctuator Sabrosky, Conioscinella Duda, Oscinimor
pha Lioy and Pselaphia Becker as occurring in Namibia and
in some Milichiidae (see Chapter 95), Phoridae (see Chapter
59) and Hybotidae (see Chapter 52). Water-retaining cavities
and rot holes in savanna trees are important breeding sites for
taxa, and synchronous, wet-season flowering of trees provides
a critical resource of nectar and pollen for many Diptera. The
role of Diptera as pollinators of flowering trees is surely underestimated in Africa. Radiation of the larger savanna mammals
prompted diversification of the Oestridae (see Chapter 119),
the greatest development having been in the Afrotropics and
the Palaearctic Region: the two African rhinoceros species are
hosts to the larvae of the two magnificent species of Gyrostig
ma Brauer, the future of which is looking increasingly precarious with the dwindling numbers of their hosts (Barraclough
2006b) (see Chapters 10 & 119) (Kirk-Spriggs & Stuckenberg
2009: 167).

Figs 9.28–30. Biomes, biogeographic and bioclimatic zonation of Madagascar: (28) biomes of Madagascar; (29) biogeographic
zonation of Madagascar; (30) bioclimatic zonation of Madagascar. Figs 28–30 (after Kirk-Spriggs 2011, figs 105–107).
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Arabian Peninsula
Conventional biogeographical reconstructions on a globe of
constant dimensions during Jurassic/Cretaceous times (e.g., Figs
1, 2) indicate that non-African Arabia formed the western end
of the Neotethys Ocean that separated a northern Laurasia from
a southern Gondwana (Fig. 1). This ocean has been conceived
as narrow, probably epicontinental in the west, broadening out
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to a vast, deep oceanic expanse at the eastern end, where it
separated the Australian plate from Asia and the developing
terranes of South-East Asia. Cranston & Judd (1989) noted that
geological evidence of sea-level changes (e.g., Adams et al.
1983) suggests that the Arabian Peninsula lay predominantly beneath the Neotethys, with the exception of high ground
bordering the Rift Valley along the north-west trending Red
Sea (Figs 1–3). The retreat of the Neotethys Ocean in the Late

Fig. 9.31. Miocene deserts of the Congo Basin, indicating that areas that today are among the continent’s most humid regions
(represented by the current permanent rivers), were arid to hyper-arid during this period (inset: photograph of Miocene
dune-bedding in bank of Congo River). Fig. 31 (after Senut et al. 2009, fig. 1; made with Natural Earth).
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Palaeogene (Oligocene, ca 34–24 Mya) exposed the presentday Arabian Peninsula. This was followed by aridification of
the Arabian Peninsula at the beginning of the Miocene, with
intensification during the Pliocene and Quaternary (Pickford
1999, 2000; Pickford et al. 2006).
Afrotropical species of Chironomidae in Arabia are restricted to long-term non-inundated montane areas along the Red
Sea (Cranston & Judd 1989). Endemism is low with only one
postulated vicariant speciation across the Red Sea opening
proposed. All other Afrotropical species in the Arabian Peninsula are morphologically undifferentiated from populations
on the opposite (Ethiopian) side of the Red Sea. In a study of
the more recent genus Curtonotum, Kirk-Spriggs & Wiegmann
(2013) noted that C. simile Tsacas (the only species that occurs
on the Arabian Peninsula) also occurs across the Red Sea in
Eritrea (Fig. 34), but is otherwise widely distributed in the Arabian Peninsula, occurring as far north as Israel and as far east
as Oman. Its closely related sister species, C. saheliense Tsacas
occurs in continental Africa, in the semi-arid zones to the west
of the Ethiopian Highlands, which likely acted as a barrier inducing vicariant speciation. Kirk-Spriggs (2010a) also recorded Axinota ahdabi Kirk-Spriggs (Curtonotidae) at elevations of
1,400 and 2,200 m in the Asir highlands of Yemen. This species belongs to a predominantly Oriental species-group and
the founder species may have arrived from the Orient via Polar
Continental air masses that affect the Arabian Peninsula in winter and originate from central Asia (Fisher & Membery 1998:
8, fig. 2.1). As the climate became more arid the species may
have retreated into the uplands of the Asir range.

