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I. The Oriental Region including New Guinea
A. GEoGrAPHICAL FEATURES

The Oriental Region occupics vast and complex areas of the Old World
tropics and subtropics, ranging approximatcly from 30°N. to 10°S.
latitude and from 60° to 130°E. longitude. Together with the Ethiopian
Region and Madagascar, the Oriental Region belongs to the Paleo-
tropical Realm (Miiller, 1974), composed of the southeastern border
of the Eurasian Continent and numerous larger and smaller islands
surrounding the Equator. The main countries or provinces in this
region are India, Pakistan, Nepal, Sri Lanka, South China, Formosa,
the Ryukyu Islands of Japan up to Watase’s or Miyake’s Line, the
Philippines, Burma, Laos, Thailand, Cambodia, Viet Nam, Malaysia,
and Indonesia as far east as Wallace’s or Weber’s Line. Across this
Line this region continues to the Australian Realm of the Mollucas
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and the second largest island of the world, New Guinca (see Figs 2,
‘l’, (); -

New Guinea is known to have [lora and inscct fauna rescmbling
thosc of the Oriental Region rather than those of the Australian. Thus,
the island is often included in the Papuan Subregion of the Oriental
Region, mixed at it southern part with the Australian Region.

This region including New Guinea is rich in vegetation due to high
temperatures and frequent rainfalls, as well as to complex topography,
forming biomes of Tropical Rain forests (Malaya to New Guinea),
Tropical Deciduous forests (northern India to South China) and
Tropical Savannah Grassland (southern India) (Cox et al., 1970). It
contains high mountains in Nepal (8800 m), New Guinea (5000 m),
Borneo (4100 m), Formosa (3900 m), Sumatra (3800 m), and Viet
Nam (3200 m). At lower levels the mean annual temperature approxi-
mates 20-26°C., and the mean monthly rainfall is 40 cm in the summer
in the northern continental areas and the same in the winter in the
southern island areas.

B. GEorLocicaL HisTory

Like other families of higher Diptera, Drosophilidae is supposed to
have originated in the Paleogene (Handlirsch, 1925). Consequently,
a review of geology, especially paleogeography, of as early as the
Mesozoic Era will be sufficient to facilitate an understanding of the
composition and evolution of the drosophilid fauna of a given region.

The Oriental Region in the Triassic Period was composed of India,
a part of Gondwanaland, and, interrupted from it by the Tethys Sea;
the southern extension of Angaraland including South China, Formosa,
the Philippines, Mollucas, and the northern part of Borneo. During
the Jurassic Period, Angaraland extended southward to cover the
Malay Peninsula, Sumatra, and a part of the Lesser Sunda Islands,
while the Philippines (exclusive of Palawan), Formosa, and Mollucas
were sunken in geosynclines. At the time of the Cretaceous Period, the
Malay Peninsula, Sumatra, and the Lesser Sunda Islands were again
sunken in the sea shelf. During Paleogene times the southern half of
New Guinea was continuous with Australia, while Formosa, the
Philippines, the northern half of Borneo, Sumatra, the Lesser Sunda
Islands, and the northern half of New Guinea were below sea level. It
was in the Early Neogene when the main uplifting movement of
Himalayan Orogeny took the place of the Tethys Sea and the general
topographical features attained a status near to that of the present
(mainly after Minato et al., 1965; Kummel, 1970).
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In and after the Pleistocene Ice Ages, repeated eustatic movements

of sca level changes occurred, aund, especially, New Guinca was

associated with Asia through fluctuating bridges or a scrics of stepping
stones (Gressitt, 1961).

