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Siphonaptera, Fleas, Parasy Gasy

J.-B. Duchemin, J. Ratovonjato, and ].-M. Duplantier
Translated from the original French by L. Wilmé and S. M. Goodman

The order Siphonaptera includes approximately 200 genera
and 2000 species of fleas distributed across the world. They
have been studied from a medical point of view, mainly as
cectors of plague, as well as from a zoological perspective
10 analyze the relationship between ectoparasites and their
hosts.

Fleas are holometabolous {(complete transformation dur-
ing metamorphosis) wingless insects, adapted to jump, and
2dults of both sexes are hematophagous (blood-feeding).
The female lays eggs on the ground or on the host, where
the detritiphagous (fur- or feather-detritus-feeding) larvae
develop. The pupal stage is quiescent. The adults feed dur-
ing painless bites on their warm-blooded vertebrate hosts—
mainly mammals but also birds. Depending on the length of
contact berween the adult flea and its host, we distinguish

the following categories:

« Pilicolous fleas, which spend the majority of their adult
life in the host’s fur (or clothing when humans are con-
cerned) and are very mobile

Nidicolous fleas, which have contact with the host and
feed when the latter enters its nest or burrow (or a room
in a house in the case of humans); the adult, just like the
larva and pupa, spends the remainder of time in the nest

litrer

Fixed fleas, for which contact is virtually permanent
with the host, as they remain attached by the mouth-
parts, like hard ticks; this last mode of life is rare among
feas

These differences in habits require special attention during
sampling. They also induce different risks of transmission
of pathogenic diseases within mammalian populations.
Terrestrial small mammals are good hosts for fleas, as
these parasites find suitable microclimatic conditions for
larval development in burrows. However, the patterns of
host-flea associations must be carefully analyzed because
Ibey are not necessarily the result of a linear evolutionary
hﬁ“”)’ (Beancournu 1981). Several mechanisms of asso-
Gation can be observed: a direct phyletic origin, as found in
hat fleas {sec later in this chapter); horizontal transfer from
one host to a new one, as a result of co-occurrence in a bio-

tope, as in the case of the black rat, Rattus rattus, a colo-
nizer species; and particular microclimate requirements
linked to burrows or nests in preadult stages.

Fleas of the World

Of the 14 families of Siphonaptera, only 4 are found in
Madagascar, and these all have broad global distributions
(table 8.32). Within these 4 families, there are endemic
Malagasy species, as well as 2 families with genera endemic
to the island. Of the 30 species of fleas collected in Mada-
gascar, 6 are introduced and commensal with humans,
either directly (Pulex irritans Linné, 1758) or through
domestic or commensal animals (table 8.33). These non-
native spectes have broad distributions, either cosmopoli-
tan or tropical, and their actual time of arrival in Mada-
gascar is poorly documented but was certainly after human
colonization of the island.

Fleas in Madagascar

Early research op Malagasy fleas was primarily associated
with plague and was conducted in epidemic zones (Robic
1937; Girard 1942). Associated with this work was the de-
scription of the genus Synopsyllus Wagner and Roubaud,
1932, and species S. fonguerniei Wagner and Roubaud,
1932, one of the two main vectors of plague (Wagner and
Roubaud 1932a), and increased knowledge of its biology
(Estrade 1935; Klein and Uilenberg 1966a). Subsequent
faunal studies provided specimens for the description of nu-
merous species and a better understanding of the systemat-
ics of Malagasy fleas (Lumaret 1962; Klein and Uilenberg
1966b; Beaucournu and Fontenille 1993). Further, a vector
control program required information on the sensitivity of
fleas to insecticides (Coulanges et al. 1983; Fontenille and
Coulanges 1987). These studies continue today {Ratovon-
jato et al. 1998), as well as faunal surveys for a berter un-
derstanding the biotopes where transmission of plague in-
volves wild fauna {Duplantier et al. unpubl. dara).
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Table 8.32. Distribution of Siphonaptera families around the world

Geographic region

Family Afrotropical Oriental Australian ~ Neotropical ~ Nearctic Palearctic
Ancistropsyllidae X

Ceratophyllidae X X X X X X
Chimaeropsyllidae

Coptopsyllidae X
Ctenophthaimidae X X X X
Hystrichopsyliidae X X
Ischnopsyllidae X X X X
Malacopsyllidae X

Pulicidae X X X
Pygiopsyllidae X X

Rhopalopsyilidae X

Stephanocircidae X

Vermipsyllidae X X X
Xiphiopsyllidae X

SOURCES: Derived from Lewis (1998) and Smit (in Beaucournu and Fontenille 1993).

