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ABSTRACT-Three  new  and  two known  species  of  the Drosophila (Sophophota) obscura  species-group

are reported  from va)nnan Province, southern  China. The  sinobscuta  species-subgroup  is newly  estab-

lished by D. sinobscura,  a  hubeiensis and  a  luguensis sp, nov, Geographic distribution of the obscura

group in and  around  China is discussed, and  a  key to 1O Chinese species  of the obscura  group is provided,

Key  words:  Drosophilidae, obscuia  species-group,

tion, China
sinobscura  species-subgroup, geographic distribu-

              INTRODUCTION

   The  Drosophila (Sophophora) obscura  species-group

has been well  studied  in the field ot  evolutionary  genetjcs
since  Dobzhansky and  co-workers  employed  North Ameri-
can  members  of this group, Drosophita pseudoobscura Frol-
ova,  1929, D. miranda  Dobzhansky, 1935, and  D. petsimitis
Dobzhansky  & Epling, 1944, as  materials  for their intensive
serial studies, 

"Genetics

 of  Natural Populations", from

Dobzhansky and  Queal (1938> to Powell et aL  (1976). This

$pecies-group  presently includes 38 species  and  3 $ubspe-

cies.  Most  of them  are distributed throughout the temperate

zone  of  the Northern Hemisphere, with  several  $pecies

extending  to tropical America (Throckmorton, 19751 Lak-
ovaara  and  Saura, 1982) and  a  few species  in the Afro-trop-
ical region  (Cariou et aL, 1988>, The overall phylogenetic
relationships  within this group are still not well resolved,  in
spite of  a  number  of previous studies  on  the phylogeny.
Ambiguities still exist in some  aspects  such  as:  (1) Geo-
graphic origin of this group: Tropical African region  or  East

Asian region?  <2) History of the New  World $pecies:  mono-

phyletic or paraphyletic? (3) The phylogenetic positions of a
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few Old World species,  such  as D. subsilvestris Hardy &

Kaneshiro, 1968, D. biiesciata Pomini, 1940 and  D. tsuku-

baensis Takamori  & Okada,  1983, are  ill-defined, Thu$,
more  evidence,  such  as  bjogeographic information, would

be indispensable for fully understanding  the evolution  of this

group.
   China had long been unexploited  territory for the study

of this group. Faunal surveys  of drosophilid flies jn the last

decade uncovered  the  presence of the obscuta  group from
China. Watabe  et  ai, (1993) first reported  4 known species

of thi$ group from Xlnjiang Uygur Autonomous Region,

northwestern  China. Thereafter, two new  species  of  this

group, Drosophila sinobscura  Watabe, 1996 from Taiwan

Island and  Drosophila hubeiensis Sperlich &  Watabe,  1997

from Hubei Province, central Chjna, were  discovered

{Watabe et aL, 1996; Watabe and  Sperlich, 1997).

   Since 2000, we  have engaged  in a  field survey  in Yun-
nan  Province, southern  China, and  found three new  and  two

known  species  of  the obscura  group, ln the present article,
the new  species  are  described with the establishment  of a

new  species-subgroup,  the sinobscura  subgroup.  A faunal
comparison  of the obscura  group is made  between southern
China and  several  districts in the Pa[earctic Region, and  a

key to all 10 Chinese species  of the obscura group is pro-
vided.
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MATERIALSANDMETHODS

  Observation/ External morphology  was  observed  under  a  ste-

reoscopic microscope,  and  metric characters were  measured  with

an  ocular  micrometer.  The  male  and  female terminaiia were

detached from the body, treated with  10%  KOH  solution  around

80-C for several  min,  and  observed  in a  droplet of glycerol under  a

compound  light microscope,  Drawings  were  made  with  an  ocuiar,

mesh  micrometer.

  Labotatoty rearing/  Some  morphological  variations  were

detected between two allopatric  populations of D. hubeiensis. TwQ

representative  iso-iemale strains  were  used  for morpho[ogical  com-

parisens: the Yunnan population <HY), coUected  trorn Gaeligongs-
han Nature Reserve, western  Yunnan, and  e$tab!Lshed in August
2000, and  the Hubei  population (HH), collected  from Shennongjia
Nature Reserve, Hubei, and  established  in Juiy 1992. The adult

flies were  allowed  to oviposit  in aglass  vial (30 mm  in diameter, 105
mm  in height) on  usual  Drosophila medium  (10 ml)  consisting  of

Baker'$ yeast-sucrose-cornmeal-agar (Watabe et  al., 1996). The
rearing  vials were  maintained  in incubator at 20±20C under  contin-

uous  light.

RESULTS  AND  DISCUSSION

Establishment of  the

subgroup

   When  Sturtevant

Drosophiia sinobscura  species-

<1942) originaliy established  the

obscura  group, he clas$ified it into 2 species-subgroups,  the

athhis subgroup  consistjng  of New  World species  and  the

obscura  $ubgroup  consisting  of both New  and  Old World
species,  Since then, 3 more  subgroups  have been added:
the Oid World subobscura,  the New  World pseudoobscura
and  the Atro-tropical microlabis  (Buzzati-Traverso and  Scos-
siroli, 1955; Lakovara and  Saura, 1982; O'Grady, 1999),

Ieaving several  species  unassigned  to any  subgroup.  Three

species  recently  found from mainland  China and  Taiwan, D.

sinobscuta, D. hubeiensis and  D. Iuguensis sp. nov., share

a  number  of morphological  characters  and  are ali easily dis-
criminated  from the known subgroups  by the diagnostic
characters  indicated below. Thus, we  newly  establish  the

sinobscura  subgroup  in the obscuia  group. In additjon to

morphological  similarities,  these three members  constitute a

compact  cluster in the unrooted  neighbor-joining  dendro-

grams based  on  allozyme  data and  nucleotide  sequences  of

the nuclear  Adh gene and  the mitochondrial  ND2  gene (Gao
et al,, unpublished  data)

   Diagnosis. Scutum and  scutellum  black, without  any

longitudinal stripes.  Acrostichal setulae  in 8 rows.  First tar-

someres  of  c;' foreleg slightly  longer than 2nd tarsomere,

with  large sex-comb  present on  both tarsomeres (Fig, IA).

