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areas currently protected as national parks and nature re-
serves (e.g., Parc National de Ranomafana). Continued
conservation of these and other watersheds, especially those
with forested headwater streams, may be the key to ble-
pharicerid species survival. Watershed protection, in com-
bination with sampling methods that effectively survey res-
ident blepharicerids, will be crucial to future discoveries of
Madagascar’s unique fauna.
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Culicidae, Mosquitoes, Moka Gasy

J.-B. Duchemin, O. Ramilijaona Ravoahangimalala, and G. Le Goff
Translated from the original French by L. Ramandimbilahatra

and S. M. Goodman

The mosquitoes, or Culicidae, are among the most studied
group of insects because of their medical importance. These
insects transmit to humans and animals a variety of para-
sites, such as those that spread malaria and different path-
ogenic arboviruses. The larval and nymphal stages of mos-
quitoes are aquatic. The adult females of most species feed
on blood and the males on plant juices.

The number of described mosquito species worldwide is
approximately 3400. For Madagascar alone, 178 species
have been named (table 8.38; Knight and Stone 1977,
Knight 1978; Ward 1984, 1992). One notable characteris-
tic of the Malagasy culicid fauna is its high level of en-
demism across numerous genera (table 8.39). However, the
distribution of taxa among the genera is uneven, with some
genera being rather speciose and others not. Both the two
known subfamilies, Anophelinae and Culicinae, are present
on Madagascar.

A considerable amount of information
for Madagascar on the Anophelinae and some Culicinae,

is available

which allows us to present more precise details on the gen-
era Aedes, Ochlerotatus, Culex, Ficalbia, Mimomyia, and
Orthopodomyia of this latter subfamily. Little information
is available for the other genera, and in general they show
low levels of species richness on Madagascar.

Anophelinae

As in all of tropical Africa, the only genus of this subfamily
occurring on Madagascar is Anopbeles. This genus in im-
plicated in the transmission of human malaria, Bancroft’s
filariosis, and different arboviruses.

The eggs of the Anophelinae are laid directly on the wa-
ter surface. The larvae are easily distinguished by their hor-
izontal position, maintained just below the water surface by
their dorsal palmate seta. Their oviposition sites are often
in areas that receive direct sunshine and clean water. The
adults have wings covered with scales. Occurring along the
anterior border of the wings are a series of clear and dark
marks. The lateral maxillary palps of the females are the
same length as the proboscis.

Of the 141 Afrotropical species in the genus Anopheles,
26 are known from Madagascar (Grjebine 1966; Brunhes
et al. 1998). The species belong to two different subgenera,
Anopheles and Cellia. There is only one known endemic
species, A. fuscicolor. This species is found across most of
the island but is more widespread in the east. Ten other spe-
cies are placed in the series Neomyzomyia of the subgenus
Cellia, and one species known from the Ankaratra Massify
A. griveaudi, represents the series Myzomyia of the same
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Table
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Taxon

Endemic
(No/Yes)

Taxon

Endemic
(No/Yes)

Anopheles (Anopheles) coustani Laveran, 1900
A (A) fuscicolor Van Someren, 1947

A, (A.) tenebrosus Doenitz, 1902

A, (Cellia) arabiensis Patton, 1905

A (C) brunnipes (Theobald, 1910)

A (C) cydippis De Meillon, 1931

A (C) flavicosta Edwards, 1911

A, (C) funestus Giles, 1900

A, (C) gambiae Giles, 1902

A (C) grassei Grejbine, 1953

A (C) grenieri Grejbine, 1964

A, (C) griveaudi Grejpine, 1960

A (C) lacani Grejbine, 1953

A, (C.) maculipalpis (Giles, 1902)

A (C.) mascarensis De Meillon, 1947

A. (C) merus Doenitz, 1902

A. (C) milloti Grejbine and Lacan, 1953

A. (C) notfeyi Van Someren, 1949

A. (C) pauliani Grejbine, 1953

A. (C.) pharoensis Theobald, 1901

A (C) pretoriensis (Theobald, 1903)

A. (C) radama De Meillon, 1943

A, (C) ranci Grejbine, 1953

A. (C) roubaudi Grejbine, 1953

A. (C) rufipes (Gough, 1910)

A. (C) squamosus Theobald, 1901

Aedeomyia (Lepiothauma) africana Neveu-Lemaire, 1906
A. (L) furfurea (Enderlein, 1923)