II. A Brief History of the Studies of Oriental and
New Guinean Drosophilidae

The earlicr studies of drosophilid fauna of the Oriental Region and
New Guinea arc thosc in the latter half of the 19th century by Walker
(1857, 1859, 1860a, b, 1864, 1865a, b, 1868) on Sarawak, Cclebes,
Ceram, Salwatty and the eastern Archipelago, using the collections
mostly of A. R. Wallace. These were supplemented by those of Van
der Wulp (1886, 1892, 1896, 1897, 1898) on Java, Sumatra, and
Ceylon, by Doleschall (1858) on Ambon, by Osten-Sacken (1882) on
the Philippines, and by Kertész (1889, 1901) on New Guinea. In the
early half of the 20th century, our knowledge of the fauna was much
improved, especially by a number of extensive works by de Meijere
(1906-1924) and Duda (1922-1936), which were focused on Viet Nam,
Java, Sumatra, and Formosa. The famous Sauter collections were
studied by Hendel (1913a, 1914), as well as by Duda (1924b). Frey
(1917) and Senior-White (1921) treated the fauna of Ceylon; and Kahl
(1917) and Sturtevant (1927) that of the Philippines, Formosa and
India, Brunctti (1923), Malloch (1924a, 1929) and Chaudhuri and
Muckerjee (1941) dealt with Indian species. Peng (1937) and Tan el
al. (1949) focused on China including South China. Kikkawa and Peng
(1938) dealt with the fauna of Japan including the Ryukyus and
Formosa.

In his monograph on the North American species of Drosophila,
Sturtevant (1921) enumerated 97 Oriental species of Drosophilidae
belonging to 8 genera, of which three species were removed later from
the family. Wheeler (1949b) published a complete list of world
Drosophila species, in which he counted 108 Oriental species. Further
revised lists were published by Wheeler (1959) and Wheeler and
Hamilton (1972). Okada (1977b) listed 457 Oriental species, and
Hennig (1941) listed 87 Formosan species of this family.

The main studies of local fauna since 1950 may be listed as follows:

New Guinea: Angus (1964, 1967), Ayala (1965a, b), Baimai (1970),
Bock (1966), Bock and Baimai (1967), Mather (1961, 1968a, b),
Mather and Dobzhansky (1962), Dobzhansky and Mather (1961),
Carson and Okada (1980), Okada and Carson (1980).
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le India: Bichli (1973a), Dwivedi (1979), Dwivedi and Gupta (1979),
Dwivedi et al. (1979), Gupta (1969, 1970, 1971, 1972, 1974a, b),
Gupta and Ray-Chaudhuri (1970a, b), Gupta and Singh (1977,
1979), Parshad and Duggal (1966), Parshad and Paika (1964), Par-
shad et al. (1964), Parshad and Singh (1971), Prakash and Sreerama
Reddy (1977, 1978), Sreerama Reddy and Krishnamurthy (1968,
1970, 1973), Sajjan and Krishnamurthy (1973), Singh (1974, 1976),
Singh and Gupta (1974, 1977a, b), Vaidya and Godbole (1971, 1972,
1973, 1976).

Nepal: Okada (1955, 1966), Takada (1970).

Thailand: Okada (1964). _

Malaysia: Mather (1968a), Okada (1976a, 1978), Takada and Momma
(1975), Takada et al. (1973).

Indonesia: Burla (1954), Wheeler (1969), Carson and Wheeler (1973),
Okada (1975, 1978).

Philippines: Delfinado and Hardy (1971), Takada (1976b).

Formosa: Lin and Ting (1971), Lin and Tseng (1971, 1972, 1973),
Lin and Wheeler (1972), Okada (1971a, b, 1977a, 1978).

Ryukyus: Okada (1964, 1965, 1968a, b), Takada and Wakahama
(1967). :

Besides these studies of local fauna, or, more properly, based upon
these faunal studies, detailed revision of a certain group of specics, such
as genus, subgenus, species group, and species-complex, has been one
of the recent tendencics. Bichli (1971) treated the genus Leucophenga
and Paraleucophenga of Africa, referring to some Oriental species. He
(Bachli, 1973b) also revised the Southeast Asian species of the subgenus
Hirtodrosophila described by Duda. Bock and Wheeler (1972) revised
the melanogaster species group and divided it into 12 subgroups, of which
9 include Oriental species. Hackman (1959) subdivided the genus
Scaptomyza into 9 subgenera, 2 of which include Oriental spccies.
McAlpine (1968) revised the genera of Drosophilidae and allied families
with pubescent arista. Okada (1967) investigated the subgenus Hirto-
drosophila of the Old World and also (Okada, 1974) the genera
Sphaerogastrella and Liodrosophila from the same area. Tsacas and
Chassagnard (1976) studied in detail Drosophila brunnea and its allies.
Tsacas and David (1977) analysed the kikkawai-complex species. Wilson
et al. (1969) made a cytogenetic study of the nasuta subgroup of the
immigrans species group and recognized 8 species and 3 subspecies.