Epandrium  dark brown, with ventral portion paler, Median
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Fig. 1. Drosophila {Sophophora) tuguensis sp. nov.  S" holotype from Yunnan,  China; g  paratype, offspring  from iso-femaie Iine coiiected  in
Lugufu, Yunnan.  A, sex-combs  on Tore)eg; B, male  terminaiia in lateral view;  C, inner aspect of surstylus; D. cercus; E, decasternum; F, aede-
agus  and  its adjacent  structures  in ventral  view;  G. aedeagus,  paramere and  gonopod in lateral view;  H, ejaculatory  apodeme  in lateral vjew;  l,
ejaculatory apodeme  in ventrai view:  J, oviscapt;  K, spermatheca.  Signs: a, paramere;  c, surstylus;  e, aedeagus;  g, epandrium;  o, aedeagai

apodeme;  p, gonopods; t, cercus,  Scales = O,1 mm,
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piece of decasternum broadened, narrower  than long, api-

cally truncate or rounded,  Aedeagus narrow,  1/3-114 of

width  of hypandrium; lateral plates sclerotized, apicaliy with
triangular expansien,  Hypandrium pale brown, caudomedi-
ally  slightly notched,  with 1 pair of tiny paramedian setae  on

caudal  margin,  Spermatheca cone-shaped;  introvert shal-

low, Iess than 1/2 height of outer  capsule,

Descriptions of obscura  group species  trom Yunnan

   Morphological characters  commonly  seen  in all species

examined  (presence of dense interfacetal setulae  on  eye,

coloration  of  pedicel, oceliar triangle and  frons, chaetotaxy

of  postpronotal lobe, etc,)  are  referred  to in the description

of the first species  but not  repeated  for the other  species,

Drosophila (Sophophora) luguensis Gao  & Toda  sp, nov.

   (Fig, IA-K)

    g', g  . Head: Eye red, with thick interfacetal setulae.

Ocellar triangle black. Pedicel dark brown, with  a few setae;

lst flagellomere grayish brown. Frons black, O.41 in holo-
type (range jn 19 paratypes: O.41-O.55) as  broad as  head,

with several  interfrontal setulae.  Arista with 3 dorsal and  2

ventral  branches besides terminal bifurcation. Anterior recli-

nate  erbital $eta  (Orb2) O.45 (O,32-O.50} length of posterior
reclinate orbital seta  (Orbl); proclinate orbital  seta  (Orb3)
O.83 (O,64-O,92) length of Orbl. Face  black; facial carina

dark brown, moderate.  Clypeus black. Gena  brown, O,29

(O.27-O.31) as  broad as  maximum  diameter of eye.  Sub-
vibrissal seta  (Or2) O.45 (O.39-O,56) length of vibrissa (Orl).
Palpus yellow, with  1 prominent apical seta  and  several  ven-

tral ones,

   Thorax: Scutum and  scutellum  black, without  longitudi-

nal stripes. Postpronotal lobe dark brown, with 2 prominent
setae  (Hu}, Anterior dorsocentral seta  {DcA) O.45 (O,45-
O.76) length of posterior dorsocentral one  (DcP}; length dis-
tance of dorsocentral setae  O.47 (O,33-O.56) cross  distance.
Acrostichal setulae  (Ac) in 8 rows.  Anteriorlposterior

katepisternal seta  length (Sterno-index) O.57 (O,47-O.61).
   Wing  hyaline, slightly clouded  along  costa  in si'a . Veins

brown; R2.3 gently curved  to costa  at tip; R4.s and  Mi nearly

paral[el, Wing indice$/ C=2.93 (2.63-3.28); 4V=1.98 (1.70-
2.50)I 4C=O.88  (O.83-1,05)l 5x=1,91 (1.31-2,Ol)i Ac=2.55

(2,23-2,68); C3F=O.33 (O,31-O.43), Ci setae 2, less-dMer-
entiated. Halters white,

   Legs  yellowish brown. Foreleg lst tarsomere slightly

longerthan 2nd tarsomere. Sex-comb teeth 1O (9-11) on  1st

tarsomere, 8 (8-1O) on  2nd tarsomere {Fig. 1A).

   Abdomen: Tergites uniformly  brownish black; sternites

gray in 6", pale gray in \.
   Male  terminalia (Fig, IB-1); Epandrium  dark brown,

paler on  ventral portion, lacking pubescence, with  5 (range
in 9 g' paratypesi 4-6) setae  along  posterior margin  of upper

half and  19 (15-21) setae  on  caudo-ventral  margjn  of lower
half, Surstylus pale brown, with 8 (7-9) peg-like prensisetae
and  ca.  15 trichoid $etae. Cercus  oval,  brown, glabrous, with

30 <27-35) setae  distributed thickly ventrally and  sparsely

dorsally. Decasternum  less-sclerotized; median  lobe rectan-

gular; [ateral flap large, Aedeagus yellowish brown, narrow

{ca, IM  of hypandrial wjdth), artjculated with  apodeme;  lat-

eral plates sclerotized, apica[ly with triangular expansion,

basal[y with quadrate knob in lateral view;  median  mem-

brane covered  with numerous  wart-like  serrations;  apodeme

dark brown, 2.28 (2,03-2.31) times as  long as  aedeagus.

