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Ecological Studies of  Floricolous Drosophilella in Burma

    Descriptions of  Three New  Species from Burma  and

          the Philippines (Diptera, Drosophilidae)

             Masanori J. ToDA

Institute of  Lew  Temperature  Science, Hokkaido  Uniyersity,

              Sappore, 060 Japan

                   and

              Toyohi  OKADA

   Gotol<uji 2-30-1S, Setagaya-ku, Tokyo,  154 Japan

with

 Sytiepsis Two  new  species  of  the  genzts Drosophiletla DuDA  (D, iitonocottica  and

D. dibonica) bi'eecting in the  inflorescence of  Cotocasia escttk3nta  (ScFIoTT) jn Burma

are  studiecl  ancl the]r species-spec{fic  reproductive  tactics are  cliscussccl in relation  to

the life histories. D, monoconica  is cQnsidered  more  subject  to abiotic  density-inde-
pendent mortality  factors than  D, diconica is, and  consequently  the fovmer could  be
callecl 

't'-strategist'

 and  the  latter `KLstrategist'.

 Another  species  of  this genus, also

associated  with  Colecasia fiowers, is described from the Philippines (D, toshiokai).
Tax{metrical analyses  over  7 species  of  DFosophiielta including the three new  species

resuited  in finding that the  Burmese  coupEe  arc  nearest  to the New  Guinean couple

(D, statnenicota  and  D. pistilicola) and  D. toshiokai  is remotest  from any  other  species

in consideration.

    Six species have hitherto been recegnized  in the genus Drosoph,igelke, one  fi'em
Java (DuDA, l924a, b; WHEELER, 1969), two  from the Taiwan-Ryukyu  distriet

(OKADA, 1975, 1980), and  three  fi;om New  Guinea  (DuDA, 1923; CARsoN  &  OKADA,
l980). Most  of  them  are  known  to be intimately associated  with  the flowers of
Colocasia or  Albcasia (Araceae). The  present article adds  three new  species  to this

genus, two  from Burma  ancl  one  from the Philippines, collected  frem the flowers of
Colocasia esculenta  by tlie senior  author  and  Dr, S, TosHioKA, respectively. De-
tailed ecological  observations  ancl discussions are given by the senior  author,  and

brief taximetric analyses  are  made  by thejunier  author.

                         Material and  Me{hods

    Some  infiorescences ef  Colocasia escttlenta  were  found by the  senior  author  at

the shore  of  Inya Lake in Rangoon,  As  it coulcl not  be determined from external
appearance  whether  fiies were  present within  or  not,  eack  inflorescence was  im-
prisoned within  a clear  plastic bag, Following  this, all flies that emerged  from the
infiorescence were  caught  with  an  aspirater. Later, su ¢ h fly-bear{ng inflorescences
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were  dissected and  examined  fbr preimaginal stages  of  drosophilids undey  a bino-

cular  mierescepe.  All eggs  and.Iarvae  found were  collected  and  preserved in 70%

alcohol  separately  for different parts of  the spadix;  namely,  the  pisti}late, transitienal

and  staminate  regions  (c£  CARsoN  &  OKADA,  1980), In order  to study  later devel-

opment,  pupation  and ernergence,  some  young  fruits found together with  inflores-

cences  were  collected  and  each  was  kept on  tissue paper within  a plastie bag, and

emerging  dies were  aspirated.

    A  part of  the adult  specimens  obtained  were  preservecl dried and  others  in al-

cohol.  Descriptions of  the two  new  species  from Burma  are  based on  the  dried

specimens  fbr external  structures,  and  on  the alcohol-preserved  materiai  for internal

structures  of  the digestive system  and  reproductive  organs,  Further, some  females

were  examined  for the following items: 1) thorax length (lncludin.a scutellum),

2) ovarian  conditions,  3) number  of  ovarioles,  4) number  of  mature  eggs  helcl, and

5) the size  (length and  width)  of  rnature  egg,

    All larvae and  a  part of  eggs  were  mounted  in glycerin after  heatlng in le%

KOH  solution.

    The other  new  species  of  this genus is based exclusively  Qn  dried material  col-

lected by Dr. S. TosHioKA firom the  fiowers of  Colocasia esct{tenta  in Luzon, the

Philippines.

                      Descrgptions of  New  Species

              Drosophilella monoeoniea  ToDA  et OKADA,  sp.  n,

                          Figs. IAr-H, 2A-F.

   e, 9. Body about  1.8mm  in length. Eye  brownish red,  with  short  pile.
Antenna with  2ndjoint dark orange,  black above,  3rd grayish yellow. Arista short,

merely  pubescent. Palpus yellowish gray, with  a  terminal seta. Ocellar triangle

mat  black; ocellars  outside  the triangle made  by ocelli, Periorbit pruinose biack.

Frons dark brown, anteriorly  paler, anteriorly  as  broad as median  length, half as

broad as  head width.  Face  yellowish gray. Carina broad. Ciypeus yellowish

orange.  Cheek gray, 21S as broad as  the  greatest diameter of  eye.  Anterior re-

clinate orbital  lf4 preclinate, nearer  to proclinate than  to posterior reclinate, which

is as  Iong as proclinate. Second oral thin, 114 vibrissa. Thorax  entirely  mat  black.