Phylogenetic researches of Drosophilidae on a broad scale have been
made by Throckmorton (1962a, b, 1968, 1975). Yang et al. (1972)
calculated genetic distance among the species of the bipectinata-complex
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to establish a phylogenctic tree, which was investigated further by Bock
(1978) using a hybridization test. This work will be discussed later.

IIl. Faunal Composition and Biogeography
A. TaxoNomic OVERVIEW

Twenty-eight genera, which are about half of those known in the world,
and about 560 named species have hitherto been known from the
Oriental Region including New Guinea. Scven genera and about 100
species belong to the subfamily Steganinae, and 21 genera and about
460 species to the subfamily Drosophilinae. Among the genera of
" Steganinae, Leucophenga has more than half of the total species, Amiota:
a quarter, and Stegana one sixth. The other genera, Acletoxenus, Cacoxenus
(including Gitonides), Eostegana, and Luzonimyia, have only one or two
described species each. Among the genera of the Drosophilinac,
- Drosophila has about 300 described species, Liodrosophila 36, Micro-
drosophila 20, Mpycodrosophila. 14, and Scaptomyza 12. The remaining
genera—Dettopsomyia, Chymomyza, Drosophilella, Hypselothyrea, Lisso-
cephala, Nestodrosophila, Phorticella, Colocasiomyia, Diathoneura, Neotanygas-
trella, Paramycodrosophila, Sphaerogastrella, Sphyrnoceps, Styloptera, Laprionus
and Jygothrica—have less than ten species each.

With regard to the subgenera of Drosophila, of which eight are
represented in the Oriental Region including New Guinea, nearly one
third of the total known species belong to Sophophora and another one
third to Drosophila, each involving nearly 100 described species. Scapto- -
drosophila has about 60 species and Hirtodrosophila about 35. The other
subgenera, Lordiphosa, Dorsilopha, Dudaica and Psilodorha, have less than
5 species each. About 25 species of the genus Drosophila are not assorted
to subgenus. Among the subgenera of the genus Drosophila, Sophophora
is found in each of the 20 areas, Drosophila in 19, Scaptodrosophila in 15,
Hirtodrosophila in 12, Dorsilopha in 7, Dudaica in 4, and Lordiphosa and
Psilodorha in 2. '

There remain, however, numerous undescribed species to be found
in the future in the vast areas of this Region, especially New Guinea,
and the figures given above will undoubtedly be multiplied.

B. FAunaL ComparIsON WITHIN THE ORIENTAL REGION
IncLubpiNG NEw GUINEA

Out of the 28 genera of the family Drosophilidae which have hitherto
been known from the Oriental Region including New Guinea, only
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Tarre I The number of described species of Drosophilidae found in the major arcas
of the Oriental Region, including New Guinca

~ ol Y
] o 3 = 4 = .9 g

Genus and & 5 - 8 T E ¥z E
Subgenus Z = & L > &} < 72}

Acletoxenus 1

Amiota 2 3

Cacoxenus 1

FEostegana R

“Leucophenga 15 7 5 1 2 1 8

Luzonimyia

Stegana 1 1 1 3

Chymomyza 1 1 3

Colocasiomyia

Dettopsomyia 1 2 2

Diathoneura 1 . ’

Drosophila 30 68 15 31 5 7 7 69
Dorsilopha 1 1 1 1
Drosophila 12 22 6 8 1 2 16
Hirtodrosophila 2 1 2 1 15
Lordiphosa 3 1
Dudaica 1
Psilodorha
Scaptodrosophila 4 9 1 18
Sophophora 8 35 7 21 3 5 7 9
Ungrouped 8