Namib Desert and Brandberg massif
Along the Atlantic coast of Namibia and southern Angola is
the spectacular Namib Desert, the oldest in Africa, the aridification of which began in the early Middle Miocene (ca 16
Mya) (Barnard 1998). Aridification of the Namib Desert also
impacted on the adjacent mountains (Namibian Escarpment
and desert inselbergs). The Diptera fauna includes some peculiar, desert-adapted mydids that survive through autogeny;
the flies have vestigial mouthparts and their larvae store nutrients for oogenesis (Wharton 1982). Adaptations to extreme
xeric conditions are also demonstrated in the camillid genus
Katacamilla Papp, recorded as breeding in dung in rock hyrax abodes and in arid bat caves in Namibia; eggs have been
shown to survive extended periods of desiccation in a viable
state, larval development being triggered by seasonal precipitation or the urine of bats and other cave-dwelling mammals
(Barraclough 1998; Kirk-Spriggs et al. 2002).
An extraordinary discovery of an old lineage of Diptera was
unexpected in the Namib Desert: a species of Homalocnemis
Philippi (Fig. 13) (see above) was collected on a flowering succulent between the desert dunes and the beach. Other species
of the genus occur in humid forests in Chile and New Zealand
(Chvála 1991). Other notable examples of flies restricted to
the hyper-arid region of Namibia include Orthactia deserti
cola Lyneborg (Therevidae) and Zumba antennalis (Villeneuve)
(Rhiniidae) (Kirk-Spriggs & Stuckenberg 2009: 160) and the
genera Eremohaplomydas Bequaert and Namibimydas Hesse
(Mydidae).
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On the edge of the Namib Desert is the impressive Brandberg massif (Fig. 10); Namibia’s highest mountain (highest peak
Konigstein 2,575 m), which comprises a massive inselberg 650
km2 in size, rising 1.8 km above the Namib peneplain. The
Brandberg is a granitic ring complex, which pre-dates the
break-up of Gondwana and thus also the change in continental climatic and environmental conditions that prevailed during
the Plio-Pleistocene (Marais & Kirk-Spriggs 2000: 91). Geologically, it consists of a series of alkaline granites that intruded
into the throat of an active volcano in the Early Cretaceous (ca
300 Mya) (Miller 2000: 17). The extensive undulating upland
plateau (ca 2000 m) exhibits a winter rainfall climate and associated flora and shares floral elements with the Succulent
Karoo biome of southern Namibia (Kirk-Spriggs 2003). The
orographic rainfall and vegetation of the Brandberg, coupled
with its long isolation, has created refugia for Gondwanan
faunal elements and it has a relatively high proportion of endemic species as a result. Most strikingly was discovery of the
genus Alavesia Waters & Arillo (Atelestidae; see Chapter 54),
previously known only from Cretaceous amber from Burma
and Spain (Sinclair & Kirk-Spriggs 2010) and the monotypic
Sciarotricha biloba Hippa & Vilkamaa (Sciaridae; see Chapter
21) confined to the upland plateau, which is the only representative worldwide of the subfamily Sciarotrichinae (Hippa &
Vilkamaa 2005). Other notable endemic species include the
dolichopodid Schistostoma brandbergensis Shamshev & Sinclair, the vermileonid Leptynoma (Perianthomyia) monticola
Stuckenberg, the mythicomyiid genus Hesychastes Evenhuis
and species Psiloderoides dauresensis Kirk-Spriggs & Evenhuis
(Kirk-Spriggs & Stuckenberg 2009: 162).

Coastal habitats
While most of Africa has undergone ceaseless climate fluctuations, generating the expansion and contractions of forests and
savannas over millennia, the continent’s arid coasts have remained relatively stable (Barnard 1998). A study of the marinelittoral biogeography of the Diptera of the south-western and
southern African seaboard (Kirk-Spriggs et al. 2001) showed
the influence of the cold Benguela and warm Agulhas currents
(Fig. 32) and the associated primary production of kelp (KirkSpriggs & Stuckenberg 2009: 166). The Benguela Upwelling
System is also significant, as it results in fog, which is the main
source of moisture in the hyper-arid Namib Desert of Namibia.
Kirk-Spriggs et al. (2001) mapped the distribution of the three
species of Afrotethina Munari (Canacidae; see Chapter 93) on
the south-western seaboard, which clearly inhabit defined marine zones (Fig. 33). Some families of flies are almost exclusively coastal, i.e., Canacidae and Coelopidae (see Chapter 77),
while some large families of flies include intertidal genera in
the region, e.g., Anthomyiidae (Fucellia Robineau-Desvoidy;
see Chapter 111); Asilidae (Clinopogon Bezzi and Haroldia
Londt); Chironomidae (Telmatogeton Schiner and Thalassomya
Schiner); Chloropidae (Eutropha Loew); Dolichopodidae (Am
phithalassius Ulrich, Aphrosylus Haliday, Argyrochlamys Lamb,
Cemocarus Meuffels & Grootaert and Plesiothalassius Ulrich);
Sphaeroceridae (Archicollinella Duda and Thoracochaeta
Duda; see Chapter 99); Tabanidae (Adersia Austen, Braunsio
myia Bequaert and Neavella Oldroyd); and Therevidae (Acath
rito Lyneborg).
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Oceanic islands

endemic) and Nemestrinidae are represented by only one
species. Much of the fauna could still be unknown — the
first verm
ileonid was discovered quite recently by M.E. Irwin (Stuckenberg 2002), two species of Rhinophoridae await
description, at least 100 undescribed species of Lauxaniidae
have been collected and additional families are likely to be recorded. With fewer than 2,500 recorded species, considerably
more collection and study of Malagasy Diptera is being coordinated (see Chapter 1) (Kirk-Spriggs & Stuckenberg 2009: 167,
168) and additional study of sampled material is required.

Oceanic islands have long attracted the interest for biogeographers in terms of dispersal and historical biogeography.
Those oceanic islands in the Atlantic and Indian Oceans that
form part of the Afrotropical Region (as defined in Chapter 1,
fig. 1), are of three distinct origins that have had a profound
effect on the composition of the flora and fauna: 1) islands
formed of fragments of the supercontinent of Gondwana; 2)
volcanic islands resulting from oceanic hot spots; and 3) islands associated with the African continental shelf. The greater
number of oceanic islands that form part of the Afrotropical
Region have resulted from oceanic hotspots; portions of the
Earth’s crust where lava pushes up from beneath the mantle
and creates a volcano. This may be caused by a rising mantle
plume or some other cause. Hotspots may occur far from tectonic plate boundaries.