Humerals  2. Acrostichal hairs in 2 or  4 rows.  Anterior dorsocentrals 4!7 pos-

teriors, length distance ofdorsecentrals  slightly shorter  than cross  distance. Lateral

s¢ utellars  convergent,  1!2 apicals,  which  are slightly nearer  to  each  other  than to

laterals, Sterno-index O.5, Legs ycllowish gray, ultimate  tarsal joints brownish

black; 2nd  tarsaljoint of  fbre leg (Fig, 1-B) elongate  apicaily  below and  with  3 stout

black teeth. Fore metatarsus  as  IQng as  2 succeeding  tarsal joints, mid  and  hind

metatarsi  as long as  3 succeedings.  Wing  (Fig. 1-A) hyaline, veins yeElow, costa

without  heavy fringe, R,+3 gently curyed  to costa;  R4.s and  M  parallel. C-index
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1, A-H,  Drosophiteiia monoconica;  I-P, D, diconica. A, I, Wing;B,  P, fore tarsus;

C, J, periphallic organs;  D, K,  phallic organs;  E, L, conical  process of  g 6th abdominal
sternite; F, M,  ejaculatery apodeme;  G,  N, ? epiprect  and  hypoproct; H,  N, ovipositor.

c, Surstylus; e, aedeagus;  g, epandrium;  j, evaginated  ejaculatory cluct; o,  apodeme  of

aedeagus;  t, cercus;  v, ventral  fragma, Scales O.1 mm.

1,9; 4V-index  2,7; 4C-index  IA; 5x-index l,5; Ac-index 3.0. Cl-bristle 1; C3-
fringe undeveloped.  Halteres yellow, Abdominal  tergites grayish yellow. Male
6th sternite  with  a  single  conical  process (Fig. 1-E), thus the specifie  name.  Peri-

phallic organs  (Fig, 1-C) black, without  surstylus. Phallic organs  (Fig, 1-D) black,
aedeagus  with  a  Iarge subbasal  conical  process. E.iaculatory apodeme  (Fig. 1-F)

broader than long. Female epiproct  and  hypoproct (Fig, 1-G) triangular. Ovi-

positor (Fig. I-H) narrew.

   Malpighian  tubules  with  cominon  stalks  relatively long, posterior braflches
incompletely fused at apices  (Fig. 2-A.), Testis (te) pale erange,  apically  pointed;

paragonia (pr) siender  and  once  folded, slightly  longer than  testis (Fig. 2-B.). Sper-
matheca  (th) hyaline, elliptical;  ventral  receptacle  absent  (Fig. 2-C.).

   Larva  and  puparium (Fig. 2-D.)  with  fine body  spicules,  Caudat  abdominal

segments  elongate,  without  spicules,  ending  in paired short  posterior spiracles  (ps).
Anterior spiracle (as) of  pupariurn with  about  12 ]ong branches in a  whori;  stalk

about  as  long as  branches. Mouth  hook  (mh) of  the lst instar larva (Fig. 2-Fl.)
ventrally  not  dentate, relatively  large, about  415 as  long as  dorsal wing  (dw) of

pharyngeal sclerite, In the 2nd (Fig. 2-F2.) and  3rd (Fig. 2-F3.) instar Iaryae:
mouth  hook ventrally  dentate; latticed process (lp) of  pharyngeal sclerite  relatively

broad and  fused to dorsal wing;  vertical  bridge (vb) about  1!5 as  long as  dQrsal wing.

   Holotype e (250e2), 23,  9 9 paratypes, Inya Lake, Rangoon, Burma,  20.
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XII. 1981, ex  fiowers of  Colbcasia eseulenta,  ToDA  leg. Holotype and  l female

paratype in National Science Museum,  Tokyo.

   Tliis species resembles  D. 6tamenicoga  CARsoN  et OicADA in having costal  fringe
undeveloped,  and  in the shape  of  & and  9 genitalia, b'ttt 2t differs from the  latter in
having grayish yellow abdominal  tergites and  ln lacking surstylus.

               Drosophilelltz ditonica ToDA  et  OKADA,  sp. n.

                           Figs. II-P, 2A-Fd

    cT, 9, Body  about  l.5mm  in Iength, Eye brownish black, with  fine sparse

pile. Antenna orange  brown, 2ndjoint black above,  arista short  and  me]rely  pubes-
cent.  Palpus gray, with  a  black seta  apical!y, Ocellar ti'iangle rnat black, ocellars
otttside  the triangle  made  by ocelli. Periorbit rnat  black. Frons  matblack,  with  a,

pair ef broad, anteriorly  convergent,  velvety  black stripes,  anterio'rly  as broad as

median  length, half as  broad as  head width.  Face grayisli white.  Caxina broad,
fiat above.  CIypeus gray, Cheek  gray, l!3 as  broad as  the greatest diaineteTr of

eye,  Anterior reclinate  orbital  113 proclinate, nearer  to procl{nate than  
'to

 posterior
reclinate,  which  is as  long as proclinate. Second oral thi", 1!3 vibrissa,  Thorax
entirely mat  pruinQse black. Humerals 2, long. Acrostichal hairs in 2 rows.