Drosophilella

Hypselothyrea 1 3 2 1

Liodrosophila 4 4 4 2 4 7

Lissocephala 1 2 1

Microdrosophila 5 1 2

Mycodrosophila : 1 5

‘eotanygastrella

Nesiodrosophila

Paramycodrosophila 1 1 1

Phorticella 2 1

Scaptomyza 5 2

Sphaerogastrella . 1 2 1 1

- Sphyrnoceps : 1

Styloptera

Laprionus 1

Lrgothrica

Total ) 65 94 30 41 14 7 8 108
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three are endemic to the region; Colocasiomyia (Java), Luzonimyia (the
Philippines) and Sphyrnoceps (Simeulué Island near Sumatra). None of
the 15 genera known from New Guinca are endemic to that area. The
number of gencra having been recorded is 18 from Java, 17 from
Formosa, 16 from New Guinea, 15 from India and Sumatra, 14 from
Malaya, 13 from the Ryukyus, 10 from the Philippines and Nepal, 9
from Sri Lanka, 7 from Singapore and Thailand, 6 from Borneo, and
5 from Viet Nam. From the other arcas less than 3 gencra are known,
and from Burma and Laos seemingly none. The number of species in
each of these 20 areas is shown in Table 1. )

The genus Drosophila is distributed in every area where the droso-
~ philids are known: Leucophenga and Liodrosophila in 16; Stegana in 12;
Amiotain 10; Hypselothyrea and Lissocephalain 9; Microdrosophila, Paramyco-
drosophila, Phorticella, Scaptomyza and Sphaerogastrella in 8; Mycodrosophila
and Detlopsomyia in 7; Chymomyza in 5; Cacoxenus and Drosophilella in 4;
Nesiodrosophila in 3; Eostegana, Acletoxenus and Styloptera in 2. Luzonimyia,
Colocasiompia, Diathoneura, Laprionus, ygothrica, Neotanygastrella and
Sphynoceps are recorded from only a single area each.

Faunal comparison at the genus level within this region including
New Guinea is attempted by means of the procedure of numerical
taxonomy, taking arcas as taxa (¢ = 16) and genera as characters
(n = 28). The genus Drosophila is excluded because it is found in every
area. The areas compared are those in which more than 10 species
have been recorded: 1. Nepal; 2. India; 3. Sii Lanka; 4. Thailand; 5.
Viet Nam; 6. Sumatra; 7. Java; 8. Bornco; 9. Philippines; 10. Malaya;
I'1. Singapore; 12. Hong Kong; 13. S. China; 14. Formosa; 15. Ryukyus;
16. New Guinea.

For proximity analysis (Carmichael and Sneath, 1969) a similarity
cocflicient S, (Okada, 1970b) is used.

Sn = 1/” (271][\'*" ”jk):' tflus S‘,n = 271]A‘+ njk

where nyis the number of genera present (coded 1) in both arcas
compared (J,K); Ni is that absent (0) from both (j,k). The cluster
analysis is made by means of UPGMA (Unweighted Pair Group
Method Using Arithmetic Average).

The resulting phenogram is as shown in Fig. 1, from which a
geographical map of faunal resemblance (Fig. 2) is provided. Cophe-
netic Correlation Coeflicient (r,,) between the original and derived ¢ x ¢
matrices is +0-78. The result shows in general reasonable biogeo-
graphical relationships, although somewhat distorted probably due to
different degrees of completeness in the the various surveys. Two major
clusters are recognized. One includes India, Nepal, Formosa, New
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Fic. 1. A phenogram of faunal relationships of the family Drosophilidae at the genus
level among 16 areas (t) within the Oriental Region including New Guinea. Proximity
analysis by S,; cluster analysis by UPGMA. R.: Cophenetic Correlation Cocfficient
between original and derived t x t matrices; n: number of genera.

Guinea, Sumatra, Java, the Ryukyus, Malaya, Singapore and Sri
Lanka; and the other includes Thailand, Viet Nam, Borneo, Hong
Kong, the Philippines and South China. The areas of the former cluster
tend to be better surveyed than those of the latter. The former major
cluster is divided into two subclusters, one including India and Nepal
and the other the remaining arcas. The latter major cluster shows no
clear subdivision. Unexpectedly, the closest faunal resemblance is found
between Formosa and New Guinea. The next closest relationship is
found between Sumatra and Java and also between Malaya and
Singapore, as expected. South China is remotest from other areas due
certainly to poor survey in that area.
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(NG OR AU JA  AF Ml EU NA  SA HA
Son 1 2 4 5 6 3 7 8 9 10
Colocasiomyia
Luzonimyia
Sphyrnoceps
70 1
Spuri'ostylopteré'
Drosqgphilella