NOTE: Families in bold occur in Madagascar.

i

Faunistics

The Ctenophthalmidae are represented in Madagascar by
a single Afrotropical subfamily, the Dinopsyllinae, known
only by the genus Dinopsyllus Jordan and Rothschild,
1913, which is represented in Madagascar by three en-
demic species belonging to the subgenus Dinopsyllus. These
fleas are large, dark brown in color, and characterized by
a vertical genal comb with five teeth. When collected on
hosts, they sometimes remain motionless.

In Africa, the majority of species in the genus Dinopsyl-
lus have been collected in intact forest zones of relatively
high elevation. Out of the 25 described species from the
Rothschild collection (Hopkins and Rothschild 1966), the

type specimens in 9 cases come from elevations at or above
2000 m, in 8 cases they are from between 1000 and 1999

m, and in 3 cases the mention of “mount” or “plateau” is
associated with the type locality; the remaining 5 species
are not necessarily species of elevation and are restricted to
southern Africa. The 3 Malagasy species are found in the
central highlands or on the Tsaratanana Massif (Beau-
cournu and Fontenille 1993). With the exception of the
type series of D. brachypecten Smit, 1951, most specimens
of this genus on Madagascar come from forested habitats.

Almost all the hosts of Dinopsyllus in Africa are ro-
dents—Madagascar does not deviate from this rule. D. fla-

courti Klein, 1965, was described from specimens collected
on the endemic rodent Nesomys rufus (Klein 1965a; see
Ryan, this volume), and recent captures confirm this spec-
ificity (J.-B. Duchemin et al. unpubl. data). D. tsaratananae
Klein, 1967, is known only from its type series captured on
Rattus rattus (Klein 1967). D. brachypecten was described
from specimens captured on R. rattus or dogs in human-
modified habitats (Grenier and Klein 1965). To date, this
species has not been captured on any endemic rodent,
whereas a few specimens have been collected on endemic
lipotyphlans: Tenrec ecaudatus (Klein and Uilenberg
1966b), Hemicentetes spp., and Microgale spp. (J.-B. Du-
chemin et al. unpubl. data). It seems likely that the primi-
tive host, as on the African continent, is an endemic rodent.
Members of the genus Dinopsyllus have been suspected f0
be plague vectors in Tanzania and in Angola (Ribeiro 197f1;
Njunwa et al. 1989; Kilonzo et al. 1992) and recently I
Madagascar (J.-B. Duchemin et al. unpubl. data).

The Isc:hnvopsyllidae are fleas that are strictly found 07
bats. The two subfamilies of these fleas coincide with the

“two subfamilies of hosts—megachiroptera (T haumapsylli-

nae) and microchiroptera (Ischnopsyllinae). The Thaumap-
syllinae are known from the genera Eidolon and Rousettus,
both present in Madagascar, but these fleas are un.kﬂo“’”
from the island. Malagasy Ischnopsyllinae comprist t\\}o
genera, Araeopsylla Rothschild, 1919, and Lagﬂfol’”'[”
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Farnily Subfamily Taxon Distribution
pulicidae Tunginae Tunga penetrans (Linng, 1758) Tropical
Pulicinae Pulex frritans Linngé, 1758 Cosmopolitan

Echidnophaga galfinaces (Westwood, 1875)

Archeopsyllinae

Crenocephahides felis strongylus (Jordan, 1925)

Xenopsyllinage

Ctenophtalmidae Dinopsyllinae

Centetipsylla madagascariensis (Rothschild, 1900,

Tropical
Endemic

Cosmopolitan

C. brygooi Beaucournu, 1975 Endemic

Xenopsylla cheopis (Rothschild, 1903) Tropical

X. petteri Lumaret, 1962 Endemic

Synopsylius fonguerniei Wagnei and Roubaud, 1932 Endermic

S smit Lumaret, 1962 Endernic

5. estradei Klein, 1964 Endemnic

S. girardi Klein, 1966 Endemic,

S robici Klein, 1966 . Endemjc .,

Dinopsyllus brachypecten Smit, 1951 Endemig, .-

D. flacourti Klein, 1966 Endemic
Endemic.

D. tsaratananae Klein, 1968

Ceratophyliidae Leptopsyllinae

Paractenopsyllus kerguisteli Wagner, 1938
£ paufiani Lumaret, 1962

P. grandidieri Kiein, 1965

P petiti Klein, 1965

P viettei Klein, 1965

P vaucefi Klein, 1965

P randrianasoloi Klein, 1968
P albignaci Klein, 1968

Tsaractenus grenieri Klein, 1968

Ischnopsyllidae Ischnopsyliinae

Lagaropsylla incerta (Rothschild, 1900)
L. hoogstraali Smit, 1957

3
'