Islands of Gondwanan origin
Both Madagascar and Seychelles are ancient fragments of
Gondwana which separated from Pangea from the Middle Jur
assic to the Early Cretaceous (Figs 1–3, 4). The Madagascan
Diptera encompass a remarkable mix of relationships, but only
one apparent endemic Gondwanan relict; the blepharicerid
genus Paulianina (see above). Oriental and African relationships occur in numerous families, though few with South Africa. Some large families are poorly represented — there are
few Bombyliidae (18 species in eight genera, 16 of which are

There has been little consensus among biologists in respect
to the origins of Madagascar’s unique biota (Wilmé et al.
2006), although most appear to agree that this resulted either
from vicariance (in the case of “ancient” groups), or from some
form of long-distance dispersal event followed by founder effect speciation and various means of ad hoc “sweepstake” and
“stepping stone” scenarios (e.g., Cox 1998; Heads 2009; Trewick 2000; Yoder & Nowak 2006), have been promulgated
to explain this (De Wit 2003; Krause et al. 1997). This latter
represents transoceanic distribution of African founder individuals from 65.5 Mya to the present, with rafting and flight being
the main explanation for such events. Yoder & Nowak (2006)
noted overwhelming evidence of Cenozoic dispersal, with
many endemic clades of Malagasy taxa having closest sistergroup relationships with African taxa. In respect to Apoidea
(Hymenoptera), Eardley et al. (2009) have, for example, suggested dispersal via vegetation rafts arising from tsunamis, or
from extreme floods in East Africa (the larger rivers depositing

Figs 9.32–33. Oceanic currents and distribution of Canacidae in Southern Africa: (32) ocean currents around the Southern Africa
coast; (33) geographical distribution of the three species of Afrotethina Munro (Canacidae) on the south-western seaboard of
Africa. Fig. 32 (after Linacre 2002, fig. 1 and Brown & Jarman 1978, fig. 1, combined), Fig. 33 (after Kirk-Spriggs et al. 2001,
fig. 80; made with Natural Earth).
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suitable material into the Mozambique Channel), to explain
faunal connections between continental Africa and Madagascar (Kirk-Spriggs 2010a).
In a review of the Diptera of Madagascar, Irwin et al. (2003)
discussed the origins and composition of the fauna. They noted that endemism in the Brachycera is rather high with 17%
of genera and 79% of species found only there. Some conclusions published in that chapter are, however, in need of critical
review on a family by family basis. In the case of the Asilidae,
for example, a more recent unpublished assessment (M. Hauser, pers. comm. 2017), indicates there to be a very strong continental Afrotropical affinity with the Malagasy fauna and also
a strong element of continental Afrotropical/Oriental genera,
but this connection is rather Oriental to Africa to Madagascar
and not necessarily Oriental to Madagascar. It is also apparent
that the asilid taxa shared with the Neotropics and Madagascar
are largely those with a global distribution. Interpretation of
fly distribution on Madagascar has been limited by the poor
number of specimens available. Tsacas (1974), for example,
based his preliminary studies of Malagasy Curtonotum on only
38 specimens. Substantial additional material is now available through “An Arthropod Survey of Madagascar’s Protected
Areas” (see Chapter 1) and examination of this material is enabling a more complete interpretation of distribution on the
island. Kirk-Spriggs (2011), for example, recorded 13 species
of Curtonotum from Madagascar, 12 of which are endemic to
the island. The Malagasy fauna represents 35% of the Afrotropical fauna as a whole and all species-groups of Malagasy
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fauna were probably derived from African founder individuals.
A similar pattern is exhibited in the Stratiomyidae, with all native Malagasy taxa appearing to result from dispersal from the
continental Afrotropics, with Madagascar having a rather high
percentage of species compared with the mainland (M. Hauser, pers. comm. 2017).
Being granitic in composition, the Mahé-Praslin group of
mid-oceanic Seychelles are continental in origin (see above).
In this they are unique, as all other truly mid-oceanic islands
(other than Madagascar) are of volcanic origin. The granitic
Seychelles islands are in fact exposures of a submerged, elongate microcontinent that lies amid the western Indian Ocean.
Before 160 Mya, however, the Indian Ocean did not exist
and the Seychelles microcontinent was sandwiched between
north-eastern Madagascar and western India, within the super
continent of Gondwana (Fig. 4) (McLoughlin 2001). At ca 160
Mya Gondwana split into two and Madagascar-SeychellesIndian lay along the margin of Gondwana. East Gondwana then
gradually disintegrated, with Antarctica-Australia carving off at
120 Mya and Seychelles-Indian leaving Madagascar at ca 85
Mya. By 65 Mya the Seychelles microcontinent had reached
its current position in respect to Madagascar, although still attached to India (Fig. 2) (Gerlach 2013; Plummer & Belle 1995).
The Diptera fauna of Seychelles is diverse, as compared to
other Indian Ocean islands of volcanic origin. Sæther (2004)
reviewed the Chironomidae and noted that 28 species are
known from the islands, most of which were endemic. Some