60 - Phortlicella

50 -

40

30

Eostee;fana (excl. Japan)

Hypselothyrea
Nesiogrosophila
Liodrosophila I
b Amiota
Leucophenga
n=55 Stegana
Microdrosophila
] Ies=+0-93
¢S Drosophila
Mycocirosophila

Scapfomyza

Frc. 3. A phenogram of faunal relationships of the family Drosophilidae at the genus
level among 10 Regions (t) of the world: 1. New Guinea (NG), 2. Oriental Region
(OR), 3. Micronesia (MI), 4. Australia (AU), 5. Japan (JA), 6. Africa (AF), 7. Europe
(EU), 8. North America (NA), 9. South America (SA), 10. Hawaii (HA). The genera
representing each cluster which involves the Oriental Region are shown on the stems
of thc phenogram. *Synonymous with the subgenus Scaptodrosophila. Other explanations
as in Fig. 1. '

C. FaunaL CoMmpaRrRIsON WiTH OTHER REGIONS

For the faunal comparison at the genus level among 10 geographical
regions centering on the Oriental Region and New Guinea, the same

- methods of proximity and cluster analyses as used above are applied.

The regions compared are: 1. New Guinea (NG), 2. the Oriental
Region (OR), 3. Micronesia and Melanesia (MI), 4. Australia (AU),
5. Japan exclusive of the Ryukyus (JA), 6. Africa (AF), 7. Europe
(EU), 8. North America (NA), 9. South America (SA), and 10. Hawaii
and other Polynesian Islands (HA). In total 55 genera are incorporated,
excluding, however, Drosophila, Mycodrosophila, and Scaptomyza, because
these three genera are recorded from every one of the Regions under
consideration.

The resulting phenogram and a geographical map of faunal relation-
ships are shown in Figs. 3 and 4. The r, between the original and
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derived ¢ x ¢ matrices is +0:93. The Oriental Region stands closest to
New Guinea, and. these two are clustered to Australia and Japan at
the same level. To these four regions, Africa and Micronesia are _
successively associated. The representative genera of each cluster which
involves the Oriental Region and New Guinea are shown on the stems
of the phenogram (Fig. 3).

(NG AU ORAF Ml JA EU O NA  SA HA
S’ 1 4 2 6 3 5 7 8 g 10

15 - |
14 n=16
I.s=+089

9.

Fic. 5. A phenogram of faunal relationships of the genus Drosophila at the subgenus
level among 10 Regions of the world. n: number of subgenera. Other explanations as

in Fig. 3.

A similar method applied to the subgenus level of the genus Drosophila
yielded the phenogram shown in Fig. 5. In this case, New Guinea
stands closest to Australia, and these two are connected with the Oriental
Region, Africa and Micronesia, successively, to make a cluster, to which
are added Japan and Europe.

D. SpeciaL FEATURES OF THE FAUNA

1. Extensively diversified groups of species

Among the genus Drosophila, the melanogaster species group and the
immigrans species group show an “intcresting parallelism” (Bock and
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Wheeler, 1972). Thus, cach group shows extensive diversification in
the Oriental Region including New Guinea. The groups comprise more
than 90 and 50 described species, respectively.

The melanogaster specics group is, as mentioned before, divided into
11 named species subgroups (Bock and Wheeler, 1972), of which 9
include Oriental and New Guinean species, viz. melanogaster, takahashii,
susukit, elegans, denticulata, eugracilis, ficusphila, ananassae and montium
subgroups. Among them the suzukii subgroup alone does not enter New
Guinea. The number of Oricntal and New Guincan species of the
melanogaster species group approximates 659, of the total species of this
group in the world, and 98%, of the total species of the subgenus
Sophophora in this region including New Guinea. V

Itis remarkable, however, that in this region including New Guinea,
D. melanogaster is rather rare and D. simulans has not been recorded
except from Yakushima, Japan, just south of Miyake’s Line (Fig. 6).
The phenomenon of this rarity will be discussed in relation to the
origin of the melanogaster subgroup later in this chapter.