Anterior dorsocentrals 4!7 posteriors, length distance ofdorsoceiatrals  slightly sltorter

than cross  distance. Lateral scutellars  parallel, 3!4 apicals,  which  are  nearer  to each

other  than  to  laterals, Sterno-indexO.5, Legsbrown, femora and  tibiae except  for
knee joints dark brown, ultimate  tarsal joints black. Second tarsal jQint of  fore
leg elongate  distally below and  with  3-4 stout black teeth (Fig, I-P). Fore met-

atarsus  as  leng as  2nd tarsal joint, mid  as  long as  2 succeeding  tarsal jeipts, hind  as

long as  the rest  of  tarsal joints. Wing  (Fig. 1-I) hyaline, veins  yellow, R2+a nearly
straight, R4+s and  M  parallel, costa  without  heavy bristles. C-index 1.6; 4V-index
2.2; 4C-index i.4; 5x-index 1.8; Ac-jndex 2.4. Cl-bristle 1, C3-fringe undeveloped.
Halteres yellow. Abdominal  tergites pruinose black. Male 6th sternite  (Fig. I-L)

with  2 parallel fingerlike processes, thus the specific name,  Periphallic organs

(Fig, 1-J) black, surstylus  present. Ejaculatory apodeme  (Fig. 1-M) Ionger than
broad. Ovipositor (Fig, 1-N)broad, palebrown.  Femaleepiproct and  hypoproct

(Fig. 1-O) triangular.

    Malpighian tubules Nvith  common  stalks  short,  pesterior branches conipletely

fused at apices  (Fig, 2-Ad). Testis brownish orange,  a.pically  pointed; paragonia
slender  and  fblded twice  or  thriee, much  longer than  testis (Fig. 2-Bd), Spermatheca

hyaline, obleng;  ventral  receptacle  (re) ¢ onical  (Fig. 2-Cd).

    Larva and  puparium  (Fig, 2-Dd> with  stout  body spicules.  Caudal abdominal

segments  much  elongate,  with  fine spicules; pesterior spiracles long and  divergent,
Anterior spiracle  of  puparium (Fig. 2-Ed) with  about  5 short  branches, and  sessile.

Mouth  hook of  the lst instar larva (Fig. 2-Fld) ven'traily not  cientate, smaEl, and

3AO  as  long as  dorsal wing  of  pharyngeal sclerite.  In the 2nd (Fig, 2-F2tl) and  the
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  Fig. 2. Adult internal structures  and  preimaginal stages, m,  Drosophiletta inonocoiiica;  d,

     D. dlconica. A, Digestive system;  B, male  internal reproductive  organs;  C, female

     Snternal reproductive  organs;  D, puparium  (ventral aspect);  E, anterior  spiracle  of

     puparium;  F, cephalopharyngeal  skeleten  of  lst (1), 2nd  (2) ancl  3rd (1) instar larva.
     te, Testis; pr, paragonia; th, spermatheca;  re, ventral  receptacl ¢ ; as,  anterior  spii'acle;

     ps, posterior spiraele; mh,  mouth  hook; es, epipharyngeal  scTerite; hs, hypopharyngeal

     sclerite;  hp, hypostomal sclerite;  lp, Iatticed precess of  pharyngeal  sclerite  (phs); vb,

     vertical bridge of phs; dw, dorsal wing  of  phs; yw,  ventral  wing  of  plis. Scale 1. mm

     in D, O,1 mm  in F.

3rd (Fig. 2-F3d) instar larvae: inotith hook E,entrally  dentate; iatt'iced pirocess of

pharyngeal sclerite  narrow,  separatecl  from dorsal wing  incompletely in 2nd instar
and  completely  in 3rd; vertical  bridge about  l!10 as  long as  wing.

   Holotype g (25001), 9 (il, 5 9 paratypes, Inya Lake, Rangoon,  Burma,  ?.O,
XII. I981, ex  flowers of  Coloeasia eseulenta  together  with  the foregoing species,

ToDA  leg, Types in National Science MLiseum,  Tokyo.

   This species  resembles  D. pistilicola CARsoN  et  0KADA  in h;iving undeveloped
costal  fringe and  in the  shape  of  male  and  female ,genitalia, but it differs from I/,he

latter in having parallel fingerlike processes on  male  6th abdomina]  sternite  and

in the tarsal joints of  fore leg not  compressed.

                 DrosophileZl?; toshiokai  OKADA,  sp. n.

                            Fig, 3A-}･{

   g, 9. Body 1,5-1,7mm  in Iength. Head  (Fig. 3-A) as  broad as  thorax,
Eye dark purplish red,  sparsely  piled. Antenna with  2nd ,ioint orange  browti,
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3. Drosophitella tosltiokai, A, Head; B, wing;  C, tibia and  tarsus

periphaMc  organs;  E, plialiic organs;  F, ejaculatory apodeme;  G,  ?

poproct; H,  ovipositor,  Signs as  in Fig. 1, Scales O.1 mm.