Paramere  longer than aedeagus,  sword-shaped  in laterai
view,  apically pointed, with 6 minute  sensil)a arranged  lon-

gitudinally on  basal to subapical,  lateral surface.  Gonopods

as  long as  aedeagus,  apically fused to aedeagal,  basal pro-
cess.  Hypandrium pale brown, caudo-medially  slightly

notched,  with  1 pair of  tiny paramedian setae  on  caudal

margin,  Ejaculatory apodeme  plate pale brown, quadrate;
stalk  dark brown, longer than apical plate.
   Female  terminalia (Fig, IJ-K)i Oviscapt yellowish
brown, with 2-3  latera[ and  11-17 marginal  peg-like ovisen-

$il[a and  subterminal  trichoid seta;  antero-ventral  bridge

long. Spermatheca dark brown, cone-shaped;  introvert ca,

215 height of outer  capsule,

   Measurementsi  Body length =  2.33 mm  (range in 9 c?

paratypes/ 1.92-2,56, range  in 1O 4 paratypes: 2.93-3,39),
Thorax length including scutellum  =  1 ,03 mm  ( g' : O,81-1 .1 1 ;
4 i 1,16-129). Wing  length =  2.56 mm  ( X' : 2.10-2,67; e
: 2.65-2,97), and  its width  =  1.10 mm  < ,1  : O.92-1.19; 9 i

1.14-1.32).

   Holotype, el" , China: Lugu Lake Nature Reserve, {ca.
2800-3000  m  above  sea  level), Lijiang, Yunnan Province,
26.vii,2001, ex  banana traps (Gao and  Watabe leg.); depos-
ited in Kunming  lnstitute of Zoology, Chinese Academy  of

Sciences, Yunnan, China {KIZ).
   Paratypes, China/ 9 8  , 25.vii,2001; 20  S" , 26,vii.2001;

15 X, 27,vii,200t, same  collection site as  holotype; 16 X, 15

5i , offspring from iso-female line, collected  in the type local-

ity and  established  on  25-26.vji.2001; 50 r  , 5 
-?
 deposjted

in KIZ, and  1O g 
,
 10 g  in Systematic Entomology, the Hok-

kaido University Museum,  Hokkaido University, Sapporo,
Japan  (SEHU),
   Distribution, China: Yunnan,

   Retationships and  diagnosis. Drosophila Juguensis can

be clearly distinguished from D. sinobscura  and  D. hubeien-

sis by the aedeagus  with  serrations  on  median  membrane

and with the quadrate knob  at base (in both D. sinobscura
and  D, hubeiensis, the aedeagus  is smooth  on  the median

membrane  and  the basal knob is triangular). Further, the

phallosomal Lndex (the relative length of aedeagal  apodeme

to the aedeagus)  of P. Iuguensis (2,03-2,31) is larger than

those ot D. sinobscura  (1.51-1,84) and  D. hubeiensis (1.49-
1.67).

   Etymoiogy, Pertaining to the type locallty,

Drosophila (Sophophora) dianensis  Gao  &  Watabe  sp.

nov.

   (Fig. 2A-L)

   (1 , ? .Head: Pedicel dark yellow; lst flagellomere

grayish yellow, Frons O.48 in holotype (range in 7 paratypes:



The Zoological Society of Japan

NII-Electronic Library Service

TheZoologicalSociety  of  Japan

776 J-j. Gao et aL

e

g

,k

<
w

        
,v

           1
           h

     4 ]
'A

              Dii
Fig. 2, Drosophila (Sophophora) dianensis sp.
inal tergites in lateral view;  C, male  terminalia in lateral view;  D, inner aspect  of surstylus
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･1

  
//)

  
'1

     
"

 e

                               k --

                           E
  2{li :-'･x.

,,

i
 ),k "ttn> 

t'ii
,ll}Jli

              nov.  ,I" holotype, ? paratypes, from Yunnan,  China, A, sex-combs  on  foreleg; B, temale abdom-

                                           ;E, cercus;  F, decasternum; G, aedeagus  and  its adja-

view;  H, aedeagu$,  paramere and  gonopod in iateral view;  1, eiaculatory  apodeme  in lateral view; J, ejacu[atory

                             mm,  except for Fig. 2B  O.O mm),  Signs as  in Fig. 1.

O.46-O.53) as  broad as  head. Arista with  3 dor$al and  2 ven-

tral branches, Orb2 O.45 (O,30-O.49) length of  Orbl; Orb3
O.74 (O.64-O.77) length of Orbl. Face black; facial carina

broadened, dark yellow. Gena O.30 (O.26-O,35) as  broad as
maximum  diameter of eye,  Or2 weak,  O,60 (O,45-O.64)
length of Orl. Palpus yellow, with  1 prominent apical seta

and  1 lateral one,

   Thorax: Scutum  black, wlthout  longitudinal stripes;

scutellum  dark brown, marginally  black. DcA O,67 (O.61-
O,70) length of DcP; length distance of dorsocentral setae

O.41 (O.38-O.52) cross  distance. Ac  in 8 regular  rows.

Sterno-index O.51 (O.51-O.60),
   Wing pale yellow. Indices] C=2.88 (2.32-3,OO); 4V=1.93

(1,88-2.50)l 4C=O.93  (O.88-1,29)l 5x=2.12 (1,80-2.22)l
Ac=2.47 {2,31-3,05), C3F=O,34 {O.34-O,49).
   Legs dark brown, Foreleg lst tarsomere much  ionger
than 2nd  tarsomere. Sex-combs strongly obljque against
main  axis of tarsomeres, with 4 (4-6) teeth on  1st tarsomere

and  3 {3-5) teeth on  2nd tarsomere (Fig. 2A).