Fig. 9.34. Distribution of the two sister species, Curtonotum saheliense Tsacas and C. simile Tsacas (Curtonotidae) in continental
Africa and the Arabian Peninsula, mapped over mean annual precipitation (Kirk-Spriggs & Wiegmann 2013, fig. 327; South
Sudan not indicated).
MANUAL OF AFROTROPICAL DIPTERA – VOLUME 1
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species among the (probable) marine intertidal chironomids
are known from Micronesia, or have close relatives in the Oceanic, Oriental or eastern Palaearctic Regions, whereas other
species were widespread in the continental Afrotropics. The
diverse fauna of Ceratopogonidae, with species in 14 genera,
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was described by Clastrier (1983) and Cariou et al. (2009: 380)
noted that the fauna of Drosophilidae includes eight virtually
cosmopolitan species, seven in common with continental Africa and two in common with both the Afrotropical and Oriental Regions. They noted that seventeen species are probably

Fig. 9.35. Proposed faunal migration routes in the Afrotropical Region during the Pliocene and Pleistocene: yellow dark arrows
indicate tropical elements; dotted arrows indicate southern Saharan orophilic elements; dashed arrow indicate Mediterranean
provincial elements (after Quézel 1978; South Sudan not indicated).
Abbreviations: A – Atlantic coastal corridor; B – central high Africa corridor; C – Rift Valley corridor; D – Eastern high Africa
corridor.
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endemic and the remaining species probably also occur on
Madagascar. A significant contribution to the knowledge of the
Diptera of the Seychelles was published recently by Gerlach
(2009).

Dispersal biogeography
Dispersal biogeography (reviewed by Cranston 2005: 282),
views organisms as having identifiable centres of origin from
which they spread. For the Afrotropical Region, Kirk-Spriggs
& McGregor (2009) proposed four possible migration (or dispersal) routes (or corridors) between the Holarctic and Africa
and within continental Africa and the Arabian Peninsula during
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the Pliocene and Pleistocene (Fig. 35): an Atlantic coastal corridor (Fig. 35, A); a central high Africa corridor (Fig. 35, B);
a Rift Valley corridor (Fig. 35, C); and an Eastern high Africa
corridor (Fig. 35, D). Topographical features of the African continent are significant for fly distribution. The Great Rift Valley
of East Africa, High Africa and mountain chains of the Arabian
Peninsula have likely acted as pathways for floral and faunal
radiation. The evidence of Lake Megachad and other Saharan
palaeolakes (see above) indicate that faunal transfer may have
occurred along a humid central high Africa corridor (or other
probable routes illustrated in Fig. 35), between the Mediterran
ean Province and southern African regions or vice versa, as
evidenced by Mediterranean provincial and tropical African
floral elements retained in and around the central Saharan

Fig. 9.36. Prevailing surface winds in July (A) and January (B) indicating seasonal distribution of the Inter-Tropical Convergence
Zone (ITCZ) (sinuous bands containing dashed line), prevailing winds (maroon arrows) and most frequent winds (black arrows).
The ITCZ exhibits distinct salient in summer over north-eastern Asia (A) and over South America and Southern Africa (B) (after
Johnson 1969; made with Natural Earth).
MANUAL OF AFROTROPICAL DIPTERA – VOLUME 1
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mountains. Diptera studies in the Aïr massif have revealed a
significant number of Mediterranean provincial species which
occur on the southern Hoggar, evidence supporting a recent
connection of the two regions during pluvial periods.
Anemochory or atmospheric dispersal has and continues to
play a role in dispersal, at least of small weak-flying Diptera.
Diptera are highly mobile and a recent review (Kirk-Spriggs
& McGregor 2009) has highlighted the significance of aerial
dispersal in the colonisation of oceanic islands and as a means
of mixing faunas within and between zoogeographical realms
and regions (Kirk-Spriggs 2010a).
Many plants and animals increase their ranges by passive
mechanisms of dispersal; those which do so by means of
wind or water are termed anemochore (Udvardy 1969: 34)
or anemohydrochorous (Müller 1974: 35). As Cranston (2005:
281) states: “The occurrence of particular insects in the aerial
planktonic drift supports dispersal powers, as does the regular
arrival (not necessarily establishment) of non-native taxa on the
opposite shores of bodies of water, such as the English Channel or the Tasman Sea.” Numerous studies have examined the
aerial distribution of insects in the upper atmosphere (e.g.,
Chapman et al. 2004; Freeman 1945; Glick 1939; Hardy &
Milne 1938; White 1974) and it has been demonstrated that
the atmosphere of temperate regions contain a variable density (0.1–110 × 106 per km2 to 4,300 m) of flying and drifting
airborne arthropods termed “aerial plankton” by some authors
(Bowden & Johnson 1976; Pugh 2003; White 1974).
Most authors have ranked the small weak-flying Diptera (especially smaller “Nematocera” and Cyclorrhapha), as the most
significant components of this “aerial plankton”, along with
the Hemiptera; Diptera being one of the few orders of insects
with species reaching elevations exceeding 4,000 metres. The
families Chironomidae, Ceratopogonidae and Psychodidae in
the “Nematocera” and Chloropidae, Phoridae, Syrphidae (see
Chapter 60), Ephydridae (see Chapter 100), Drosophilidae and
Agromyzidae (see Chapter 86) in the Cyclorrhapha are particularly common in such samples (Bowden 1978: 779). Recent examination of Diptera resulting from sticky panels affixed to tethered helium-filled balloons at 100–200 m above ground level
in Mali, sampled 17 families of Diptera, with the Chironom
idae, Chloropidae, Drosophilidae, Lauxaniidae and Muscidae
being dominant in samples (A.H. Kirk-Spriggs, pers. obs.).
Small insects, spiders and mites in the upper atmosphere
can be transported considerable distances and have been sampled on ships far out to sea (e.g., Bowden & Johnson 1976;
Harrell & Holzapfel 1966; Harrell & Yoshimoto 1964; Pryor
1964), as a result of which this means of dispersal has been
partly attributed to the colonisation of oceanic islands (e.g.,
Gressitt & Yoshimoto 1963). Although the distance they can
travel at low altitudes is dependent on flight capacity (Pugh
2003), at altitudes of 4,000 m or more these small insects are
said to drift passively for prolonged distances of 200–800 km
(Bowden & Johnson 1976; Pugh 2003). If such insects are to
colonise successfully, then this is obviously dependent on survival and the viability of the habitat in which they eventually
find themselves.
A prime factor in north–south dispersal between zoogeo
graphical realms and zones are winds associated with the