H

 of  fore Ieg; D,

epiproct  and  hy-

3rd grayish yellow. Arista longer than  antenna,  with  2 upper  and  2 lower gong

branchesandasmallferk. Palpusorangeyellow,apicallywithalongseta. Ocellar

triangle and  periorbit mat  black, oceliars  outside  the triangle rnade  by ocelii. Frons

mat  orange  gray, with  white  pubescence, anteriorEy  orange,  broader than  median

length, half as  broad as  heacl width.  Face mat  yellowish white,  carina  broad and

Song, Ciypeus yellowish white.  Cheek yellowish gray, 113 as broad as  the greatest
diameter of  eye.  Anterior reclinate  orbital  114 proclinate, just between proclinate
and  posterior reclinate,  which  is as Iong as proelinate. Vibrissa very  long and

strong,  2nd  oral  fine. Mesoscutum  and  scutellum  mat  dark brewn, thoracic pleura

yellowish browll, Humerals  3, uppermost  one  small.  Prescutellars weakry  de-
veloped.  Acrostichal liairs in 4 rows,  Anterior dorsocentrals 2!3 posteriors,
length distance ofdorsocentrals  slightly  mQre  than cross  distan¢ e, Lateral scutellars

somewhat  divergent, 3/S apicais,  which  are  parallel and  equally  apart  from each

other  and  from lateyals. Sterno-index O.7, Legs yellowish gray, second  tarsal

joint of  fore leg apically  with  2 long stout  unequal  black bristles. Fore metatarsus  as

Iong as 2nd  tarsal joint, mid  and  hind as long as  2 and  3 succeeding  tarsal joints,
respectively.  Wing  (Fig. 3-C) hyaline, broad, R2.3 nearly  stragght,  R4.s and  M

parallel. . Costa without  heavy  bristles. C-index 2,1; 4Y-index i.6; 4C-index 1.1;

5x-index 2.6; Ac-index 3.7. Cl-bristle l, long; C3-fringe undeveloped.  Halteres

grayish black, stalks  orange,  Abdominal tergites mat  black; sternites  black, male
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6tli sternite  without  conical  processes. Periphallic organs  (Fig. 3-D) and  phallic
organs  (Fig. 3-E) black; surstylus  elongate  and  curyed;  male  cereus  caudoventrally

narrowlyprolonged;aedeagusslender,gentlycurveddorsally,  ijaculatoryapodeme
(Fig, 3-F) slender,  black. Ovipositor (Fig, 3-H) pale brown, apically  pointed and
segmented,

    Holotype  if (24812), 10 8, i5 9 paratypes, Sison, 40 lcm S of  Surigao, Min-
danao, Philippines, 17. VII, l981, ex  flowers of  Colocasia esculenta,  TosHIoKA leg,,
thus the specific  name,  Holotype  in Natienal Science Museum,  Tokyo.

   This species differs from ordinary  members  of  Drosophitella in haying plumose
arista,  ex ¢ eedingly  leng apical  bristles on  2nd tarsal joint of  fbre leg, no  conical

processes on  male  6th abdominal  sternite,  slender  ejaculatory apodeme,  and  seg-

mented  Qvipositor.  However,  it agrees  with  other  species  ofthe  genus in the general
structures  of  male  genitalia and  the elongate  evagination  of  ejaculatory duct (j in
Figs, 1 &  3).

                         
'Taximetrical

 Analyses

   The  relationships  of  the 2 new  species  from Burma  and  4 known  species  (D.
stamenicola  CARsoN  et  OKADA  and  D. pistilicoia CARsoN  et OKADA  from New  Guinea,
D. alocas'iae  OKADA  and  D. xenalocasiae  OKADA  firom Taiwan  and  the Ryukyus)  ef

the  genus Drosqphiletla were  analysed  taximetrically by means  of  S.k proximity anal-

ysis and  UPGMA  cluster  analysis  over  29 diagnostic characters  (A-T), which  were

as  used  in a  previous paper (OKADA, l980). The  result is shown  in Fig. 4. The
Cophenetic Correlation Coethcient (r,.) between original  t× t rnatrix  and  that derived
from the dendrogram is +O.98. Three stamenicolous  species (monoconica, stame-

nicola,  agocasiae)  and  three pistilicolous ones  (diconica, pistilicola, xenalocasiae)

are  grouped in different major  clusters,  ln eacli  of  the nnajor  clusters,  Burmese
and  New  Guinean  species  are  rnore  intimately associated  with  each  other  than  they

are  with  the species  from Taiwan and  the Ryulcyus,

    lf D. toshiokai  from the Philippines is combinecl  with  above  6 species,  another

dendrogram (Fig, 5) is obtained.  In this case  the analysis  was  made  over  17 charac-
ters, 11 (A-K) of  which  are as used  before and6are  newly  added.  Each character

is divided into two  character  states:  presumed plesiornorph (large letter, coded  O)

and  presumed apomorph  (small letter, coded  i),
"A'""C'"

C;Dri7

"E'"ct･!l11CCKrTl

Arista p;umose (A'=O), or  pubescent (a'=1),
Stout teeth of  2nd  tarsal joint of  fore ieg shovt  (C'==O), or  very  long

(cr=1).
Conical process of  male  6th abdominal  sternite  absent  (D'=O), or

present (d'== 1),
Male  cercus  ventrally  not  prolonged (E'=O), or  prolonged (e'=i).
Eljaculatory apodeme  slender  CI'=::O), or  broad (i'=:= 1).