The immigrans species group is divided into 5 named subgroups: viz.
immigrans, nasuta, quadrilineata, lineosa and hypocausta (Wilson et al., 1969).
Each of these subgroups has been recorded from the Oriental Region
and also from New Guinca. The number of the Oriental and New
Guinean species in total exceeds 90%, of the total specics of the sub-
genus Drosophila in the Oriental Region including New Guinca.

2. High Altitude species: Palearctic elements

Tropical high mountains are often inhabited by animal species which
are thought to be Palearctic or Holarctic elements and not necessarily
autochthonous mountain species, that is, evolved on mountains in situ
(Mani, 1968). Examples of Drosophilidae in this region are found in
the obscura, robusta and histrio species groups of the genus Drosophila.

The obscura species group is a typical Holarctic element. D. bifasciata
of this group has been found in Chandigarh and Manimajra, Punjab,
India, (Parshad and Paika, 1964) and has also been found in Kashmir,
India, together with two other specics of this group, D. epiobscura and
D. helvetica, (Parshad and Duggal, 1966). D. bifasciata has been found -
also in Ali Shan, Formosa, and in Yakushima, Japan. These localities
are exclusively at high altitude.

The robusta species group, another Holarctic element, includes D.
cheda and D. pullata from the mountain areas of South China. D. lacertosa
of this group is widely distributed in the Japanese mainland and Korea,
and is recorded also from Nepal, India (Uttar Pradesh) and Formosa
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(several high mountains). In Ali Shan, Formosa, an undescribed species
closcly alhcd to lacertosa has also been found.

D. lustrio is a typical Palearctic species, whilc a species closcl) similar
to it has been collected also from Ali Shan.

Except for D. cheda and D. pullata, these examples probably are
typical relict species whose distribution had certainly been confined to
the Tropical high mountains during the Neogene Interglacial Ages.

E. BioceocraPHICAL BouNDARY LINES

Although the biogeographical line is not as distinct a boundary for
insccts as it is for higher vertebrata, particularly mammals (Gressitt,
1961), this concept helps to clarify biogeographical relationships and
aids in understanding the fauna of complex interdigitating island
archipelagos. Wallace’s Line (Wallace, 1860) passing between Bali and
Lombok through the south of the Philippines (Fig. 6) is a good example
of this. Itis also true for other boundary lines, especially for drosophilids
which may be dispersed even by winds. A number of genera entering
towards the east across Wallace’s Line, e.g. Eostegana, Drosophilella,
Hypselothyrea, Liodrosophila, Sphaerogastrella and Styloptera, seldom spread
outside the Oriental Region including New Guinea.

D. pseudvananassae has two subspccies (Bock, 1971), nigrens distributed
in India, Sri Lanka, Java, Borneo, and Malaya, and the nominate
subspccies found in the Philippines, Lombok (Okada, unpublished
observations) and New Guinea. The subspecific boundary in this case
nearly, but not strictly, corresponds to Merrill’s Line (Merrill, 1923),
which passes between Bali and Lombok and between Borneo and the
Philippines (Fig. 6). D. malerkotliana also has two subspecies (Bock,
1971). The nominate subspecies is distributed in India, Malaya, Indo-
China, Java, Sumatra and Africa. The other subspecies, pallens, is
found in the Philippines, Borneo and Celebes, crossing Wallace’s Line
castward but not crossing Weber’s Line (Weber, 1902), which passes
between Celebes and Moluccas. Recently, Val and Sene (1980) found
a form of this species from Brazil.

In both species the “dark” subspecies, with male distal abdominal
tergites black, are more westward in distribution than the “pale” ones.
Yang et al. (1972) analysed the genctic distance with biochemical
characters between four species of the bipectinata-complex including
subspecics, and found close phylogenetic relationships among bipectinata,
parabipectinata, and malerkotliana (2 subspecies), with a greater divergence
between them and pseudoananassae (2 subspecies). Bock (1978) reached
asimilar conclusion by detailed interspecific hybridization tests. Among
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the bipectinata-complex, D. bipectinata is most widely distributed in the
Oriental Region including New Guinea, Micronesia, Samoa and Fiji,
with a northern limit of distribution on Watase’s Line, which passcs
Just north of Amami Islands, Japan (Fig. 6). D. parabipectinata occurs
in the Philippines, Bornco, Christmas Island (Indian Occan), Celebes,
Indo-China and India, with the eastern limit of distribution similar
to that of D. malerkotliana.