. . YU L consuldris Smit, 1957

Leptopsylla segnis (Schonherr, 1811)

Araeopsylla martialis (Rothschild, 1903)

~Cosmopolitan

- Endemic

- Endemic
Endemic
Endemnic
Endernic
Endemic
Endemic
Endemic
Endemnic

H. ‘Malagasy subregion

Endemic
African

- African

B

Jordari and Rothschild, 1921. Araeopsylla is distributed in
the Oriental, Afrotropical, and Mediterranean regions and
subregion. The preferential hosts belong to the genus
Tadarida (which has been variously divided into different
genera depeﬁdimg on the authority). Only one species,
A martialis (Rothschild, 1903), occurs in Madagascar and
on La Réunion (Lumaret 1962). It has been found on
Tadarid, (= Mormopterus) jugularis in the arid south of
M'adagascar, Ankarana, and Antananarivo (].-B. Duche-
M0 et al. unpubl. data). The second genus, Lagaropsylla,
encompasses 18 species distributed in the Afrotropical and
Orienta| regions. Fleas belonging to this genus are found
Pref?IEntiall§' on Molossidae bats. Three species occur in

.' sdiJRc_Es, Derived from Lumaret (1962), Klein andluilenbg'rg (1966b), and Beaucournu and Fontenille (1993).

Madagascar: L. consularis Smit, 1957, also known from
Africa, has been found on T. limbata (= T. leucogaster) in
Andasibe (Beaucournu and Fain 1983); L. hoogstraali Smit,
1957, another African species, was found on T. (= Mor-
mopterus) jugularis and Mops (= Tadarida) midas in the
south (Lumaret 1962); and L. incerta (Rothschild, 1900),
apparently endemic to Madagascar, has been collected on
T. leucostigma and T. aceiabulosa (= jugularis?) at Toa-
masina, Nosy Be, and Lac Alaotra (De Meillon 1950;
Lumaret 1962; Beaucournu and Fontenille 1993).

Several other genera of Ischnopsyllidae known from
elsewhere in the world have never been collected in Mada-
gascar. These include genera that occur in the Neotropical,
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Table 8.34. Subfamily Leptopsyllinae on Madagascar

Number SPoces ook
Tribe Genus of species Distribution Major hosts at elevation cled
Cratyniini Cratynius 4 Oriental Lipotyphla 3
Leptopsyllini Paractenopsylius 8 Malagasy Rodentia and Lipotyphla "8
Leptopsyllini Tsaractenus 1 Malagasy Unknown ’ ST l
Leptopsyllini Peromyscopsyila 18 Holarctic and Orfental Rodentia
Leptopsyllini Leptopsylla 16 Palearctic and Afrotropical, Rodentia (except 1 species) =~ 6
. (1 worldwide)
Leptopsyliini Sigmactenus 5 Oriental and Australian Rodentia 4

SQURCES: Data mainly from Hopkins and Rothschitd (1971), Beaucournu and Sountsov Victor (1999), and Durden and Beaucourny (2000). -

Australian, or Holarctic regions or that are strictly Afro-
tropical (Allopsylla Beaucournu and Fain, 1982; Dampfia
Smit, 1954; Oxyparius Jordan, 1936; Rhinolophopsylla
Oudemans, 1909; the last genus has a narrow extension in
the Palearctic region).

The two genera of Ischnopsyllinae with ranges limited to
the Afrotropical and Oriental regions are also present in
Madagascar, implicating a possible Gondwanan origin of
these taxa. Further, the host homogeneity of the family
seems to indicate an early-€pecificity toward Chiroptera. In
Madagascar the absence of the genus Thaumapsylla Roth-
schild, 1907 (a parasite of Pteropodidae), present in the
Afrotropical and Oriental regions, could reflect a more re-
cent origin of this genus.