Ovipositor not  segmented  (K'==O), or  segmented  (k'= t).
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       4, A  dendrogram to show  relationships  of6  Drosophi.lelta species established  by
ineans  of  S.k pyoKimity analysis  and  UPGMA  c3uster  analysis  ; 5, a  dendrogram  to show

relationships  of  7 Drosophilella species  including D. toshiokai established  by  means  of

S.k proxjmity anaiysis  and  UPGMA  cluster analysis, Large  letters indfcate presumed

ptesiomorphs and  small  letters presumed apomorphs.

The  dendregram gives a lower value  for r., (--L-e,91), and  shows  that toshiokai  is

independently clustered  from other  species  and  that xenaXocasiae  is displaced from

the  pistilicolous group. D. toshiokai seems  to have been separatedly  derived from

the ancestral  stock  of  Drosophigelga, retaining  plumose  arista,  elongate  ejaculatory
apodeme,  normal  male  6th abdominal  sternite, and  probably eremoparasitism,

not  aquiring  synhospitalism,

                   Ecological Netes on  Breeding Habits

   The breeding habits of  Drosophilella species  were  studied  in two  reinote  regions,

for D. xenalocasiae  and  D. alocasiae  in the Ryukyus (YAFuso, I979, read  at  the

Joint Ann. Meet. Ent, Soc. Jap, and  Jap. Soc. appl,  Ent. Zool., Fukuoka) and  for

D. pistiiicola and  D, stainenicola  in New  Guinea (CARsoN &  OKADA, l980). The

members  of  each  couple  share  the same  infforescence of  an  araceeus  plant, Alocasia

odoi'a  in Taiwan  and  the Ryukyus  and  Colocasia escttlenta  {n New  Guinea, as

breeding site, but are  micreallotopic  on  tlte saine  spadix:  D, xettalocasiae  and

D. pistilieola prefer pistillate region  of  spadix,  while  D. alocasiae  and  D. stamenicolke

staminate  region.  The breeding habits of  the present new  couple,  D, diconica and

D. monoconica,  were  examined  and  will be discussed in comparison  with  those  of
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Popttlation constittttion  within  iiv7bt'escenee

   DrosophiieUa populations including not  only  adults  but also  preimaginal stages

were  sampled  from n'ine  inflorescences (Table l). But, two  infiorescences, Nos,  1

and  2, were  not  examined  for preimaginal stages, In the New  Guinean  species  the

age  structure  of  Drosophitella populations harbored within  an  infiorescence proceeds
successively  with  increasing age  of  inflorescence, Such  a  progressive development

ofpopulation  age  struck!re  was  also  detected in the present case,  though  the age

classes  ofinflorescences  were  not  recorded.  The  sampled  infiorescences are  tentatiye-

ly classified  into three  stages  according  to the age  structure  of  Drosop,hilella popu-
}ations within  them:  

`adult-egg'
 (Nos, 3-4). 

[egg-lst

 instar larva' <Nos, 5-7) and

`larva'

 (Nos. 8-9) stages  corresponding  to Stage 1, early Stage 2 and  late Stage 2

by CARsoN  and  OKADA  (1980), respectively. The  sLLccessive stages  overlap  o"e

anothey  to  some  extent.  However, rather  synchrenous  development of  pepulation
members  suggests  more  or  less synchronous  oviposition,  In thls connection,  in

the New  Guinean  species,  the  adults  stay  only  fbr a single day within  an  inflorescence.

If the total number  of  adult  individuals collected  i-effects the natural  population
density in the surveyed  area,  the density ofD.  diconica is estimated  to be about  twice

as high as that ofD.  monocDnica,

biterspeeij7e cl(i7larentiation  in oviposition,  larvalfoeding andpupation  sites

   In order  to examine  whether  any  microtopic  differentiation is present between

D. monoconica  and  D. dieonica, numbers  of  eggs  and  larvae were  counted  separately

for different parts of  spadix:  pisti!late, transitional and  staminate  regions.  The data

summed  up  for all exainined  infiorescences are  shown  in Table 2.