A. (L) pauliani Griebine, 1953

Aedes (Aedimorphus) albocephalus (Theobald, 1903)
A. (A) albadorsalis Fontenille and Brunhes, 1984
A. (A) argenteopunctatus Theobald, 1901

A. (A) dalzieli (Theobald, 1910)

A. (A) durbanensis (Theobald, 1903)

A (A.) fowleri (Charmoy, 1908)

A.(A.) group domesticus (Theobald, 1801)

A. (A.) masoalensis Fontenille and Brunhes, 1984
A, (A)) mathioti Fontenille and Brunhes, 1984

A (A) vittatus (Bigot, 1861)

A. (Diceromyia) coulangesi Rodhain and Boutonnier, 1982
A. (D.) grassei Doucet, 1951

A. (D.) madagascarensis Van Someren, 1949

A. (D) sylvaticus Bruhnes, 1982

A.(D.) tiptoni (Grjebine, 1953)

A, (Neomelaniconion) circumluteolus (Theobald, 1908)

N
Y
N
N
N
N
N
N
N
v
v
¥
¥
N
¥
N
Y
b
¥
N
N
Y
¥
¥
N
N
N
N
v
N
Y
N
N
N
N
N
¥
v
N
v
¥
Y
Y
Y
N

A. (N.) palpalis (Newstead, 1907)

A. (Skusea) cartroni Ventrillon, 1906

A. (S.) lambrechti Vian Someren, 1971

A. (S.) moucheti Ravaonjanahary and Brunhes, 1977

A. (Stegomyia) aegypti Linne, 1762

A. (5.) albopictus (Skuse, 1894)

Ochlerotatus (Finlaya) brygooi Brunhes, 1971

0. (F) monetus Edwards, 1935

0. (F) philippi Yan Someren, 1949

0. (Levua) fryeri (Theobald, 1912)

0. (Mucidus) mucidus (Karsch, 1897)

0. (M.) scatophagoides (Thecbald, 1901)

0. (Ochlerotatus) ambreensis Rodhain and Boutonnier, 1983
Eretmapodites oidipodeios Graham, 1909

E. plioleucus Edwards, 1941

E. quinguevittatus Theobald, 1901

E. subsimplicipes Edwards, 1914

Culex (Culex) annulioris Theobald, 1904

C. (C.) antennatus (Becker, 1903)

C. (C.) argenteopunctatus (Ventrillon, 1905)

. (C) aurantapex Edwards, 1914

C (C) hitaeniorynchus Giles, 1901

C (C) carleti Brunhes and Ravaconjanahary, 1971
C. (C.) comorensis Brunhes, 1977

C. (C.) decens Theobald, 1901

C.{C.) demeilloni Doucet, 1950

C. (C.) duttoni Theobald, 1901

C. (C.) giganteus Ventrillon, 1906

C. (C.) grahamii Theobald, 1910

C. (C.) guiarti Blanchard, 1905

C. (C.) moucheti Evans, 1923

C. (C.) neavei Theobald, 1906

C. (C.) perfidiosus Edwards, 1914

C. (C.) pipiens Linné, 1758

C (C.) poicilipes (Theobald, 1903)

C. (C)) quasiguiarti Theobald, 1910

C. (C)) quinquefasciatus Say, 1823

C. (C.) scottii Theobald, 1912

C. (C.) simpsoni Theobald, 1905
C. (C) sitiens Wiedemann, 1828
C. (C.) striatipes Edwards, 1941

C. (C.) thalassius Theobald, 1903
C. (C.) theileri Theobald, 1903

C. (C)) tritaeniorynchus Giles, 1901
C. (C)) univittatus Theobald, 1901

N
Y
N
Y
N
N
Y
Y.
Y.
N
N
N
¥
N
N
N
N
N
N
Y
N
N
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N
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N

(continued)
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Table 8.38. (continued)