   Abdomen:  Tergites brownish black, with small  faint pale

spot  on  antero-ventral  corner  of  4T  and  distinct pale spots

on  antero-ventral  corner  of  5-6Ts  in 9 (Fig. 2B). Sternites

pale gray, with  13 <11-15) fjne setae  on  X 5S.

   Male  terminaiia (Hg. 2C-J): Epandrium  dark brown,
ventrally  paler, lacking pubescence, with  3 (range in 3

paratypes: 4-6) setae  along  posterior margin  and  14 (15-
t9) setae  on  caudo-ventral  portion. Surstylus dark brown,
with  1O {9-1O) peg-like prensisetae and  16 (14-t6} trichoid
setae,  Cercus grayish brown, broadened  on  upper  half and

gently taperjng downward, with 21 (21-23) setae.  Decaster-

num  sclerotized;  median  lobe broadened, nearly quadrate,
Aedeagus  ca, 113 as  broad as  hypandrium, articulated with

apodeme;  lateral p]ate much-sclerotized,  with numerous

serrations  subbasally  to subapically  and  fine setulae  antero-

ventrally; median  membrane  covered with fine, long (proxi-
mally)  or  short  (distally) setulae; apodeme  brown, longer

than aedeagus.  Paramere  ye"owish brown, as  [ong as

aedeagus,  sword-shaped  in Iateral view, apically pointed,

with 12-13 min  sensilla arranged  Iongitudinally on  basal to

subapical,  lateral surface.  Gonopods separated  from each

other, shorter  than aedeagus;  aedeagal  basal process

almost degenerated, Hypandrium pale brown, with 1 pair of

tiny paramedian setae  on  deeply concaved,  caudal  margjn.

Ejaculatory apodeme  plate brown, gently convex  on  cepha-

lic margin,  with  1 pair of  small  pits mediaily; stalk dark

brown, longer than apical plate.
   Female  terminalia (Fig, 2K-L): Oviscapt grayish yellow,
with  2-3 lateral and  6-10 marginal  ovisensilla;  dorsotermi-

nal  one  trichoid, ca,  213 length of ventro-subtermina[  seta

which  being as  long as  maximum  width  of oviscapt;  antero-
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ventral bridge long, Spermatheca  brown, cone-shaped;

introvert ca. 315 height of outer  capsule.

    Measurements: Body length =  2.25 mm  (3 g' paratypes:
2,Oi-2,1O; 4 g  paratypes: 2,21-2.75), Thorax length includ-
ing scutellum  =  O,92 mm  ( cr' : O.92-1,Ol; L' i O.84-l,10),

Wing  length =1.98  mm  { ,1' : 2,22-2,32; L' : 1,92-2,38), and

its width  =  O.88 mm  ( g' : 1,Ol-1.10; ? : O,92-1,14 ).
   Holotype, S , China: Jiao-Ye Park (ca 1950  m  a.s.1,),

Kunming, Yunnan, 27.iv.2002, ex  banana  traps (Gao leg.);
deposited in KiZ,

   Paratypes, China: 1 ?,26,ii,2001;1 5i,1 s",3.iii.2001;1
.T. 

/,
 6.iiL20011 1 g/ , 13.iii2001i l\  

,
 8.iiL20011 1 V ,

 27.iv2002,
the same  collection site  as  holotype; 2 ;," 

,
 2 4 deposited in

KIZ, and  the remaining  in SEHU.

   Distn'bution. China: Yunnan.

   Relationships and  ctiagnosis, Drosophila chanensis

closely  resembles  O. subsilvestris, which  is distributed from
Europe to Central Asia, in having the sex-combs  with small

numbers  of teeth, the broadened  aedeagus  with much-scle-

rotized ]ateral plate$, the rudimentary  basal process of

aedeagus  and  the 2 long trichoid setae  at  the apex  of  ovis-

capt, but can  be clearly distinguished from it by the

aedeagal  lateral plates with serrations  in o7' and  by the

Group from China  777

absence  of pale spots  on  [ateral margins  of the 2nd abdom-

inal tergite in ? (in D. subsiivestn's, the aedeagal  lateral

plates are  smooth  and  the 9 2nd  tergite has pale spots  on

its lateral margins),

    Epmolomt.  Pertaining to "Dian",

 the name  of  an  ancient

nation having occupied  the area  surrounding  the type local-

ity.

Drosophila (Sophophora) limingi Gao  & Watabe  sp. nov,

   (Fig. 3A-L)

    ,1',  g . Head: First flagellomere of  pedicel grayish
brown. Frons O.45 in holotype (range in 7 paratypesi O.43-

O.54) as broad as  head. Arista with 3 (3-4) dorsal and  2 (2-
3) ventral  branches, Orb2 O,42 {O.38-O,48) length of Orb 1;
Orb3 O.68 (O,61-O.76) length of Orbl. Gena yellowish
brown, O.40 (O.30-O,47) as  broad as  maximum  diameter of

eye,  Or2 O.50 (O,32-O.54) length of Orl. Palpus with  1

prominent apical seta  and  several  ventral ones,

   Thorax: Scutum and  scutellum  black, without  longitudinal

stripes. DcA O.65 (O.65-O.71) length of DcP; length distance
of dorsocentra) setae  O.62 (O.36-O,62) of  cross  djstance, Ac

in 8 rQws,  Sterno-index O,51 (O.47-O.55).
   Wing hyaline, slightly clouded.  Veins brown, lndices:
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Fig, 3, Drosophila (Sophophora) limingi sp.  nov,

inal tergites in lateral view;  C, ma[e  terminalia in lateraL view;  D, inner aspect  of surstyius;  E
cent  structures  in ventral  view;  H, aedeagus,
apodeme  in ventra]  view;  K, oviscapt;  L, spermatheca.
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  6' holotype, \ paratypes, trom Yunnan,  China, A, sex-combs  on  foreleg; B, temale abdom-