225

Inter-Tropical Convergence Zone (ITCZ) (Fig. 36), which experiences a major seasonal shift from equatorial Africa in July
(the hottest month in the Sahara) and southern Africa in July
(the coldest). In July prevailing winds move northeast, east or
south towards the Equator, whereas in January these move
south-westwards across the Sahara and sweep through southern Africa. Corbet (2003) has demonstrated that such winds
are instrumental in the migration of certain Odonata to and
from wetter areas and the effect therefore on small weak-flying
Diptera can be assumed to be at least a magnitude greater.
There is also little evidence to suggest that prevailing winds
evident today were the same in the distant or recent past and
strong winds (jet streams) that frequently blow in entirely different directions from that of surface winds may also lead to dispersal (Udvardy 1969: 35). Bowden (1978) considered these
factors in his examination of the zoogeography of southern
African Diptera. He restricted his interpretation of zoogeography to the Brachycera, particularly the Asilidae, Bombyliidae,
Mydidae and Nemestrinidae, drawing few examples from the
“Nematocera” and Cyclorrhapha. This was in part due to the
fact that most of the families selected were rare in, or absent
from, aerial catches and many are host-associated or specific,
with definable ages of evolution.

Wing reduction in Afrotropical Diptera
Wing reduction in insects is common (Brues 1903; Byers
1969; Hackman 1964; Hemmingsen 1956; Papp 1979; Richards 1957, 1960, 1965, 1968). Reduction of wings with accompanying flightlessness is known from more than 20 families
of Diptera (Hackman 1964) and Bezzi (1918) listed 384 species exhibiting wing reduction globally. Some of the best documented cases relate to the Pacific Hawaiian Is. (e.g., Evenhuis
1997; Hardy & Delfinado 1974). Such wing reductions can be
broadly categorised as responses to three general types of selective pressure: 1) climatic, especially to cold or overcast habitats, in alpine areas, high latitudes and islands; 2) adaptation
to parasitism, either as inquilines in the nests of social insects or
on vertebrate hosts; and 3) life in cryptic habitats, where wings
would have little function or be easily damaged (Bickel 2006).
Hackman (1964) divided Diptera with reduced wings into nine
groups: (1) high elevation Diptera; (2) Diptera in arctic, subarctic and sub-Antarctic mainland habitats; (3) nival Diptera; (4)
Diptera of oceanic islands; (5) Diptera on seashores; (6) marine Diptera; (7) Diptera in various terricolous and hypogeous
habitats; (8) Diptera in nests of Hymenoptera and termites;
and (9) parasites of warm-blooded animals. Not all of these
groups apply to Afrotropical Diptera, notably groups 2 and 3.
Hackman further defined four categories of wing reduction
in Diptera as follows: 1) distinctly reduced, not permitting
flight, broad and more or less blunt, shorter than abdomen,
if wing small, at least radial veins still distinct (brachyptery);
(2) very narrow, not permitting flight, at least radial veins distinct (stenoptery); (3) reduced to a tiny appendage of varying
shape, broad or narrow, at most with only traces of radial vein
(microptery), or (4) reduced to minute scale, at most carrying
some setae, or entirely absent (aptery). Flightlessness affects
other structures, such as the reduction or loss of halters, loss
of flight muscle and associated thoracic shrinkage and modification of the legs for cursorial life (Bickel 2006). In addition,
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Figs 9.37–42. Examples of Diptera with reduced wings: (37) Symplecta (Symplecta) holdgatei (Freeman) (Limoniidae), dorsal view,