Endemic Endemic
Taxon (No/Yes) ~ Taxon (No/Yes)
C (C.) vansomereni Edwards, 1926 N Hodgesia sp.
€ (C) ventrilloni Edwards, 1920 Y Coquillettidia (Coquillettidia) grandidieri (Blanchard, 1905) Y
€. (C.) watti Edwards, 1920 N C. (C) metallica (Theobald, 1901} N
C. (C.) weschel Edwards, 1935 N C. (C.) rochei (Doucet, 1951) Y
C. (Culiciomyia) cinerellus Edwards, 1922 N ansonia (Mansonioides) africana (Theobald, 1901) N
C. (C) cinereus Theobald, 1901 N M. (M.) uniformis (Theobald, 1901) N
. (C) milloti Doucet, 1949 Y Orthopodomyia ambremontis Brunhes and Hervy, 1995 Y
C. (C.) nebulosus Theobald, 1901 N 0. ankaratrensis Brunhes and Hervy, 1995 Y
€. (C.) pandani Brunhes, 1969 Y 0. fontenillei Brunhes and Hervy, 1995 Y
C. (Fumelanomyia) hrenguesi Brunhes and Ravaonjanahary, 1973 N 0. milloti Doucet, 1951 Y
C. (E.) chauveti Brunhes and Rambelo, 1968 Y 0. rajaonarivelol grunhes and Hervy, 1995 Y.
C. (E.) horridus Edwards, 1922 N 0. ravaonjanaharyi Brunhes and Hervy, 1995 Y
C. (E) insignis (Carter, 191 1) N 0. rodhaini Brunhes and Hervy, 1995 Y
C. (E.) kingianus Edwards, 1922 N O. vernoni Van Someren, 1949 Y
C. (E.) rima Theobald, 1901 N Uranotaenia (Uranotaema) alba Theobald, 1901 N
C. (E.) rubinotus Theobald, 1906 N U () alboabdominalis Theobald, 1910 N
€. (E.) sunyaniensis Edwards, 1941 N U, () andavakae Doucet, 1950 i
C. (Lutzia) tigripes De Grandpre and De Charmoy, 1900 N U. (U.) anopheloides gruhnes and Razafindrasolo, 1975 Y
C. (Maillotia) salishuriensis Theobald, 1901 N U. (U.) balfouri Theobald, 1904 N
C. (M) seyrigi Edwards, 1941 Y U. (U.) chorfeyi Griebine, 1953 Y
Ficalbia (Ficalbia) uniformis (Theobald, 1904) N U. (U.) dumonti Doucet, 1949 i
F (F) circumtestacea (Theobald, 1908) N U, (L) neireti Edwards, 1920 Y,
Mimomyia (Etorleptomyia) martinei Doucet, 1951 Y U. (Pseudoficalbia) pelkini Griebine, 1979 Y
M. (E.) mediolineata (Theobald, 1904) N U, (P) bosseri Grjebine, 1979 i
M. (Ingramia) aurata (Doucet, 1951) i U. (P) brumpti Doucet, 1951 Y
. (1) bernardi (Doucet, 1950) Y U. (P) brunhesi Griebing, 1979 i
M. (1) beytouti (Doucet, 1951) Y U. (P) cachani Doucet, 1950 Y
M. (1) brygooi Griebine, 1986 i U. (P) combesi Doucet, 1950 Y]
M. (1) collessi Griebine, 1986 X U. (P) damasei Griebine, 1979 Wi
M. (1) jeansattei (Doucet, 1950) ¥ U. (P) douceti Grjebine, 1953 Y
. (1) leviscastilloi Griebine, 1986 Y U. (P) fusca Theobald, 1907 N
M. (1) longicornis Griebine, 1986 Y (. (P) grenieri Doucet, 1951 W
M. (1) marksae Grejbine, 1986 Y U. (P) kraussi Grjebine, 1953 Y
M. (1) mattinglyi Griebing, 1986 Y U. (P) lavieri Doucet, 1950 Y
M. (1) milloti Grjebine, 1986 Y U (P) mashanaensis Theobald, 1901 N
M. (1) ramalai Griebine, 1986 Y U. (P) nepenthes (Theobald, 1912} N
. (1) roubaudi (Doucet, 1950) Y U. (P) nivipous Theobald, 1912 N
. (1) spinosa (Doucet, 1951) Y U. (P) nigripes Thecbald, 1205 N
M. (1) stellata Griebine, 1986 Y U, (P) ornata Theobald, 1909 N
M. (1.) vansomerenae Grjebine, 1986 Y U. (P) pandani (Theobald, 1912) N
M. (Mimamyia) hispida Theobald, 1910 N U. (P) shillitonis Ecwards, 1932 N
M. (M.) mimamyiaformis (Newstead, 1907) N U. (P) tsaratananae Doucet, 1950 Y
M. (M.) plumosa (Theobald, 1901) N Toxorynchites (T.) brevipalpis Theobald, 1901 N
M. (M.) splendens Theobald, 1903 N T. (T)) pauliani (Doucet, 1951) Y
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g, Classification, species richness, and level of endemism of the
osquito genera present on Madagascar

n/’/"