Of the three subfamilies of Ceratophyllidae, only Lep-
topsyllinae is present in Madagascar and is represented by
three genera (table 8.34). Leptopsylla Jordan and Roth-
schild, 1911, a mainly Palearctic genus, is represented by a
single species in Madagascar: L. segnis (Schonherr, 1811),
a widely distributed flea often associated with the intro-
duced mouse Mus “musculus” (see Duplantier and Duche-
min, “Introduced Small Mammals and Their Ectopara-
sites,” this volume) and with commensal rats of urban or
rural areas.

The two remaining genera, Paractenopsyllus Wag--:
ner, 1938, and Tsaractenus Klein, 1968, are endemic to
Madagascar. The latter genus, described from a single male
collected on the Tsaratanana Massif, has recently been
obtained from several montane forests, especially in the
central highlands (J.-B. Duchemin et al. unpubl. data). They
are large, dark fleas, morphologically close to Pardc-
tenopsyllus.

Paractenopsyllus currently comprises eight species, all
collected on small mammals (rodents and lipotyphlans)
from montane forests in the central highlands or on massifs
in the northern part of the island. A large number of species
of the Leptopsyllinae subfamily are found in the Holarctic

region (genera Peromyscopsylla 1. Fox, 1939, and Leptop-
sylla) and only from mountains in other regions, An excep-
tion to this rule is L. segnis, mentioned earlier, which is dis.
tributed across areas of the world, as are its commensa|
rodent hosts.

The genera Paractenopsyllus and Tsaractenus, with
largely Oriental affinities, present a notable species radia-
tion in Madagascar. The only African taxa in this subfam-
ily belong to the genus Leptopsylla, which is morphologi-
cally closer to Palearctic genera than endemic Malagasy
genera.

The usual hosts for members of this subfamily are ro-
dents. Only the genus Cratynius Jordan, 1933, which is
morphologically similar but nevertheless classified in a dif-
ferent tribe (table 8.34), and two species of Leptopsylla,
L. algira Jordan and Rothschild, 1912, and L. putoraki loff,
1950, parasitize lipotyphlans. However, in Madagascar,
the genus Paractenopsyllus is regularly captured on mem-
bers of Lipotyphla (family Tenrecidae), which could be con-
sidered likely candidates for primitive hosts.

Four subfamilies represent the last family, the Pulicidae,
occur in Madagascar. The origin of the subfamily Tungi-
nae is Neotropical. The single species occurring on Mada-

~ gascar, Tunga penetrans Linné, 1758, was probably intro-

duced from Africa, as indicated by its Malagasy namé,
parasy lafrf/ea (meaning from Africa), and is found across
the island (Brygoo 1972). It parasitizes humans, pigs, ﬂﬂd
dogs. Just after fertilization, the female digs in the skin
(generally on the feet but in children often on the head), and

only the very end of its abdomen protrudes. She creates 2 le-
sion, likely to be infected by contact with soil.

On Madagascar the subfamily Pulicinae comprises ™0
species: Pulex irritans and Echidnophaga gallinacea (West-
wood, 1875). P. irritans has a Neotropical origin a”d' 5
primitively a parasite of the Canidae. It has invaded Africa
via Europe through human travels. The flea parasitizes "
merous commensal hosts (humans, dog, pigs, and more




). It has been blamed for small-scale plague epi-
Africa (Congo Democratic Republic) and Brazil
i.sr al. 1974). There is no evidence of this in Mada-
*F. gallinacea, sometimes considered a primitive par-
pirds (poultry), is also found on commensal rodents.
?gﬁg's‘%’lso been collected on numerous animals in captivity,
Vti‘}errids and lemurs (Hapalemur griseus). It is distributed
in’gbpical regions. Like Tunga penetrans, this flea lives al-
mogf:permancnt]y on 1ts host bur can be dctachcd. more eas-
ily, being simply fixed and not e.ncystcd in t.h,c skin.
The subfamily Archaeopsyllinae comprises two genera

AtS

in Madagascar: Centetipsylla Jordan, 1926, and Ctenoce-

phalides Stiles and Co!lins, 1939. Centetipsylla is an en-
demic genus with a smglcvs_pgc»les‘,‘ C madagascariensts
(Rothschild, 1900), collected on Tenrec ecaudatus l’and once
on Rattus rattus. Its range seems to be the eastern slopes of
the central highlands, but it has also been collected west of
the capital city (Brygoo and Rajenison 1959). This genus 1s
close to Palearctic Archaeopsylla Dampf, 1908, a parasite
of Erinaceidae (hedgehogs; Lipotyphla). -