micropterous ♂ endemic to Gough Is. (Tristan du Cunha group); (38) Lyneborgia stenoptera Irwin (Therevidae), lateral view,
brachypterous ♀ endemic to coastal South Africa; (39) Epidapus (Pseudoaptanogyna) pallidus (Séguy) (Sciaridae), lateral view,
micropterous ♀; (40) Pnyxia scabiei (Hopkins) (Sciaridae), lateral view, apterous ♀; (41) Braula sp. (Braulidae), frontolateral
view, apterous ♀ ectoparasitic on honey bees; (42) Apterosepsis basilewskyi Richards (Anthomyzidae), lateral view (above),
dorsal view (below), micropterous ♀ endemic to Mt Meru, Tanzania. Fig. 37 (after Jones et al. 2003, fig. 27), Fig. 38 (Irwin
1973, fig. 3), Fig. 39 (after Séguy 1961, fig. 1), Fig. 40 (Menzel & Mohrig 2000, fig. 428), Fig. 41 (Barraclough 1995, fig. 18).
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Figs 9.43–51. Examples of Diptera with reduced wings (cont.): (43) Carnus hemapterus Nitzsch (Carnidae), lateral view, micropterous ♀ associated with nestling birds (non-Afrotropical); (44) Aenigmatistes sp. (Phoridae), lateral view, apterous ♀, associated
with termitaria; (45) Wandolleckia achatinae Cook (Phoridae) apterous females, associated with giant African land snails of the
genus Achatina Lamarck; (46) Dolichocephala fugitivus (Garrett Jones) (Empididae), lateral view ♂, endemic to the Ruwenzori
Mountains, Uganda; (47) Stilpon leleupi Smith (Hybotidae), frontal view, ♀ from indigenous forests of South Africa; (48) Reunio
nia unica Papp (Sphaeroceridae), lateral view, ♂ endemic to Réunion Is.; (49) Pismira uvira Richards (Sphaeroceridae), lateral
view, ♀ from Democratic Republic of Congo; (50) Ocellipsis cyclogaster Richards (Sphaeroceridae), lateral view, ♀ endemic
to Mt Elgon, Kenya; (51) Scutelliseta mischogaster Norrbom (Sphaeroceridae), frontolateral view, associated with indigenous
forests in South Africa. Figs 43–45 (photographs © S.A. Marshall), Fig. 48 (after Papp 1979, fig. 7), Figs 49, 50 (after Roháček
et al. 2001, figs 21, 18, respectively), Fig. 51 (Barraclough 1995, fig. 19).
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newly emerged imagines may be fully winged, but lose at least
the greater part of the wing when they reach the feeding locality. Such caduceus wings are known in relatively few dipterous
families and include parasitic flies, such as the blood-sucking
Carnus hemapterus Nitzsch (Carnidae; see Chapter 93) (Fig.
43) on nestling birds, the genera Ascodipteron Adensamer and
Lipoptena Nitzsch (Hippoboscidae; see Chapter 109) and all
females of the subfamily Termitoxeniinae (Phoridae), that are
associated with termites (R.H.L. Disney, pers. comm. 2016).
Examples of wing reduction are found in 17 families of Diptera that occur in the Afrotropics. Some are associated with
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birds, mammals and bees (Braulidae (see Chapter 105), Carn
idae, Hippoboscidae and Mormotomyiidae (see Chapter 101)),
but most are either restricted to remote oceanic islands (both
Atlantic and Indian Oceans) or to remote mountain peaks
at high elevations and so have great biogeographical significance, although all families with flightless representatives are
reviewed below for the sake of completeness. Due to the lack
of diagnostic wing characters and strange body forms exhibited
by many flightless species, ascribing these to the correct family
has proven problematic in some cases, e.g., Apterosepsis basil
ewskyi Richards (Fig. 42) (see Chapter 87), which has been
placed in the families Sepsidae (see Chapter 79), Chloropidae