Table 8.3

g‘rjlgf?rrigltley Genus Sfu g?)lé?‘\res t?‘\\i:lere‘ n?]i(sm (%)

Anophelinae Anopheles 26 42

Culicinae Aedeomyia 3 33
Aedini Aedes 22 45
Aedini Ochlerotatus 7 £
Aedini Eretmapodites 4 0
culicini Culex A8 19
Ficalbiini Ficalbia 2 0
Ficalbiini Mimomyia 22 77
Hodgesiini Hodgesia 1?
Mansoniini Coquilletidia 3 66
Mansoniini Mansonia 2 0
Orthopodomyiini Orthopodomyia ] 100
Uranotaeniini Uranotaenia 28 61
Toxorynchitini Toxorynchites 2 50

Total 178 45

subgenus. Finally, A. mascarensis, also of the series Neomy-
zomyia, is endemic to the Malagasy region and is known
from Madagascar and the Comoro Islands. Two endemic
groups of this same series show considerable morphologi-
cal homogeneity but considerable differences in habitat
preferences. The A. roubaudi group includes species that
occur strictly in the eastern forest block at a maximum ele-
vation of between 900 and 1000 m, whereas the A. panliani
group apparently includes species that occur in a wide vari-
ety of habitats.

On the basis of a catalog of the Anophelinae occurring
across the Afrotropics (Hervy et al. 1998), it is possible to
compare the number of Anopheles documented on Mada-
gascar and various African countries and to examine the
relationship between species richness and surface area
(fig. 8.32). The level of endemism among Malagasy ano-
pheline species is exceptionally high (42%), providing fur-
ther evidence for the long period of isolation of Madagas-
car from the African mainland.

Based on egg morphology and molecular studies, the se-
ties Neomyzonyia is considered the most primitive of the
subgenus Cellia. Its origins are probably African; it subse-
quently dispersed toward the east as far as Australia (Foley
etal, 1998). The other 31 African species in this series are
largely forest- or cave-dwelling and in a few cases moun-
tain-dwelling. It is in this series that an endemic to Kenya,
A, lounibosi, is grouped—it is the only Afrotropical Ano-
pheles that is associated with breeding sites in leaf sheaths
or plant axils.

The egg-laying sites of Malagasy Neomyzomyia are of-
ten along shaded streams, particularly for eastern forest-
dwelling species. Some species are also found in the north
(A. ranci and A. millotti), and A. radama occurs on Nosy
Be and in the region of Antsiranana. Two species, A. 1ds-
carensis and A. pauliani, have broad distributions across
much of the island, excluding the subarid south, and live in
a variety of sites that are exposed to sunlight, such as rice
ficlds. The elevational limit of all of these species is rarely
greater than 9001000 m; the only exception is A. mas-
carensis, which has been collected up to 1600 m at Antsoso,
near Betafo (G. Le Goff unpubl. data).

The nonendemic Anopheles of Madagascar are all
known from broad regions of continental Africa. On Mad-
agascar these species are sometimes rare (¢.g., A. fenebro-
sis, A, brunnipes) and in other cases abundant and widely
distributed. Members of this latter group arc particularly
abundant in the central highlands above 1000 m (e.g., A
coustani, A. arabiensis, A. squaniosus, A. rufipes, A. pha-
roensis). A. pretoriensis is a species found throughout the
arid south and southwest. Finally, among these nonendemic
species are the important vectors of malaria, in particular
A. funestus, A. arabiensis, and A, gambiae (Ralisoa 1996;
see Ariey et al., this volume). The occurrence on Madagas-
car of these three species is often thought to be related to the
arrival of people on the island. Larvae of these animals can
be preferentially found in rice paddies, a habitat very simi-
lar to that of eastern African populations.

A fourth vector species, this one an endemic, A. mas-
carensis, 1s known to transmit the malaria parasite at only
two sites—Ile Sainte Marie (Fontenille et al. 1992) and To-
Jagnaro (Marrama et al. 1999). The populations of this spe-
cies in the central highlands or other sites along the east
coast are not known to be infected, and considerable col-
lection efforts have been made. Several studies are under

I
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Figure 8.32 Anophelinae species richness and surface area for 47 African coun-
tries. Arrow indicates Madagascar. Regression correlation, r = 0.647.




712 Invertebrates Systematic Accounts - Mosquitoes

way to understand genetic and behavioral differences be-
tween infected and noninfected populations.