                              . cercus;  F, decasternum; G, aedeagus  and  its adja-

paramere and gonopod in lateral view;  l, ejaculatory apodeme  in iateral view;  J, ejaculatory

     Scales =  O,1 mm,  except  for Fig. 3B  (1 .0 mm).  Signs as  in Fig. 1.
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C=2.70 (2,30-3.20)i 4V=2,49  {1,82-2,33)i 4C=1.26 (O,91-
1,30); 5x=1,76 {1,68-2,33); Ae=2,40 (2,20-2.70), C3F=O,33

(O.31-O.42). Halters pa[e yel[ow.
   Legs dark brown; tibiae and  tar$i paler. Foreleg 1st tar-

somere  ca. 1.8 times as  long as  2nd tarsomere. Sex-comb

teeth 1O (8-11) on  1st tarsomere and  1O (8-11) on  2nd tar-

somere  (Fig. 3A).

   Abdomen: Tergites brownish black, anteriorly  narrowly

pale yellow on  4-6Ts in 9 (Fjg. 3B), Sternites dark gray in

&  pale gray in ? .

   Male terminalia (Fig. 3C-J): Epandrium yellowish
brown, glabrous, with  4 (range in 4 g' paratypes: 3-7) setae

along  posterior margin  of upper  half and  27 (22-29) setae

on  ventral margin  of lower half. Surstylus brown, with  1O (9-
1O) peg-like prensisetae and  15 (15-21) trichojd setae, and

hook-shaped  projection strongly  curved  inward at dorso-

caudal  corner.  Cercus  oval,  ventrally darker, with 28 (24-30)
setae  nearly  evenly  d]stributed. Decasternum comprising

broadened median  lobe (dark area  somewhat  polygonal)
and  f]ap-bearing lateral arms,  Aedeagus yellowish brown,
narrow  (ca. If4 of hypandrial width), articulated with apo-

deme,  with  fine setulae  ; caudo-ventrally;  lateral plates scle-
rotized, apical]y expanded  triangularly in lateral view;

median  membrane  distally hjrsute; apodeme  brown, longer
than aedeagus.  Paramere as  long as aedeagus,  sword-

shaped  in lateral view,  apically pointed, with  6-7 min  sen-

silla arranged longitudinally from basal to submedia[  portion
on  lateral surface,  Gonopods separated  from each  other,

slightiy shorter  than aedeagus,  each  apically fused to

aedeagal  basal process. Hypandrium pale brown, caudo-

medially  slight]y notched,  with 1 pair of small  paramedian

setae  on  caudal  margin.  Ejaculatory apodeme  plate light

brown, quadrate, with 1 pair of small  pits medially; stalk dark
brown, longer than apical plate.
   Female terminalia {Fig. 3K-L): Oviscapt grayish yeHow,
with  3-4 lateral and  13-16  marginal  peg-like ovisensilla,  and

1 subterminal  trichoid seta;  antero-ventral  bridge long. Sper-
matheca  pale brown, cone-shaped;  introvert ca. 315 height
of outer  capsule,

   Measurements: Body length =  2.01 mm  (range in 4 ,IT'

paratypesi 1,92-2,15, range  in 3 ? paratypes: 2.21-2.38).

Thorax  length including scutellum  =  O,81 mm  ( ff' : O,79-O.89,
g

 : O.80-O.92). Wing  length =  1.88 mm  ( X' ] 1,72-1,99, 4
: 1.88-2,22), and  its width  =  O,84 mm  ( X : O.79-O.97, 4
O,88-1.02).

   Holotype, X' ,
 China: Jjao-Ye Park (ca. 1950  m  a.s.1.),

Kunming,  Yunnan  Province, 26.iii.2001, ex  banana  trap

(Gao and  Watabe  leg,); deposited in KIZ.

   Paratypes, China: 2 X , 1 Si , 8,iii.2001; 2 8 , 13.iii,2001;
1 ? 

,
 15."i.2001i 1 ? 

,
 23.iii,20011 3 if, 

,
 26.iii,2001] 1 ,T･ ,

27.iv,2002, same  collection  site as  holotype; 5 ,r , 2 \ depos-

ited in KIZ, and  the remaining  in SEHU,
   Distribution. China: Yunnan.

   Relationships and  diagnosis. Drosophila limingi is

somewhat  similar  to D. tsukubaensis in having re]atively

small  numbers  of teeth on  the sex-combs  and  the remark-

et  aL

able  hook-shaped  projection at the dorso-caudal corner  of

surstylus, and  to D, oloscura  Fallen, 1823 in the general
morphology  of decasternum, but D. Iirningi can  be distin-

guished from D. tsukubaensis by the broadened median

lobe of decasternum {in D. tsukubaensis it is narrow),  and

from D. obscura  by the large projection at the dorso-caudal

corner  of surstylus  (in D. obscura  it is rudimentary),  jn addi-
tion to the setae  being distributed evenly  on  the cercus.

   Etymology  Patronym, in honor of the late Professor Li-

ming  Shi (KIZ), who  initiated the joint research  project on

Evolutionary Genetics and  Phylogeny of  Chinese Drosophil-

idae between China and  Japan,

Drosophila  (Sophophora) tsukubaensis  Takamori  &

Okada

   Drosophila (Sophophora} tsukubaensis Takamori &

Okada, 1983: 265.