    Because no  clear difiierence such  as  recognized  between the members  ofthe  New

Guinean couple,  except  fbr size  difference (cf. Iater), was  found  in egg  morphology

in the present coupie,  only  a  part of  eggs,  which  cQntain  developing 1st instar Iarva

with  sclerotized  mouth  hool< (Fig. 2-Fl), could  be identMed for species.  Of  the

identified eggs, all deposited in staminate  and  transitional  regions  were  of  D. n7ono-

conica, while  the eggs  in pistillate region  included both species in the  proportion of

69.2% D. diconica to 30.8%D.  monoconica.  According to  this result,  all unidentified

eggs  in staminate  and  transitional regiens  should  belong to D. monoconica,  and

those  in pistillate region  are  assumed  to  include the  two  species  in the proportion

given above.  Thus, a  total of  177 eggs  are referred  te D. monoconica  and  15 to

D. diconica. The above  result indicates a  clear  differentiation ef  oviposition  sites

between the two  species:  D. dieonica exclusively  oviposits  on  pistiliate region,

whereas  D. monoconica  mostly  oll staminate  region  and  particularly on  its lower

part within  about  1 cm  from  its base, though  sometimes  on  tralisitional and,  further,

pistillate regions,  This cornpletely  parallels the oviposition  site differentiation

observed  for the New  Guinean couple,  The characteristic  difference of  ovipositor
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Tabie 3. Records  of  D, diconiea adult  emevgence

           from young fruits.

179

.,.sli".l,,et/･#l････Il

 Young  Fruit
(Collection Date)

No. of adults  emerged

    Total (91e)
ABCDEF

'(k-ll--ig)
 

'

(XII-20)
(ditto)(clitto)(I-9)(ditto)

21 (12/ 9}
33 (t312e)
24 Cl3fll)
32 (16116)
l8 (7fll)
 7 (51 2)

Total 135 (66f69)

rnorphology  between the  two  Burmese species (Fig. 1-H, N) can  be explained  as

adaptation  to this differentiation, Distally narrowing  ovipositor  ofD.  monoconica,

which  is a  common  character  shared  with  ecological  equivalents  in other  regions,

D. stamenicola  and  D. alocasiae,  seems  to be adapted  fbr laying an  egg  into a very

narrow  space  among  rnale  flowers packed  compactly  in staminate  region.  On

the ether  hand, D. diconica with  broad and  blade-Iike ovipositor  deposits its eggs  on

side  wall  of  female flowers located relatively  sparsely  in pistillate region.

   Larvae ofthe  two  species  can  be easily  distinguished from each  other  on  the

basis of  difTerence in posterior spiracles (Fig, 2-D), As  expected  from the species-

specific  egg  distribution, larvae of  the two  species,  at least of  the lst instar, were

differently distributed on  spadix,  D. diconica larvae of  every  instar were  exclusive-

ly restricted  to pistillate region,  On  the other  hand, all larvae foufld in  staminate

and  transitional regions  were  referable  to the ls£ instar of  D. monoeonica,  but 2nd

instar larvae of  this species  were  fbund exclusiveiy  from  pistMate region  together

with  a considerable  number  of  lst instar iarvae of  the same  species.  Consequent-

ly, D. monoconica  occupied  more  than half (57.0%) ef  total Drosophiiella larvae

in pistillate region  in spite of  the fact that  it occupied  oniy  30.8 Y: in egg  pepulation

there. This percentage increase of  D. monoconica  population and  the  restriction

of  its 2nd  instar larvae to pistillate region  indicate the migration  of  its lst instar

larvae from upper  regions.  Thus, the two  species  entirely  overlap  in the larval

feeding sites  ofthe  2nd instar, No  3rd instar larvae of  D. monoeonica  were  found

in the present study.

    All adults  emerged  from young fruits were  D. diconica (1{rable 3). In fact,

upon  opening  a  pistillate capsule  by removing  heavy outer  green wall,  many  puparia
of  this species  could  be found on  the surface  of  developing green berries. On  the

other  hand, CARsoN  and  OKADA  (1980) observed  that  D. stamenicola,  an  ecological

equivalent  of  D. monoconica,  pupates in and  emerges  from  drier portions of  de-

liquescing spathe.  Staminate and  spathe  remnants,  together with  pistillate capsule,

were  kept within  a plastic bag to get adults  emerge,  but no  adults  of  D. monoceniea

were  obtained  in the  present study,  The  remnants  of  upper  parts o'f infiorescence

may  have been toe dry for clrosophilid  larvae, though  not  examinec{  carefu11y for
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preimaginal stages  there. 
'[t

 is suppesed  that befbre the young  fruits were  collected

for the survey,  3rd Snstar larvae ofD.  monoconica  had already  emigrated  firom pistil-
Iate region  to somewhere  else  outside  the infiorescence, probably for pupation.

lkinale i'eprodttctive  traits

    Twenty-one D. tnonoeonica  and  35 (excludirig one  parasitized by nematecles)

D, d?coniea fbmales, obtained  from infiorescence No,  1, were  examined  fbr some  items
with  respect  to reproductive  tactics. The  results  are  compared  between the two
species (Table 4),

    First, inspection of  ovarian  conditions  revealed  that female adult  populations
of  both species  harbored within  an  inflorescence included a  few young  females wi £h
immature ovaries  and  pale body  color.  This su.cgests  that the infiorescence provides
"ot  only  ovipositing  but also  feeding sites for female adults. Further,judging from
the fact that no  Drosqphiletlti fiies caught  by intensive sweeping  either  arouncl  the
host plants or  at various  adjacent  sites, adult  flies of  both species  should  spend

their entire  lifetime almost  within  the infiorescences except  fbr brief periods during
migration,  On  the  other  hand, in both  species  mature  females each  had only  a

single  large mature  egg  in elongated  vagina,  whenever  they had, Such  females oc-
cupied  approximaLely  the same  proportlon in the two  species: 57.i %  in D. mono-
eonica  and  54,3%  in D. diconica, This peculiar pattern of  ovarian  development
was  temned  

`alternating
 ovavian  development' by KAMBysELLis  and  HEED  (1971).