Culicinae

This subfamily has the greatest species richness within the
Culicidae, with about 2500 species recognized worldwide.
The larvae belonging to this subfamily can easily be differ-
entiated from those of the Anophelinae by the presence of a
subterminal abdominal respiratory siphon and by a nearly
perpendicular body posture with respect to the water sur-
face. The imago females have maxillary palps shorter than
the proboscis, which appear rather fine.

Members of the subfamily Aedini collected on Mada-
gascar, besides the genus Eretmapodites and considering
recent taxonomic changes (Reinert 2000), contain the two
genera Aedes and Ochlerotatus. Worldwide these two gen-
era comprise about 900 species. Most Aedini have eggs that
are particularly resistant to desiccation. This allows them to
lay eggs at a great variety of sites, including those suscep-
tible to dry periods. This ability gives them a particular
epidemiological importance with respect to certain arbo-
viruses. Specifically, there is evidence that certain viruses
are able to transfer to eggs and further life stages of the next
generation, which, combined with their resistance against
desiccation for up to several years, renders at least sev-
eral species of Aedes as important potential reservoirs for
certain diseases (e.g., Rift Valley fever). Further, from the
medical zoology perspective the toughness of Aedini eggs
allows some of them to be reared easily under laboratory
conditions.

The Aedini of Madagascar are composed of 29 species,
belonging to 3 genera and 9 subgenera (Ravaonjanahary
1978; Fontenille 1989). The Malagasy members of the ge-
nus Aedes are included in the subgenera Aedimorphus,
Diceromyia, Neomelaniconion, Skusea, and Stegomyia.

Three-quarters of the species of Aedimorphus are Afro-
tropical, and the others occur in the Oriental and Aus-
tralian regions. The sites at which they are found can often
be large, such as a flooded field. Of the ten species occur-
ring on Madagascar, three are endemic. These forms are
diurnal, are attracted to humans, and occur in the forests
of the northeast. The remainder includes six species that
also oceur in the Afrotropics and one species that is broadly
distributed across the Afrotropical, Oriental, and south
Palearctic regions. Aedes vittatus has been implicated in the
transmission of yellow fever in eastern Africa.

The subgenus Diceromyia includes Afrotropical and
Oriental forms; five species occurring on Madagascar are

endemic. The larvae live in tree holes containing water. Two

of the Malagasy species are seemingly rare or at least poorly
known and seem to be limited to forests of the Eastern Do
main. The other three species are diurnal and bite hy.
mans—these include Aedes coulangesi and A. tipton;,
which are able to withstand relatively marked dry seasons
in a portion of their ranges that includes the western, cen-
tral, and southern parts of the island, and A. madagas.
cariensis is found in these same regions as well as in the
cast. These ecological and climatic preferences are similar
to those of other African and Asian members of this sub-
genus occurring in savanna and at the forest edge. Certain
continental African species are associated with the trans-
mission of yellow fever.

The subgenus Neomelaniconion comprises two spe-
cies that are shared in common between Madagascar and
Africa. They can occur rather regularly at sites in the East-
ern Domain. The three Malagasy species of the subgenus
Shusea are known only from the northwestern portion of
the island, where they live in crab burrows within coastal
mangroves. Of these three species, two are endemic to
Madagascar, and the third also occurs in the Seychelles. All
three are morphologically close to a species occurring on
the east coast of Africa. Females will often feed on humans
and can be a nuisance.

The subgenus Stegonryia is represented on Madagascar
by two species and is responsible for the transmission of
dengue fever, found across most tropical portions of the
world. Curiously, this disease seems to be absent on Mada-
gascar (see Rousset and Andrianarivelo, this volume). The
geographic distributions of these two forms on Madagascar
are almost exclusively allopatric—the zone of averlap is in
the Sambirano region and near Antsiranana. Aedes albo-
pictus, with its origins in the Oriental region, occurs in the
central highlands and along the east coast. It is also known
to occur on La Réunion, Maurice, and the Seychelles but is
absent along the east coast of Africa. It lives in close contact
with humans, feeding during the day and laying eggs in
nearby receptacles, such as tires, cans, and coconut husks.
A. aegypti, from the Afrotropical region, is largely known
from the west coast and southern portion of Madagascar,
as well as the Comoro Islands and the east coast of Africa.
It is interesting to note that the form occurring on Mada-
gascar, A. aegypti formosis, 1s distinctly dark, whereas the
form within other areas of its range is lighter in coloration.
The Malagasy form feeds largely on animals and is difficult
to rear in the laboratory. The females tend to Jay eggs in tree
holes, which is different from A. aegypti populations in-
volved in dengue epidemics, which occur in urban areas,
bite humans, and lay eggs in artificial sites. These behav-
ioral differences may explain the absence of dengue in Mad-
agascar (see Rousset and Andrianarivelo, this volume).