   Specimen examined1  if',13. iii. 2001;1  cL  8. iv. 2002;

1 g' , 29, iv. 2002; Jiao-Ye Park (ca. t950 m  a.s.1.}, Kunming,

Yunnan, ex  banana traps.

   Distribution. Japan; China: Yunnan.

   Remarks, ln Japan, Drosophila tsukubaensis was

known  from Tokyo and  its adjacent  prefectures, and  it

occurs  in early spring  in Yunnan  and  Japan (Takamori and

Okada, 1983; Okada, 1988}.

Drosophila (Sophophora) hubeiensis  Sperlich &  Watabe

   Drosophila (Sophophora) hubeiensis Sperlich &

Watabe, in Watabe  &  Sperlich, 1997/ 622.

   $pecimens examined  18 g',t3 e ;11. viii. 2000; from
timber  piles; 12 [;' , 14 \ ; 15. viii. 2000, ex  banana traps in

streamsides,  Gaoligongshan National Nature Reserve, Yun-

nan,  China, ca, 2300  m  a.s,1. (Watabe leg,),

   Distribution, China: Hubei, Sichuan, Yunnan (n, loc.),
   Geographic  variation. Some  morphological,  but slight,
differences are  found between  the Yunnan population (HY)
and  the type-locality population of Hubei (HH) in D. hubeien-
sis. In HY  the legs are generally pale brown with dark areas

on  the lower portion of  femur and  on  the upper  portion of

tibia and  the spermatheca  is dark brown, whereas  in HH  the

legs are uniformly  dark brown and  the spermatheca  pale
brown, lt is well known ]n many  drosophilid species  that the

body  color is more  or less changeable  owing  to rearing  tem-

peratures (Watabe, 1977), but the above  dMerence between
HY  and  HH  is relatively stable,

   Table 1 shows  intra-specifjc variations in 31 quantitative
characters  between  the two geographic populations of D.

hubeiensis, HY  and  HH, reared  under  the same  laboratory

conditions  described in "Materials
 and  Method$". As for the

characters  Nos. 1 to 4 and  8, the comparison  was  made  for

each  sex  separately, The intra-specific differences proved
statistically significant (p< O.05) in 19 (Nos. 1, 3, 4 ? , 8, 9,

10, 12, 17, 20, 22, 23  and  27-30) out of 36 comparisons,

although  the ranges  over[apped  between  the two geo-

graphic populations in all characters,  excepting  tor No.1 (BL
in fii } and  No. 3 (WL). Further, HY  is much  easier  to be
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Quantitative
characters

       Hyt

Mean ±S,D,Rangen Mean±S.HHt.D.RangenDifference

 between
HY  and  HH  {t-test}

 1. Body length (mm)

 2. Thorax length (mm}

 3. Wing [ength (mm)

 4. Wing width  <mm)

 5. Frons width 1 head width

   Arista

 6, No, of upper  branches

 7. No, of lower branches

 8. Tiny setulae on pa[pus

 9. Gena wFdth  1 eye  diameter

1O. Or2fOrl

11.0rb210rbl

12. 0rb3!Orbl

  Thorax

13. Lower1upper Hu iength

14. DcA1DcP  length

15. Length distance 1 cross

   distance of Dc

16. SctBfSctA length

17, Sterno-index

18.Distance from SctA to

SctBl distance between SctAs

  Wing indlces

19, C20.

 4V21,4C22.

 5X23.

 Ac24.

 C3F

   Sex-comb

25, No. of teeth on  1st tarsomere

  tarsomere

26. No. of teeth on  2nd

  tarsomere

27.No, of  setae  on  S' 5S

   Epandrium

28, No, of setae  on upper  ha[t

29, No. of  setae  on  lower half

  Oviscapt

30. No. of  lateral ovisensilla

31. No. of marginal  ovisensiUa

6'･?ctt"g(iYttr/f'