Further, in a  few cases, a ma'ture  egg,  still retained  in vagina,  centained  a  well  grown
1st instar larva, suggesting  the possibility of  ovoviviparity.  The same  plienomenon
was  reported  also  fbr D. xenalocasiae  (under the name  D. eolocasiae)  by OKADA

(197)-).
   The average  number  of  ovarioles  per ferllaie was  relatively  small  in either  species,

Table4,  Coinpatison ofrepreductive  traits between
       D. monocoJiica  and  D. diconica.

Items concerning  reproductive  traits D. monoconicaD.  diconica t-test

No. of  females examined

Thorax length (Lm, mm)
Reproductive conditions

  PC of  irnmature young  females

  %  of  females holding mature  egg

   ]n vagma

 No. of  ovarioles  per  female
Mature  egg  size

 No,  of  eggs  measured

 Length  (LE, mm)
 VVidth (WE, mm)
 Index of  volume  (LE × WE2)

 Relative length to thorax Iength (LEILT)

21O,772

± O.OS9

l4.357.1

9,05  l,1.9t

l2O.683thO.042

O,217 ± O.e13

 O,032O.88

35o,6s4

±o.e6s p<o,ool

14.354.3

3,86,LLO.6S

19O.727

±O.061
O,237 ±O.O19

 O.041

 1.11

p<O,OOI*

p<O.05p<e.oos

"
 According to AsplN-WELcH  Methed  (cf, IsHii, 1975) in the  case  of  unequal  variance.
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though  the number  for D. monoconica  (9.05) was  about  2.3 times as  iarge as that
for D. diconiea (3.86). In general, a larger number  of  ovarioles  indicates a higher

potentlal fecundity. Details in the  present case  will be discussed later. The  mature

egg  of  D. dieonica was  significantly  larger in both length and  width  than that ofD.
inonoconica.  The difference is more  remarkable  in volume,  The eggs  of  both
species  are  quite large in relation  to the body size  within  Drosophilidae (KAMBysELLis
&  HEED, 1971; ENoMoTo  et ai. unpubL);  this is more  pronounced  in D. dieonica
with  a  significantly  smaller  body size.

    Alternating ovarian  development,  possible ovoviviparity,  reratively  few ovarioles

per female, relatively  large eggs,  and  rather  short  stay  ofadult  fiies within  ainflores-

cence,  all common  to both species,  can  be considered  as adaptation  for limited nutri-
tional supply  at particular breeding sites such  as  fiowers. Similar adaptation  in
the reproductive  traits was  reported  for Hawaiian  fiower-breeding drosophilids,
the subgenus  Exalloscaptomyza  of  the genus ScaptoJnyza specialized  to morning-

glory fiowers (KAMBysELLis &  HEED, 1971).

Lijle history and  rqproductiye  tacties

   The  life histories of  the two  species  are  summarized  in Fig.
above,  the present synhospitalic  couple  of  species, specialized  to6.
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inflorescences, exhibit  a  clear rnicroallotopic  niche  differentiation. One  of  them,
D.  dieonica, completes  its preimaginal development within  pistillate region  and  is

well  protected from the outside  by heavy green wall  of  pistMate capsule  through-

out  the development. On  the other  hand, D. monoconica  first oviposits  mostly  near

the base of  stamiRate  region.  And  then, as the infiorescence opens  and  the staini-

nate  regien  becomes exposed  to open  air (Stage 2), lst instar larvae move  to pistil-
late region.  This results  in complete  co-habitation  there with  D. diconica larvae

at  least up  to the 2nd instar. Although no  3rd instar larvae of  D. monoconica  were

fbund in the present study,  they are  supposed  to complete  their deyelopment within

pistillate regioll  and  to emigrate  from there to the outside  for pupation. This differ-
ence  of  the life histories is more  or  less comparable  to  that  obseryed  in other  couples

frern New  Guinea and  the Ryukyus, D. dieonica corresponding  to D.  pistilicola and

D. xenalocasiae,  and  D. monoeoniea  to D. stamenicola  and  D, alocasiae,  though  some

variations  can  be detected, particularly in the latter combination.  Young  (probably
1st instar) larvae ofD.pistilicola  are  distributed not  only  in pistillate region  but also
in transitioRal  re.orion  and,  further, near  the base of  staminate  region,  thus overlapp-

ing thoroughly  with  D. stamenicola  larvae, in centrast  to the case  of  D. diconica
whose  lst instar larvae are exclusively  restricted to pistillate region.  At  the 2nd

instar stage,  however, larvae of  the  two  New  Guinean species  are  supposed  to move

diflerently, D.pistilicola migrating  downward  and  D. stamenieola  upward,  to accom-

plish larval niche  segregation  beYween them. Consequently,3rd instar larvae ofD.

stamenicola  are restricted to decaying staminate  region  and  eventually  pupate in

deliquescing spathe*,  while  3rd instars and  puparia of  D. pistilicola are  found ex-

clusively from pistillate region.  Similar microallotopic  separations  oflarval  feeding

site and  pupation site within  an  infiorescence were  observed,  though  only  prelimi-
narily, also in the couple  occurring  in the Ryukyus. 