The genera Drosophilella, Lissocephala and Phorticella do not enter
north of Watase’s Line (Watasc, 1912), while Hypselothyrea, Liodrosophila,
Nesiodrosophila and Styloptera cross to the north of Miyake’s Line
(Miyake, 1919; Esaki, 1921).

IV. Patterns of Evolution in the Oriental and New Guinean
Drosophilidae

Evolution of Drosophilidae is best discussed from a world-wide view-
point as was done by Throckmorton (1962a, b, 1968, 1975). Treatment
here is, consequently, limited to certain special lower taxa, viz., the
obscura species group, the melanogaster subgroup, the subgenus Scapto-
drosophila, the nasuta species subgroup of the immigrans species group,
and the genus Drosophilella. '

The obscura species grouy is most closely related to the melanogaster
species group, which is supposed to be derived from the former
(Sturtevant, 1942) possibly through the suzukii subgroup. Sturtevant
and Novitski (1941) mentioned that D. suzukii turns out in fact to
be an intermediate between the melanogaster and obscura species groups;
the anterior reclinate orbital is long as in the obscura group species,
while the 2nd oral is long as in the melanogaster group species. In
view of the structures of the phallic organs, Okada (1954) considered
D. suzukii to be closest to the obscura group among the members of the
melanogaster species group. The suzukii subgroup includes suzukii,
pulchrella, unipectinata, oshimai, tristipennis, immacularis, biarmipes, lucipennis
and mimetica. Their distribution ranges are somewhat restricted, no
representatives being known from the major Southeast Asian islands
(Bornco, the Philippines, etc.) east of the Malayan Peninsula (Bock
and Wheeler, 1972), with an exception of D. mimetica which was recently
found in Lombok (Okada, published observation). This species, as well
as D. unipectinata, lacks hooked scaly bristles on the tibia and metatarsus
of male mid legs. This is different from other members of the subgroup
as well as the takahashii, the ficusphila and the eugracilis subgroups.

Bock and Wheeler (1972) considered that D. melanogaster may have
either evolved in Africa or originated in India and then reached Africa,
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subscquently undergoing further speciation. Throckmorton (1975) con-
cluded that the melanogaster subgroup arose in Africa, while the melano-
gaster species group itself almost surely arose in South Asia. Tsacas and
Lachaise (1974) are also rather in favor of the hypothesis of African
origin of the melanogaster subgroup.

I am inclined to suppose that the ancestral species of the obscura
species group originated in the Oriental Region. During the Neogene
Glacial Ages it is supposed that it underwent splitting in species and
spread geographically. In the succeeding Interglacial Ages some of
these yielded various species of the melanogaster species group. A warmer
climate could then have driven the obscura group species northwards
into the Holarctic Realm. Likewise, the replacement through competi-
tion of the melanogaster subgroup species by other subgroup species
might have resulted in the present status of rarity of that subgroup-
in the Oriental Region.

The subgenus Scaptodrosophila of the genus Drosophila is abundant in
species in the Oriental Region, New Guinea, and especially in Australia,
and is supposed to have originated in tropical Asia (Throckmorton,
1975; Bock and Parsons, 1978). This subgenus belongs to the early
drosophiline radiation prior to the Sophophoran one (Throckmorton,
1975). Kurokawa and Hihara (1976) discovered the important fact
that the more primitive forms of the genus: Drosophila tend to show a
larger number of multiplication division of spermatogonia: Scapto-
drosophila 6, the obscura group 5, and the melanogaster group 4, showing
a clear evolutionary trend of Scaptodrosophila—the obscura group —the
melanogaster group, as discussed above.

In their extensive studics of taxonomy, cytogenetics and crossing
tests, Wilson et al. (1969) recognized seven biological species in the
nasuta subgroup of the immigrans species group. Among them, D. pallidi-
JSrons is the only highly distinct species, while the other six from the
Oriental Region including New Guinea are hardly distinguishable from
each other even by the features of the male genital organs. An exception
is D. pulaua from Sarawak. It should certainly be an exception from a
definition of “sibling species™ in Drosophila, referred to by Bock and
Wheeler (1972), that “the species the females of which are virtually
identical and the males of which are only separable by detailed
examination of sex-combs and/or genitalia.”