am4

 2.17±O.13

 2.35±O.12

 1,Ol±O,08

 122 ±O.lt

 2.22±O.07

 2.44±O.07

 O.99±O.04

 1.12±O.05

 O.47±O.02

   3±O.OO

   2±O.OO

tl.73±2.5B

13.60±1.54

O.26±O.03

 O,45±O,06

 O.43±O.06

O.74±O.08

O.97±O,09

O,69±O.04

O.45±O.04

O,96±O.05

O,55±O.08

 1.12±O.10

 2.75±O.16

 1.95±O.l3

 O.95±O,07

 1.83±O,21

 2.17±O.09

 o.4o±o,es

10,23±O.84

 9.50±O,81

16,45±1,99

 5,40±O.40

16,95± 1.40

 2.33±O.47

 13.8±1.05

1.88-2.48

2.08-2.56

O.82-1,11

1.13-1.54

2.11-2.32

2,32-2.57

O,94-1,06

1.08-1.19

O,44-O.52

   3-  3

   2.  2

   9-17

   10-16

e.22-O.31

O,36-O.58

O.32-O.53

O.56-O,87

O.83-1.18

O.60-O.76

O,3B-O.53

O.84-1.07

O.41-e.68

O.89-1.22

2.45-3.00

t,85-226

O.74-1.071.44-2.15

2,OO-2.32

O.33-O.48

   9-12

   8-11

  14-2t

   5- 6

   15-19

   2-  3

  12-16

202010101010101020

4040303020202020

202020

201920

2e2020202020

30

30

20

2020

3030

 2.47±O.16

 3.08±024

 1,04±O,07

 1.24±O.07

 2.72±O.11

 3,20±O.10

 1,04±O,07

 1.24±O.05

 O.42±O.03

 3,OO±O.31

 1,83±O,38

13.60±O.34

15,87±1.74

O.19±O,03

 O,39±O.09

 O.46±O,08

O.81±O,13

 O.99±O.11

O.71±}O.08
O,44±O.06

O.94±O.08

O.68±O.09

 1.12±O.14

 2.79±O,23

 1.82±O,18

 O.94±O.10

 1.56±O.19

 2.33±O,25

 O.40±O.05

10,53±1.07

 9,37±1,07

14,45±1.46

 6,10±O.91

14,85±1.35

 2,73±O,58

13.47±1.0i

2,28-2.76

2.84-3,44

O.92-1,16

1.12-1,32

2.56-2,88

3.08-3.40

O.92-1,161.12-1.28

O.37-e.49

   2-  4

   1-2

   9-18

   12-19

O.14-O.26

O,25-O,67

O.33-O.64

O.55-1,13

O,76-1.17

O,55-O.88

O.33-O,54

O,83-1,13

O,54-O.80

O.86-1.37

2,21-321

1.39-2.25

O,80-1.t9

1,14-1.83

2.00-2.80

O,32-O,50

   8-14

   7-11

  11-16

   4-  7

   12-17

   2- 4

   12-15

202010101010101020

4242303020202020

202020

202020

202020202020

30

30

20

2020

3030

p<O,Olp<O.Oln$nsp<O.Olp<O.Olnsp<O.Olp<o,ot

nsnsp<O.Olp<O.Olp<O.Olp<O,05nsp<O.05

nsnsn$

nsp<O.Olns

nsp<O.05nsp<O,Olp<O.05ns

ns

ns

p<O.Ol

p<O,Olp<O.Ol

p<O.Olns

'HY,Yunnan
 strain; HH,  Hubeistrain."Watabe  and  Sperlich (t997)
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reared  in the laboratory than HH,

   Drosophila hubeiensis is distributed from middle  to

southern  China, but is strongly  restricted  to high mountains

at 2000-3000  m  a,s.1, lt is reasonable  to assume  that the

gene exchange  between local populations is severely  lim-
ited by surrounding  lowlands with  hot and  dry climate. We
have detected some  differences in cross-ability between

geographic strains of D. hubeiensis and  its closely  related

species  and  will publish the results  elsewhere.

Faunal comparison

   lncluding the 3 new  species  described in the present
study, a total of 10 obscuta group species  have been
recorded  from China, and  Yunnan  is the southern-most

location within the distrjbution range  of the obscuta  group in
the Eurasian Continent. The  Chinese members  ot the

obscura  group are Iargely divided into two groups from a

chorological  point of view.  Most species  found in northern
China show  Palearctic distribution patterns, Both D. aipina

Burla, 1948 and D, biiasciata are widely distributed from

Europe  to Japan  throughout northern  China. Drosophiia

subsilvestris and  D, subobscura  Collin, 1936 are  western

Palearctic species,  and  the eastern  border of their disiribu-
tion lies in the 11i and  the  Altay Mountains in Xinjiang

(Watabe et al,, 1993). On  the other  hand, the species  dis-

covered  from southern  China, D, hubeiensis, D. Iuguensis,
D. timingi and  D. dianensis, are  endemic  to the Oriental
Region,

   The obscura  group species  composition  of  Yunnan  (5
spp,) was  compared  with  those of mainland  Europe (9 spp.),
Central Asia {5 spp.)  covering  Uzbekistan, Kazakhstan and
northwestern  Chjna, Northeast Asia (4 spp,) covering  north-

eastern  China, Korea and  Far East of Russia, and  the Japan
lslands (5 spp.; Drosophita enimtae  Takada, Beppu  & Toda,
1979  was  excluded  from the present ana[ysis, because  of its

questjonable status), based on  the following data $ources

(Btichli and  Rocha-Pjte, 1981; Wheeler, 1981; Lakovaara
and  Saura, 1982; Watabe et al., 1993; Watabe and

et aL

Sidorenko, 1997, etc.). Faunal similarity between two dis-

tricts was  evaluated  by Jaccard's coefficient of similarity

 (Udvardy, 1969):

    S=c!la+b-oj,

    where  c is the number  of specles  common  to both dis-
tricts and  a  or b is the number  of $pecies  occurring  in either

district, The  similarity matrix  resulting from the ten pair-wise
calculations  was  then subject  to a  c[uster  ana[ysis. Fig. 4

clearly shows  that Yunnan  is quite isolated from other  dis-

tricts of the Palearctic Region  in the species  composition  of

the obscura  group.
    Huge  arid zones  of the Gobi and  the Taklamakan  in

 Central Asia may  disturb the range  expansion  of obscura

 group species  between Asia and  Europe, ln China, the Cen-

tral Plain spread$  along  middle  and  lower reaches  of the

 River Yangtze, and  it may  also disturb the faunal exchange

 in montane  dro$ophilids between southern  and  northern

 China, Since the obscuta  group is undoubtedly  a temperate

 forest element  of drosophi]id fauna in the Northern Hemi-

 sphere,  it is likely that those geographic barriers have

 restricted their range  expansion  and  have  reinforced  genetic
 differentiation leading to speciation. The present faunal

 study  clearly demonstrates that southern  China is an  impor-
tant place where  an  adaptive  radiation of the obscura group

 mjght  have occurred.