Figs 9.52–56. Examples of Diptera with reduced wings (cont.): (52) Melophagus ovinus (L.) (Hippoboscidae), dorsolateral view, ♀
ectoparasitic on sheep; (53) Mormotomyia hirsuta Austen (Mormotomyiidae) dorsal view, ♂ associated with bats in rock fissures
in Kenya; (54) Alombus sp. (Chloropidae), lateral view (above), dorsal view (below); (55) Scaptomyza (Parascaptomyza) frustu
lifera (Frey) (Drosophilidae), dorsal view (above), lateral view (below), ♂ confined to Tristan da Cunha Is. group; (56) Diopsina
draconigena Feijen (Diopsidae), dorsal view, ♂ (above), lateral view ♀ (below), from the Drakensberg Mountains, South Africa.
Fig. 52 (photograph © S.A. Marshall), Fig. 54 (H. Taylor, Natural History Museum London, U.K.), Fig. 55 (courtesy S.F. McEvey),
Fig. 56 (Feijen & Feijen 2013, figs 10, 11).
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and now Anthomyzidae and the phylogenetic position of the
monotypic Mormotomyia hirsuta Austen (Mormotomyiidae),
has been contentious; the family having been placed both in
the Acalyptratae and Calyptratae by various authors. Molecular studies have or are assisting in the interpretation of some of
these relationships. A concise account of flies exhibiting wing
reduction in the Afrotropics is outlined below:
Anthomyzidae (see Chapter 87). The apterous, ant-mimicking
species Apterosepsis basilewskyi (Fig. 42) is only known from
two female specimens restricted to high elevations on Mt Meru
in Tanzania, East Africa (Roháček & Barber 2008). The species
has been ascribed to several families in the past (see above)
and was only relatively recently confirmed as a representative
of Anthomyzidae (Roháček 1998).
Braulidae (see Chapter 105). Three apterous species of the
genus Braula Nitzsch (e.g., Fig. 41) occur in the Afrotropics:
the virtually cosmopolitan B. coeca Nitszch, with two subspecies (B. coeca angulata Örösi Pál and B. coeca sensu stricto),
B. kohli Schmitz and B. pretoriensis Örösi Pál. Both sexes are
apterous and adults occur in the hives of honey bees, often as
ectoparasites on the bees themselves (Cogan 1980: 627). The
phylogenetic position of the family has been contentious and it
is currently placed in the superfamily Ephydroidea (Wiegmann
et al. 2011).
Carnidae (see Chapter 93). One widespread species of the
genus Carnus Nitzsch, C. hemapterus (Fig. 43), has caduceus wings and is associated with nestling birds (see above). Although Papp (1984: 119) listed the species from the Afrotropics, Barraclough (1994) was unable to confirm this. The only
Carnus confirmed from the region is an undescribed species
recorded by De Coninck (1986) from Democratic Republic
of Congo, which is parasitic on nestlings of Brown-hooded
kingfisher, Halcyon albiventris Scopoli (Alcedinidae); a species
widespread throughout southern Africa (Barraclough 1994).
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Drosophilidae (see Chapter 106). Three stenopterous species of Scaptomyza (Parascaptomyza Duda) occur in the remote South Atlantic Tristan da Cunha Is. group (incl. Inaccessible Is.), namely S. angustipennis (Frey), S. freyi Hackman and
S. frustulifera (Frey) (Fig. 55) (S.F. McEvey, pers. comm. 2016).
Empididae (see Chapter 51). Three stenopterous empidid
species are known from high elevations in the Ruwenzori
Mountains of Uganda (Garrett Jones 1940): Wiedemannia re
ducta Garrett Jones and two species of Dolichocephala Macquart (D. fugitivus (Garrett Jones) (Fig. 46) and D. tali (Garrett Jones)). The last two mentioned species were originally
assigned to monotypic genera, but were later synonymised
by Sinclair (1995). All three species have the wing reduced in
both sexes.
Hippoboscidae (see Chapter 109). All Hippoboscidae are
ectoparasitic on birds and mammals in the adult state, with
the single exception of the genus Ascodipteron, where females
embed themselves in the skin of their bat host and become
endoparasitic (Maa 1965). The family includes fully winged,
brachypterous, stenopterous and apterous forms. Species
of the subfamily Nycteribiinae (here including the strebline
grade) are all associated with bats (Chiroptera) and exhibit a
range of fully winged to apterous forms. In the Afrotropics the
subfamily Hippoboscinae includes apterous Melophagus ovi
nus (L.) (Fig. 52), two stenopterous species of the genus Cra
taerina Olfers and caduceus Lipoptena cervi (L.) (see above)
(Hackman 1964).
Hybotidae (see Chapter 52). The brachypterous species Stil
pon leleupi Smith (Fig. 47) is recorded from two indigenous
forests (Dukuduku Forest and Ngomi Forest) in the KwaZuluNatal Province of South Africa (Smith 1969).

Chloropidae (see Chapter 96). The genus Alombus Becker (Fig. 54) comprises 11 species, apterous in both sexes that
are endemic to mountains in Democratic Republic of Congo and Tanzania (Richards 1965). One species. A. seminitidus
Villeneuve is more widely distributed and occurs on mountains in Burundi, Democratic Republic of Congo, Rwanda
and Uganda. There is also an undescribed apterous species
of Myrmecosepsis Kertész recorded from Nigeria by Sabrosky
(1980: 701) and one species of the genus Conioscinella Duda
(C. aptera Sabrosky from Kenya), is also apterous (J.W. Ismay,
pers. comm. 2016).

Limoniidae & Tipulidae (see Chapter 14). Three species of
Limoniidae with both sexes apterous occur in the Afrotropics: Austrolimnophila (Austrolimnophila) buxtoni Alexander,
endemic to the Ruwenzori Mountains, Uganda; Quathlambia
stuckenbergi Alexander from South Africa; and Symplecta
(Symplecta) holdgatei (Freeman) (Fig. 37) endemic to Gough
Is. (Tristan de Cunha group). In addition, five species of the
genus Platylimnobia Alexander, with both sexes apterous occur in South Africa and one species, P. brinckiana Alexander is brachypterous. Within the Tipulidae, twelve species
of Leptotarsus (Longurio Loew) with normally winged males
and apterous females occur in South Africa and an additional
17 southern African species of the same subgenus, for which
females remain unknown, may have brachypterous or apterous females. Two high elevation species of Tipula (Tipula L.)
have both sexes apterous: T. (T.) hollanderi Theowald (males
with more developed wings at lower elevations) from the Bale
Mountains of Ethiopia and T. (T.) subaptera Freeman from Mt
Kilimanjaro, Tanzania. Four additional species of the same subgenus have normally winged males and apterous females and
three species with winged males with unknown females probably have apterous females (H. de Jong, pers. comm. 2016).

Diopsidae (see Chapter 64). The brachypterous species
Diopsina draconigena Feijen (Fig. 56) has both sexes with reduced wings and is restricted to high elevations on mountains
in Lesotho and South Africa (Drakensberg Mountains) (Feijen
1981; Feijen & Feijen 2013).