'

    The  illaccessibility ofupper  parts, staminate  regton,  barren appendix  and  spathe,

in aged  infiorescences to the BurmeSq species  is characteristic  when  compared  with

the other  cases. These parts may  be too  dry at  later inflorescence stages.  As  the

infiorescence opens,  the  spathe  and  the upper  pa.rt of  spadix  become  dried mQre  and

more  by the exposure  to open  ai; and  eventually  withered  up  instead of  deliquesced

or decayed in such  a  mederate  rnoisttire  condition  as  to be accessible  to drosophilids.

However, the survey  was  made  in the m{dst  of  dry season,  which  eontinues  from

November  to Apgil around  Rangoon.  The  condition  may  be much  different in

other  seasons.  Therefbre, it cannot  be ruled  out  that avoiding  upper  infiorescence

parts is no  more  than behavioral adjustment  of  the larvae to the dry seasoB.

    The species-speci'fic  reproductive  tactics should  be eyaluated  in connection  witk

the life history. First, potential and  realized  fecundities should  be estimated.

If every  ovariole  ofa  female functions evenly,  the potential fecundity can  be expressed

as  a  function of  the number  of  ovarioles  per female and  the rate of  egg  maturation,

    
"
 According  to CAi{soN (pers, comm.),  the great proportion of  D. stamenieola  larvae also  may

leave the inflorescence entirely  for pupation in adverse  conditions  of  staminate  and  spathe  remnants,
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i. e., the number  of  eggs  produced  per ovariole  in a unit time. Further, by assuming

the latter factor to be inversely proportional to the egg  volume,  the index ofpotential
fecundity was  calculated  at 282.8 in D. monoconica,  which  was  about  thrice as  large
as  the  value  for D. diconica (94.1). On  the other  hand, the realized  fecundity was
evaluated  from the dataof Tables1and2  as  fbllows: [Total number  of  eggs  and

larvae]1[Adult population deilsity]. The adult  population density was  estimated

to be about  twice higher in D. diconica than  in D. inonoconiea.  The  resulting  index
value  was  367=(177+190)!1 in D. monoconica,  about  8 times as  large as  that fbr
D. diconiea, 44.5=(15-t-74)f2. The  difTerence much  greater in the realized  fecundity
may  suggest  the suppressed  realization  ofpotentiality  in D. clieonica,  which  may  have
been caused  by the density-dependent effects  of  intraspecific competition  within  a

limited spaee  of  pistlllate region.  Further in general, it could  be said  that the

population ofD.  diconica, well  protected withill pistillate regiQn, is controlled  more

density-dependently by biotic factors such  as  inter- and  intra-specific competition,

predatioll and  parasitism. On  the contrary,  D. moneconica  is more  subject  to abiotic
environmental  factors causing  density-independent mortality  at particular stages

of  its life cycle,  e. g,, at  hatchlng and  pupation. Especially in dry season  the low
humidity ofair  must  increase such  an  abiotic  environmental  stress. When  hatching
out  of  eggs  in staminate  region  is delayed, the danger for eggs  or  lst instar Iarvae
to be dried up  would  increase. The interspeciEc difference of  adult  population
densities estimated  in the present study  may  reflect  such  an  environmental  stress

affecting differently between the two  species  and  more  adversely  to D. monoconiea.
Further, it would  be expected  that the population of  D. monoconica,  being more
subject  to abiotic  density-independent mortality  factors, fiuctuates seasonally  more

greatly than the population of  D. diconica does.

   It should  be noted  thatthe above  discussion is not  conclusive  but only  tentative
or  hypothe£lcal because the field suryeys  are  much  limited in both time and  intensity.
However, the general reproductive  traits, commoll  to the two  fiower-feeding species,

should  indicate the  characteristic  reproductive  tactics adaptive  to the particular
breeding site with  lirnited nutritional  supply.  This interpretatioR may  be supported
by other  fiower-feedillg drosophilids such  as  the Hawaiian iEixalloscaptoJayza.

Further, the speclfic  reproductive  traits can  be explained  in connection  with  the  life
history in terms ofr-  and  KL  selection  (PiANKA, 1970, 1972), Although these concepts
have been subjected  to  criticism  (e. g., STEARNs, r976, 1977; SouTHwooD,  1977;
HoRN,  1978; PARRy,  1981), they may  be stirl valid  at least to some  extent.  In con-
clusion,  D. monoconica  could  be called  

`r-strategist',
 and  D. dieonica `1<Lstrategist'

m  a comparatlve  sense.
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