. Ctenocephalides is a genus with Afrotropical origins and
secondarily Palearctic and Oriental origins (Beaucournu
1974). Two species are presentin Madagascar: C. brygooi,
an endemic species known only from the Antalaha region,
wher8 it has been caprured on an endemic carnjvore, Fossa
fossana; and . C.. felis strongylus. (Jordan, 1925), which
mainly parasitizes cats and-'dogs and sometimes captive an-
imals (rabbits, lemurs, native carnivores) and commensal
rodents {Kléein and Uilenberg 1966b). Its origin is Afrotrop-
icaly and it has been imported to Madagascar by human-
domesticated animals and is largely confined to human-
modified habitats. . S L

- The subfamily Xenopsyllinae is represented in Mada-
gascarby the genus Xernopsylla, which has a largely world-
wide' distribution; and by -the endemic genus Synopsyl-
lus. Xenopsylla comprises ‘two species in Madagascar:
X. cheopis and X. pétteri. X. cheopis is an introduced flea
in Madagascar, ‘where it is common in human-modified
hz_ib'itats; It'is mainly collected on Rattus rattus captured in-
side houses arid plays a major role in the transmission of
plague. This flea has developed resistance to various insec-
ticides (Coulanges and Randrianantoanina 1985; Fonte-
nille and Coulanges 1987) and is the subject of special mon-
itoring (Ratovonjato et al. 1998). X. petteri is an endemic
species described from the Menabe area, where it parasites
the endemic rodent ‘Hypogeomys antimena, whose extant
range is strictly limited to that area (see Sommer, this vol-
ume). X. petteri is, for the time being, classified in the
I7ir51fvta gro‘upv(Lum‘aréf 1962), which contains five other
Species confined to extreme southwestern Africa (Hopkins
and Rothschild 1953). The principal hosts of these five spe-
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cies are two rodents that occur in zones with loose, sandy,
or alluvial soils, as is the case for H. antimena. X. brasilien-
sts is present in the Comoro Islands and in Mauritius (Hop-
lkins and Rothschild 1953) but has never been found in

- Madagascar.

The endemic genus Synopsyllus comprises five species.

- Its affinities are with the genera Synosternus Jordan, 1925
~{Afrotropical, Palearctic, and, p7o parte, Oriental regions),

and Xenopsylla from the birsuta group. Synopsyllus fon-
querniei has a special importance in plague cycles in Mad-

‘agascar (see Duplantier and Duchemin, “Human Diseases

and Introduced Small Mammals,” this volume). Indeed, its
distribution coincides with that of human plague cases in

.rural areas of the central hjghlands. According to Brygoo
" {1967), its capacity as'a vector (1:€.; its Intrinsic capacity to
transmit the plague bacillug) might be higher than that of

X. cheopis. S. fonquerniei appears well adapted to Rattus
rattus, particularly in open habitats (rice fields, grasslands)
and in certain moatane forests on the western slopes of
the central highlands. This flea has also been collected on

. Tenrecinae and on endemijc rodents (Klein and Uilenberg

1966b), particularly Eliurus and Macrotarsomrys bastardi,

.as well as on a lemur (Ropbaud and Girard 1943), Micro-

cebus [myoxinus), represeﬁting tlhe only case of a flea being
captured on a wild lemus. Its primitive host could be a ter-
restrial rodent with a preference for open habitats, such as
the genus Brachyuromys, :;or a Tenrecinae such as Setifer se-
tosus (Wagner and Roubaﬁd 19325) or Hemicentetes semi-

spinosus (De Meillon 1950) Its importance in plague trans-

mission and its sensitivity to insecticides have been the
subject of several studies (Coulanges et al. 1983; J. Rato-
vonjate et al. unpubl. data). This species has been found
being carried phoretically by mites, Psylloglyphus wuilen-
bergi, previously described as endemic (Fain in Klein and
Uilenberg 1966b) but secondarily found in Central Africa
(P. uilenbergi kivuensis).