According to Kitagawa (1979), D. nasuta is distributed in the
Seychelles, Madagascar, Africa, Sri Lanka and India. 'I:hus, itis highly
plausible that this species originated in the Oriental Region and invaded
the Ethiopian Region through the Neogene land bridge between India

and Africa.
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A score of species of the genus aprionus are found in Africa, while
only one, . indiana, is found in the Oriental Region. The genus Phorti-
cella, which is closcly allied to, and often treated as a subgenus of, the
genus Laprionus, is found in the Oriental region and could have replaced
most of the members of Laprionus. Thus, even the genus Zaprionus could
have originated in the oriental Region and later invaded Africa. Along
the same line of rcasoning, the few Oriental or New Guinean species
sometimes assigned to {aprionus, e.g. obscuricornis and silvistriatus, should
perhaps be better placed in the genus Phorticella.

Finally, a special feature of evolution presented by the genus Droso-
philella will be discussed. Six species have been discovered to the present
in the genus, 3 in the Oriental Region and 3 in New Guinea. All except
D. seminigra from New Guinea are found associated with the flowers
of two genera of Araceae, Colocasia or Alocasia. The flies and larvae of
of the two species in Formosa and the Ryukyus are found micro-
allopa.rically in one and the same flower of Alocasia odora (Honda, in
Okada, 1975). Those of the other two species in Papua New Guinea
are also microallopatric in one and the same flower of Colocasia esculenta.
One species of Formosa and the Ryukyus is morphologically and
ethologically most closely related to one species of Papua New Guinea,
and another species of the former areas is closely related to another
specics of the latter area (Carson and Okada, 1980).

Through the courtesy of Drs. Th. van Leeuwen and B. Brugge of
the Zoological Museum, University of Amsterdam, I have recently
examined the Lectotype female of D. colocasiae from Java and found
it to be distinct from any of the species from Formosa-Ryukyus and New
Guinea. The Lectotype of D. colocasiae was collected from the flower of
Colocasia antiquarum (= C. esculenta, according to Yen and Wheeler,

1968).

V. Conclusion

The faunal surveys in this Region including New Guinea are still
insufficient to make available any further comparison especially at the
species level of the fauna. Numerous species remain unnamed or
undiscovered. Carson’s personal communication estimates more than
90 species of the subgenus Scaptodrosophila to occur in Papua New
Guinea, although at present only eight described species are known.
Indeed, he discovered that about 15 Scaptodrosophila species were
associated with flowers in the Morobe District, Papua New Guinea in
1977.

The recent tendency to multiply the species number comes about
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not only by exploration in poorly surveyed areas, but also by recovering
synonyms of certain species to valid names of distinct specics, such as
in the nasuta subgroup (Wilson et al., 1969), the brunnea-complex of the
subgenus Scaptodrosophila (Tsacas and Chassagnard, 1976), and the
subgenus Hirtodrosophila (Bachli, 1973b). On the other hand, the con-
cept of subspecies, which had been rarely applied to Drosophila
taxonomy, has increasingly been developed recently. For example,
three subspecics of D. sulfurigaster have been recognized (Whecler, in
Wilson et al., 1969). An cast Asiatic and an Indian subspecies of D.
suzukii are described by Parshad and Paika (1964). As cited before two
each for D. pseudoananassae and D. malerkotliana have also been
recognized. There is a case, on the contrary, where a subspecies was
raised to a good spccies, viz. D. unicolorata exilis from Yakushima, Japan
(Bachli, 1973b). )

Like most other insect groups, the greatest percentage of genera,
subgenera, and species groups of the family Drosophilidae are supposed
to have originated in the Oriental Region. This would be true even
for certain groups or species which are at present very rare or absent
from the Oriental Region. Such rarity or absence may partially be
caused by the replacement of less adapted forms by other more successful
members through competition.

Indeed, the center of dispersal of a group of animals is likely also to
be the area in which the group is represented by the greatest number
of species, but often a group may gain access to another area than
its place of origin and undergo rapid speciation and multiplication
of individuals there (Cox et al., 1976; Dobzhansky, personal com-
munication).
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