The genus Ochlerotatus (section I) comprises seven Ma-
[agasy species placed in the subgenera Finlaya, Levua, Mu-
cidus, and Ochlerotatus. The subgenus Finlaya is well rep-

resented in the Oriental and Australian regions. In contrast,

only
nent, The species occurring on Madagascar are all endemic

and, like other members of this subgenus, lay their eggs in
tree holes. On the basis of current information, only O. no-
netus is known to bite humans. This species has a relatively
large distribution on the island but seems to prefer zones

about ten species are known from the African conti-

with marked hot and dry seasons; O. brygooi seems to have
a similar distribution. Two species of the subgenus Mu-
cidus are known from Madagascar: O. (Mucidus) mucidus
is also Afrotropical in distribution; O. (Mucidus) scato-
phagoides occurs across the zone from the African conti-
nent east to Myanmar. On Madagascar this latter species
occurs in the arid south.

The subgenus Ochlerotatus is represented only by a
single endemic species, O. ambreensis, collected on Mon-
tagne d’Ambre. Like the previous subgenus, Ochlerotatus is
poorly represented on Africa, where six species have been
recorded. This subgenus occurs broadly across the Holarc-
tic, Australian, and Neotropical regions. One species previ-
ously placed in this subgenus is now considered the single
member of the subgenus Levira on Madagascar. This ani-
mal, O. (Levita) fryeri, is limited to the western coastal
zone of Madagascar, and it has also been recorded along
the east coast of Africa. The other two species of this sub-
genus include an endemic to La Réunion and a second to
the Fiji Islands.

The Afrotropical genus Eretmapodites is known on
Madagascar by four species, none of which is endemic to
the island. Of these four species, only E. quinquevittatis is
reasonably well known, particularly along the eastern
slopes of the island. The presence of E. subsimplicipes on
Madagascar is uncertain; this mosquito has a distribution
limited to the southern and eastern portion of Africa and
the Comoro Islands. The other two species are largely
known from western and southern Africa, and they have
not been recently recorded on Madagascar. The oviposition
sites of members of this genus include, for example, leaf lit-
ter or cut bamboo; on Madagascar they also occur in tree
holes. These diurnal animals occur mostly in forested zones
and rarely bite humans.

The Culicinii are represented only by the genus Culex,
“.JhECh’ like the genus Aedes, contains a large number of spe-
Cles across the world. The sites where larvae occur are di-
verse and include permanent or temporary ponds, flooded
fields, and along river margins. Sites in tree crevices or leaf
sheaths are rare. Certain species associated with humans

¢an be found in artificial sites of varying size, including very
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polluted water. The eggs are laid as a form of floating raft.
The adults have scaleless wings and, unlike Aedes, have
very little body ornamentation. Diagnosis of the different
species is quite straightforward and based on male genital
structure. Certain species are attracted to humans, and
these are extremely important in epidemiological studies of
filariosis and arboviruses.

Of the 21 subgenera known worldwide, § are recorded
on Madagascar (Culex, Culicimyiomyia, Eumelanomyia,
Luttzia, and Maillotia). The subgenus Cirlex is the best rep-
resented on the island and includes 31 of the 47 species of
the genus found on Madagascar, The 11 species endemic to
Madagascar are distributed in different groups. The large
majority of nonendemic species are African in origin, and
only the subgenus Crlex contains a few species occurring
outside the African region.

The considerable interest in the Ficalbiini is not associ-
ated with medical zoology but rather is based on morpho-
logical and biogeographic considerations. On Madagascar
this group has several unique adaptations associated with
its aquatic stages. The larvae have a particular adaptation
to the respiratory siphon, which includes an organ that
pierces the air-conducting canals of aquatic plants or a
hooklike organ that attaches to the underside of leaves. The
distribution of this tribe is limited to Old World tropical re-
gions from the Afrotropics to the South Pacific. This tribe
worldwide includes the two genera Ficalbia and Mimomyia
(Grjebine 1986).

The genus Ficalbia occurs in the Eastern Domain, where
two species are found that also occur on the African conti-
nent. The adults are very small, and the males are char-
acterized by a distally swollen proboscis and by the palps
being shorter than the proboscis. The larvae live in ponds
or along the edges of watercourses with lush growths of
aquatic and semiaquatic plants.