The other four, species of Synopsyllus are seldom cap-
tured. According to Lumaret {1962), S. smiti Lumaret,
1962, is' a flea occurring on Macrotarsomys ingens (Lu-
maret 1962), a rodent known only from deciduous forests
of Ankarafantsika. S. estradei Klein, 1964, is mainly found
on Rattus rattus in forests at elevations higher than 1000 m.
It has also been collected on the rodent Nesomys rufus
and: lipetyphlan. Microgale dobsoni (Klein and Uilenberg
1966b). S. girardi Klein, 1966, was known only from its
type series (two specimens) from the Anjozorobe region
{Klein 1965b), but recently it has been found in montane
forest on the Manongarivo Massif and in eastern humid
forests of Tsinjoarivo and Vatomikona (Fianarantsoa)
(J.-B. Duchemin et al. unpubl. data). As in the type series,
the hosts are mainly rodents in the genus Elurus. S. robici
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Klein, 1966, is répresented by a few specimens found on the
Ankaratra Massif and in the region of Ambositra at eleva-
tions of 1500 m or above (Klein 1965c¢).

Conclusion

The role fleas play in the transmission of plague on Mada-
gascar has strongly influenced research on this group. Thus,
our knowledge about fleas occurring on endemic mammals
is rather limited, as is information from zones of low eleva-
tion where plague does not occur. Even with these limi-
tations, current information suggests that the flea fauna
of Madagascar shows high levels of endemism (77%), as
compared with that of other hematophagous insects (see
Duchemin et al., “Culicidae, Mosquitoes,” this volume).
The parasitic specificity of Malagasy fleas does not seem to
be directly related to their phylogenetic history, and there

\

appears to have been numerous host crossovers within |;
eages. These fleas also present interesting biOgCOg[a }'ln
patterns. The affinities of Malagasy fleas are largely Af[iaxc
and to a smaller extent Oriental, which might be aSSOciateg
with the geological history of Madagascar, The current g},
served distribution patterns of endemic fleas op the islagq
especially those occurring in zones of higher elevatioy aré
perhaps associated with climatic vicissitudes in recent ,geo~
logical time and are of great importance to plague epidem;.
ology. From both zoological and medical points of view, the
Malagasy fleas deserve more detailed research.
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Diptera, True Flies

M. E. Irwin, E. L. Schlinger, and F. C. Thompson

The class Insecta is extremely rich in species, containing ap-
proximately 75% of all known life forms. Reasonable es-
timates put the total number of insect species somewhere
between 5 million and 12 million, with about 1 million spe-
cies currently described (May 1990; Gaston 1991; Ode-
gaard 2000). Within Insecta, Diptera, or true flies, is one of
the four holometabolous (higher insects having separ-
ate and distinct egg, larval, pupal, and adult stages) orders
with vast numbers of species; the other three orders are
Coleoptera (beetles), Hymenoptera (ants, bees, and wasps),

and Lepidoptera (moths and butterflies). These four orders .
collectively make up the majority of insect species and thus -

comprise an extremely large proportion of the earth’s biota.
Of these four orders, Diptera is by far the least known. For
example, fewer than 30% of the species in North Amer-
ica have been described (Kosztarab and Schaefer 1990;
Thompson 1990). It is noteworthy that in North America,
where collecting efforts have been relatively intense and ex-
tensive, a greater proportion of the species of other large
insect orders are described (90% for Coleoptera, 50% for
Hymenoptera, 80% for Lepidoptera). That trend likely
holds for other regions of the world, including Madagascar,
although the relative proportions themselves probably vary
considerably. Within North America, Diptera, containing

an estimated 60,000 species, is by far the most species-rich
of the orders, followed by Hymenoptera (36,000 species)
and Coleoptera (26,000 species) (Kosztarab and Schaefer
1990). Even given these figures, it is generally agreed that,
in tropical environments, beetles are more speciose than the
other three large holometabolous orders (Erwin 1982,
1997). In North America and generally speaking through-
out the world, the discovery phase, that is, the part of a
timeline during which most of the species in a given envi-
ronment are discovered and described, is quite advanced
for siich groups as the beetles, butterflies, bees, and ants,

" whereas it is still in its early stages for moths and wasps and

is just beginning for flies. Of these notable insect ordets,
Diptera is by far the least known and least understood.

Characteristics of Diptera

Diptera is an order of true holometabolous insects. Char-
acteristically, flies have a single pair of wings. The order 15
named for this feature: df = two; ptera = wing. Onlya few
other orders of insects are characterized by having ¥
wings, of which Strepsiptera is the most notable. Howeven
the wings of Strepsiptera arise on the metathorax, whereas
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