 Check-list of obscura  group species  in China

 The obscura  species-subgroup

  1) Drosophila (Sophophoia) aipina  Burla, 1948

    China (Xinjiang); Europe, Russia, Mongolia, Korea,

    Japan

 2) D, (S,) biiesciata Pomini, 1940

    China (Heilongjiang, Jilin, Xinjiang, Jiangsu', Sichuan',

    Zhejiang', Yunnan', Taiwan'); Europe, Russia, Turk-

    menia,  Kazakhstan, Uzbekistan, Korea, Japan, ]ndia'

    (Some previous records  with  asterisks  should  be re-

    examjned  in the Iight of the present knowledge.)

mean=e.26

/ il I

Yunnan

Japan

ne.  Asia

c. Asia

Europe

   O.O O.1 O.2 O.3 O.4 O.5 O.6 O.7 O.8

                  Jaccard's coesucient  of  similarity

Fig, 4. Comparison ot the obscura-group  species  composjtion  based on Jaccord's coefiicient  of  similarity among  five districts in Eurasia. c,

central;  ne,  northeastern.
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 3) D. (S.) dianensis sp,  nov,

   China (Yunnan)
 4) D. (S,) subsitvestris  Hardy & Kaneshiro, 1968

   China (Xinjiang); Europe, Russia
The sinobscura  species-subgroup

 5) D. {S,) hubeiensis Sperlich & Watabe, 1997

   China (Hubei, Sichuan, Yunnan)

 6) D. (S.) luguensis $p. nov.

   China (Yunnan)
 7) D. (S.) sinobscura  Watabe, 1996

   China (Taiwan)
The subobscura  species-subgroup

 8) D. <S,) subobscura  Collin, 1936

   China (Xiniiang); Azores  ls,, Madeira ls., Canary ls,,

   northern  Africa, Europe, Russia, Near  East, Turkmenia,

   Kazakhstan, Uzbekistan, Chile
Ungrouped

 9) D, (S.) limingi sp, nov.

   China (Yunnan)
1O) D, (S.) tsukubaensis Takamori  &  Okada,  1983

   China <Yunnan); Japan

Key to the species
O. Blackish species  with  sex-combs  on  8 lst and  2nd tar-

  someres:  palpu$ with  1 prominent seta  at  tip; testis not

  or only  slightly coiled;  ventral  receptacle  usuaEly  short;

  female oviscapt  usually  white  (Drosophila (Sophophora)
  obscuraspecies-group),,,............,,,,,,,,,...........,.,,,,,.,......1

1. First tarsomere of X. ' foreleg nearly as long as 2nd tarsomere
  "'HH",,,,,,,,,,""nyH.H",,,,HHH"-"LH,,,,,H"HH,"H,H,,,,,HHHHH",2

  
-First

 tarsomere of 6A foreleg longer than 1,5 times of
  2ndtarsomere,""",,,,,,,,,HHH".H.",,,,,,HHH,HHH,,,,,,HHHH.6

2. Abdominal, anterior tergites pale; sex-combs  occupying

  entire lengths of 1st and  2nd  tarsomeres; surstylus  with-

  out teeth-like prensisetae......,,..,,..............,,,, aipina Burla

  
-Anterior,

 abdominal  tergites dark; sex-combs  not occu-

  pying entire lengths of 1st and  2nd tarsomeres; surstylus

  with  teeth-like prensisetae ...,,,,,,,..............,,,,,,,.............,3

3, C3F>O.5,,,,,,,,,.......,,.......,,,,.........,,...,,,..subobsucta Collin

  mC3kO.5,,,,,,,,,"",,,,,,,,,,,HHHm",,,,,,,,,H"HHH",,,,,,,HHH4

4, Aedeagal, median  membrane  covered  with numerous

  serrations; aedeagal  apodeme  longer than 2 times ot

  aedeagus,.,.,................,,,................,.,,..luguensissp,nov

  
-Aedeagal,

 median  membrane  without serrations;  aede-

  agal apodeme  shorter than 2 times of aedeagus...,.,,,,. 5
5. Legs dark brown,,.,...........hubeiensis Sperlich &  Watabe

  -Legs  brown .................................." sinobscura  Watabe
6, Sex-combs strongly  oblique  against  main  axis of tarsom-

  eres, with side  teeth diverged outwards  and  less than 5

  teeth in distal sex-comb;  female with  distinct pale spots

  on  abdominal  tergites and  2 long, trichoid setae  at apex

  of oviscaptH"""."-.."""h.".......-""Hm"".,,,H"HHHHh7

  
-Sex-combs

 slightly oblique  against  main  axis of tar-

  someres,  with side  teeth not or only  slightly diverged out-

  wards  and  more  than 6 teeth in di$tal sex-comb;  female

  without  pale spots  on  abdomina[  tergites and  with  oniy  1

  long, trichoid setae  at apex  of oviscapt....,,,.............,,,,,8

7. Female with distinct pale spots  on  5-6Ts and  small,  faint

  pale spots  on  4T; aedeagus  laterally with serrations....,,

  .....,"........,,,,....,,......,,....,..................,,,,dianensissp.nov,

  
-Female  with  pale spots  on  2T  and  4-7Ts; aedeagus

  laterallywithoutserrations....,,.............,,,,,,.......,,..,.,,,,...,,,

  .......,................,..............subsiivestris Hardy & Kaneshiro
8, Cercus  with  $etae  nearly  evenly  distributed over; median

  Iobe of  decasternum broad.................,.... timingi sp.  nov.

  -Lower  portion of cercus  with more  or less dense setae;

  median  lobe of  decasternum  narrow..,,...,,,..............,,,,.9

9. Scutum with  2 obscure,  longitudina) stripes (difficult to

  observe  in dark specimens>;  apjcal tarsomeres darker

  than proximal ones;  median  lobe of decasternum long; anter-

  oventral bridge of oviscapt  long.,,,,,.,.....loiiesciata Pomini

  -Scutum  without  longitudinal stripes; tarsomeres

  unico[or; median  lobe of decasternum small, triangular;

  anteroventral  bridge of  oviscapt  short,,,,,,,.,.....................

  ......"..............................tsukubaensis Takamori &  Okada
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