The genus Mimomyia includes three subgenera, of
which the subgenus Ingramia is well represented on Mada-
gascar. The imagoes are mosquitoes of average or small
size, often ornamented with metallic or golden scales. Fur-
ther, the nymphs are remarkable in having racher elongated
respiratory trumpets, The sites for larval development are
identical for the subgenera Mintomyia and Etorleptiomyia.
However, in the case of the subgenus Ingraniia, they occur
in small pockets of water held in the leaf sheaths of plants
such Ravenala. This subgenus, which includes 20 spe-
cies, of which 17 occur in the Malagasy subregion and 3 in
Indo-Malaysia, was previously called Ravenalites based on
these remarkable adaptations (Doucet 1950). The larvae of
the three Asiatic species develop in tree holes or bamboo
cavities.

Sixteen members of the subgenus Ingramia found on
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Madagascar are endemic, and most of these occur along the
eastern slope of the island, There is a species endemic to the
Comoro Islands. The two subgenera Mimomyia and Etor-
leptiontyia include in total 24 species found from Africa to
the South Pacific. Among these forms, five are shared in
common between Madagascar and the African continent.

The genus Orthopodoniyia, which includes about 30
species across the world, is distinctly more common in the
Oriental and Neotropical regions. Only one species is
known from the Palearctic region, and the Afrotropical re-
gion includes two species occurring in a relict forest in
Cameroon, In contrast, the Malagasy subregion includes
12 species, all endemic. These mosquitoes may have little
human medical importance, as they may be involved only
in the transmission of certain avian arboviruses. On Mada-
gascar the larval development sites of at least eight of the
species include crevices in trees, as well as leaf axils of
plants such as Pandanus and Ravenala and only very rarely
artificial containers (Rodhain and Boutonnier 1983; Brun-
hes and Hervy 1995).

In general most species show alloparric distributions on
Madagascar and across the Malagasy subregion (Grande
Comore, Mayotte, Maurice, and La Réunion). For ex-
ample, on the Ankaratra Massif the different species show
elevational segregation. Only one species is known from
western Madagascar (Orthopodomyia vernoni), whereas
the east coast contains a zone with several species south of
Fénérive-Est. Morphological studies have shown that the
Malagasy species are very similar and probably mono-
phyletic (Rodhain and Boutonnier 1983). On the basis of
the same criteria, the species found on other Indian Ocean
islands are more closely related to those from the Oriental
region, and those on the African continent form a separate
group (Brunhes and Hervy 1995).

Toxorynchitini, formerly considered a subfamily of To-
xorynchitinae (Harbach and Kitching 1998), includes a
single genus, Toxoryncbhites, represented on Madagascar by
two described species. One of these, T. brevipalpis, has a
broad distribution in sub-Saharan Africa, and the other, T.
pauliani, is endemic to Madagascar. Both species are found
in the Eastern Domain, and T. brevipalpis is also known
from the Sambirano region. These large mosquitoes, with
metalliclike scales, have a nonbiting trumpet char is ‘de-
curved. The females lay eggs in sites such as tree crevices
and leaf sheaths of Ravenala. The particularity of this
group is that the larvae are carnivorous and feed on the lar-
vae of other mosquitoes. On Madagascar, the larvae of this
genus are often found in association with those of the gen-
era Ficalbia, Uranotaenia, and Miniomyia.

Uranotaenia is a very poorly known genus; 28 species

have been reported from Madagascar and are included in
two different subgenera. This genus shows considerable en-
demism at the species level. The subgenus Pseudoficalbiy
includes the majority of African or tropical species of this
genus, including the endemic or nonendemic formg on
Madagascar. The nonendemic species found on Madagas-
car occur across much of the Malagasy subregion, partiey.
larly the subgenus Pseudoficalbia. No species is shared in
common between Madagascar and the Oriental region, Fop
the Malagasy species, particularly those that are endemic,
larvae can develop in pools, crevices in rocks, in leaf sheathg
(c.g., Pandanus, Ravenala), in pitcher plants (Nepenthes),
and in very small sites such as cut bamboo. These small
mosquitoes are not particularly attracted to humans and
are of little importance from a medical perspective. Brunhes
and collaborators (IRD-Montpellier) are currently con-
ducting taxonomic studies that will at least double the
number of known endemic species from Madagascar,