Mormotomyiidae (see Chapter 101). This monotypic family
comprises the single stenopterous species Mormotomyia hirsuta
(Fig. 53) associated with bats in horizontal rock fissures in Kenya
(Austen 1936; Copeland et al. 2011, 2014). Kirk-Spriggs et al.
(2011) studied the structure of the wing and reduced halter of

Chironomidae (see Chapter 35). Three coastal species of
Clunio Haliday with apterous females occur in the Afrotropics:
C. africanus Hesse from South Africa, C. gerlachi Sæther from
Seychelles and C. jonesi Sæther & Andersen from Gough Is.
Adults occur on marine shorelines and larvae develop in the
intertidal zone, particularly on rocky shores (Andersen et al.
2013: 210).
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the species. It is likely that wing reduction is related to close
confinement within narrow rock fissures. Morphological studies
of the female reproductive tract (Kirk-Spriggs et al. 2011), and
antennal structure (McAlpine 2011), coupled with an unpublished molecular study (B.M. Wiegmann, pers. comm. 2017),
indicate the family belongs to the superfamily Ephydroidea.
Phoridae (see Chapter 59). In terms of the loss of wings in
the female sex the Phoridae dominate entirely, including all
genera of the subfamily Termitoxeniinae (Hackman 1964).
Many species with adult females that inhabit colonies of ants
and termites are flightless, being transported by the winged
males to the host colonies during nuptial flights. Females of
Aenigmatistes Shelford, for example, that inhabit termitaria in
the Afrotropics, exhibit striking modifications and are almost
cockroach-like in form (Fig. 44). The mountain-dwelling genera Aptinandria Schmitz and Arrenaptenus Schmitz have apterous males and apterous females of Wandolleckia achatinae
Cook (Fig. 45) are associated with Achatina Lamarck, the giant
African land snails, with their larvae feeding on the faeces (Baer
1953). Numerous other genera and species are associated with
ants and termites or with leaf litter and other terricolous habitats (see Disney 1994, for review).
Sciaridae (see Chapter 21). All known females of Epidapus
(Fig. 39) are apterous or brachypterous, with four species
known from Guinea, Seychelles and South Africa (Menzel
2017). The virtually cosmopolitan Pnyxia scabiei (Hopkins)
(Fig. 40) (Menzel 2017) has both fully winged and brachypterous male forms occurring together, while the female is invariably apterous (Hackman 1964).
Sphaeroceridae (see Chapter 99). Fourteen genera of
Sphaeroceridae in the Afrotropics include flightless species.
Diversification of flightless Sphaeroceridae has taken place
on the mountains of Central and East Africa (Hackman 1964),
with the following entire genera of endemic apterous species
in both sexes: Aluligera Richards (20 species, endemic to the
Ruwenzori Mountains, Uganda, the Uluguru Mountains, Tanzania, Mt Elgon, Kenya and mountains in Democratic Republic
of Congo, Ethiopia and Rwanda); Mesaptilotus Richards (14
species, endemic to the Ruwenzori Mountains of Uganda and
mountains in Democratic Republic of Congo and Rwanda);
Ocellipsis Richards (Fig. 50) (13 species, endemic to Mt Elgon, the Aberdare range and the Elgeyo escarpment of Kenya);

Oribatomyia Richards (2 species, endemic to mountains in
Democratic Republic of Congo); Paraptilotus Richards (9 species, endemic to Mt Elgon, the Aberdare range, Kenya and Mt
Tola, Ethiopia); and Pismira Richards (Fig. 49) (4 species, endemic to mountains of Democratic Republic of Congo). Some
other monotypic apterous species occur in these mountains:
Gobersa leleupi De Coninck (Uluguru Mountains, Tanzania);
Kabaria spinisterna Richards (Kahuzi in Democratic Republic
of Congo); Lobeliomyia scotti Richards (Mt Chillalo, Ethiopia);
and Trisetomyia triseta (Richards) (Simien, above Lori, Ethiopia). Some occur among litter in hollow stems of plants, in forest litter and in grassy soils at high elevations (Hackman 1964).
At least in Mesaptilotus, Ocellipsis and Paraptilotus some species may be altitudinally restricted (Richards 1957). Another
notable genus Scutelliseta Richards, with 18 described species (Fig. 51), is restricted to indigenous forests in South Africa
(Norrbom & Kim 1985; Richards 1968). The monotypic Safaria
brachyptera Richards, 1950, from Rwanda are associated with
doryline ants. Flightless Sphaeroceridae may be confined to
oceanic islands. The sole apterous representative of the genus
Phthitia Enderlein, P. (P.) sanctaehelenae (Richards), is endemic to Saint Helena (Atlantic Ocean). In the Indian Ocean the
monotypic Reunionia unica Papp (Fig. 48) is endemic to Réunion Is. and two species of the endemic Malagasy genus Ocel
lusia Séguy are restricted to high elevations, O. achroma Séguy
(Montagneux de Andohahelo) and O. jugorum Séguy (Montagneux de l’Ankaratra) (Richards 1957, 1960, 1965, 1968).
Therevidae (see Chapter 49). Two species of the endemic
genus Lyneborgia Irwin, L. ammodyta Irwin and L. stenoptera
Irwin (Fig. 38), occur in coastal habitats in South Africa. The
female of one species is apterous and of the other brachypterous. The genus is rare and the reduced wing condition is
unique amongst Therevidae (Irwin 1973).

Conclusion
This chapter summarises much of the published information
on the biogeography of Afrotropical Diptera, but our knowledge is far from complete. Publications centre on southern African Diptera fauna and far less is known regarding West, Central
and East Africa, especially the Horn of Africa and the West African rainforests. This lack of knowledge is reflected in the content of this chapter and would certainly warrant further study.
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