Two species of the genus Mansonia occur in the Afro-
tropical region, and one is known from Africa to the Aus-
tralian region. The last species, M. uniformis, is sometimes
abundant and aggressively bites humans. Further, it trans-
mits filariosis and arboviruses. The larvae occur in aquatic
vegetation and, as in certain Ficalbinii, possess a modifi-
cation of the respiratory siphon. This character is thought
to be convergent between members of this genus and those
of the Ficalbinii. The genus Coquillettidia is rather close to
Mansonia, and the larvae also have similar modifications
for attaching to aquatic plants on which they depend for
gaseous exchange. The rather large imagoes are often yel-
low in color. Two of three Coquillettidia species known
from Madagascar are endemic. The third also occurs on the
African continent. The pantropical genus Aedeonyia in-
cludes six species, three of which occur on Madagascar,
and one of these is endemic. As in the previous genus, the
larvae of this mosquito also depend on aquatic plants. The
genus Hodgesia, known from sub-Saharan Africa to the
South Pacific and the Oriental region, has been captured
only once on Madagascar—in the forest of Mandena,
north of Tolagnaro.

Only two genera documented in the Afrotropical and
Oriental regions are unknown to occur on Madagas:
car. These are Culiseta, widely distributed in the temper=
ate areas of the world, and Malaya, in which the nons
blood-sucking females often feed on a form of secretion
(“menna”), which is obtained from the mandibles of th‘e
ant genus Cremastogaster (Lane and Crosskey 1993). This
genus of ants is known to occur on Madagascar (see Fishel‘?
this volume). Malaya is the only genus of the tribe Sabethini
occurring on the African continent,
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Table 8.40. Number of species of Malagasy mosquitoes shared with other biogeographic regions

Genus Number of species Malagasy subregion Afrotropical Palearctic Oriental
Anopheles 26 1 14 5 0
Aedeomyia 3 0 2 0 0
Aedes 22 1 1 3 3
Ochlerotatus 7 0 3 0 1
Eretmapodites 4 0 4 0 0
Culex 48 2 37 8 7
Ficalbia 2 0 2 0 0
Mimomyia 22 0 5 0 0
Hodgesia 1? 0 0 0 0
Coquilletidia 3 0 1 0 0
Mansonia 2 0 2 0 1
Orthopodomyia 8 0 0 0 0
Uranotaenia 28 2 9 1 0
Toxorynchites 2 0 1 0 0
Total 178 6 91 17 12

The mosquito fauna of Madagascar is rich and highly var-
d. On the basis of present information, this fauna has its
closest affinities to the Afrotropical region—93% of the
species recorded on Madagascar that occur elsewhere in the
world are known from Africa. In addition, the Oriental re-
ion shares numerous affinities with Madagascar, particu-
tly at the level of subgenera, such as Mimomyia or In-
vamia, and to a lesser extent the Ochlerotatus of the
ubgenus Finlaya (table 8.40). As in so many of the differ-
ent biotic groups occurring on Madagascar, the mosquito

fauna shows a high level of endemism. Among the better-
known genera, the most diversified are those that are asso-
ciated with larval habitats of plant origin (pitcher plants of
Nepenthes, leaf axils of Ravenala, and crevices in trees),
such as Aedes, Ochlerotatus, Mimomyid, Uranotaenia, and
Orthopodonyia. It is likely that the diversity of breeding
sites (i.e., the diversity of the Malagasy flora, particularly
that of the eastern slope), rather than the variety of prey of
these blood-sucking insects, has permitted such a specific
radiation. Taxonomic and ecological studies of groups such
as Uranotaenia, Minomyia, or Orthopodomyia that ad-
dress plant specificity may confirm this hypothesis.

J.-M. Elouard

he Simuliidae are small Diptera that occur near running
er. They are holometabolous (i.e., they have a pupal
‘3_33)- The larval stages are aquatic, and the adult stages
‘ freeflying. Larval and pupal stages are restricted to
1:!’ l.derateiy fast-flowing streams and rivers. The larvae and
"Pﬂpae attach themselves either to immersed surfaces
Ocks and stones, living or dead plants) or to anchored

Simuliidae, Black Flies, Moka Foby

Translated from the original French
by L. Ramandimbilahatra and S. M. Goodman

substrata (stems, roots, stolons, and leaves). Some species,
at either their larval or pupal stages, are phoretic, that is, at-
tached to other aquatic insects, crabs, or shrimps. Adult
Simuliidae are strictly diurnal. The blood-sucking females
feed on cold- or warm-blooded animals, including humans.
The adult males feed on the nectar of flowers.

The Simuliidae have colonized all continents except




