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      Synopsis As breeding sites for drosophilid fiies, four types of  substrates,

     fermenting fruits, decayed  leaves, s!ime  fiuxes, and  fieshy fungi, were  recorded  in

     and  near  Sapporo. The bTeeding habits of  drosophilid dies are discussed in

     relation  to their phylogeny.

    Information on  breedlng sites  of  drosophiIid fiies is indispensable for their

ecological  and  evolutionary  studies  (CARsoN and  STALKER, l951; etc.). Reviewing

previous contributions,  CARsoN  (1971) classified  the various  breeding substrates  so

far knowll into seven  categories:  1) fa11en firuits and  fiowers, 2) slime  guxes, 3)

decayed bark, leaves, stems  or  roots,  4) fleshy fungi, 5) living leaftissue (leafminer),
6) living fiowers, and  7) symbioRts,  Of  these  seven,  the first fivc are known  to be

uti!ized in temperate regions  (FRosT, 1924; CARsoN  and  STALKER, 1951; OKADA,

1968; etc.). However,  only  fragmelltary records  ofthe  breedlng sites ofdrosophilid

fiies are  known  for Hokkaido  (MoMMA, l965; KiMuRA, 1976a). The present paper
reports  the  results  obtained  through  surveys  carried  out  for the five years since

1972 in and  near  Sapporo,  together  with  discussion on  the relationships  between

the phylogeny and  breeding habits of  drosophilid fiies.

    Before going further tlie authors  wish  to express  their cordial  thanks to Pro-

fl ssor Eizi MoMMA  and  Dr, Sh6ichi F. SAKAGAMi for their pertinent guidance  in the

course  of  the preseiit study  and  for reading  througli tlie manuscript.

                     The Area Surye}red and  Methods

   The  area  suryeyed,  Sappore (430N, l410E), is located neaT  the northern  
'edge

of  the primary  temperate deciduous forest, which  is replaced  on  upland  margins

by forests admixed  with  conifers.  The highest and  lowest monthly  mean  tempera-

tures are about  21"C  (August) and  -5eC  (January). The  active  season  of  drosophilid

flies runs  from April to November, the rernaining  months  having deep snow.
   In order  to obtain  information about  breeding sites, various  organic  rnaterials

suspected  to contain  larvae or  eggs  were  collected in the field, and  brought to the

laboratery. Sarnples were  serted  by the kinds of  materials,  e.g,, species of  fungi or

plants. Each sample  was  placed in a mi!k  bottle (l80 ml)  With tissue paper  at  the
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bottom and  a  cotton  plug at the mouth,  and  stored  at  a  room  temperature (l8N
240C). Adults reared  from the substrates  were  collected  by an  aspirator  and  were

identified by species.

    In addition  to the survey  ef  breeding substrates, adult  fiies attracted  to such
substrates  were  collected  by net  sweeping  to obtain  infbrmation on  adult  feeding
habits.

                             Results

Breedimg substrates

   In total, ninety kinds of  organic  materials  and  some  unidentified  plants were
confirmed  as  being utilized  fbr breeding (see Appendix I). They  were  elassified

into fbur categorles, fermenting imits and  hulls, slime  fluxes (fermenting tree saP),
decayed leaves and  stems,  and  fieshy fungi, which  are  henceforth abbreviated  as

F, T, L, and  M.  1) F: Four  w"d  fruits, three cultured  ones  and  two  wild  hulls
were  utilized  for breeding. But these substrates  would  be subsidiary  at least in
Hokkaido, where  wild  frujting plants are  few, and  the fruiting season  is generally
late autumn  after the breeding season  of  most  wild  fiy species  is terminated (ToDA
et al., unpubl.).  2) T: SIime fiuxes of  eight  species  of  bread leaved trees were

confirrned  as  breeding sites, mostly  produced by fe11ing trees except  fbr the natural
slime  production of  Ulrnus davidZana var.  J'aponica. ToDA  (1973) reported  D. mori-

wakii  breeding on  slime  fluxes of  wounded  plaflt roots  on  a  small  cliff in a  forest
fe11ing area. A  similar  situation  was  also  recorded  for several  species,  and  in
addition,  on  iogs in a  timberyard. In both cases, the tree species  were  not  identi-
fied, and  each  of  them  is therefore coetnted  as  one  unit  in Table l and  Appendix I.
3) L: Decayed leaves and  stems  are  divided into Li of herbaceous plants (18 species),
and  L2 ef  unidentified  arboreal  plants which  have drined to river shores.  4) M:
Forty-four species of fleshy fungi belonging to Agaricales and  eleven  species  of
Aphyllophorales  were  observed  te be used  as  breeding sites.

Breeding habits

   Ofthe 103 dresophilid species so far recorded  in Hokkaido (BEppu et  aL,  ]977),
42 species were  reared  in the present study.  The  data are  presented for each  species

in Appendix II, with  records  of  adults  collected.  Specific breeding habits are
expressed  in Table l, based upon  the relative importanee of  the  numbers  of  plant
species utilized  among  the  four types of  breeding sites mentioned  above.  Where
the number  of  utilized  species  forms a high proportion of  the total species ofa

particular breeding site, this means,  in general, the irnportance of  such  a  site for
fiy species  concerned.  [Irhe comparison  of  the number  of  individuals Teared  from
each  substrate  is rather  meanin.eless,  as the collections  of  breeding substrates  were
not  carried  out  quantitatively and  tke culture  was  not  made  under  constant  con-

ditions.

   Next, the  breeding habits of  each  species  are  mentioned  for each  radiation  of

the phylogeny  accorciing  to THRocKMoRToN  (1975).
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    The Steganine Radiation: Breeding sites of  the subfamily  Steganinae are little
known. Only one  individual of  Amiota variqgata  D  type was  reared  from T.
Leucophenga maeulata  alld L. euin' quemaculipennis were  observed  breeding on  M.

   The Scaptod7osophila Radiation: Drosqphiki coracina  and  D. throekmortoni

were  reared  from T.

   The Sophophoran Radiation: Drosophila bdeseiata of  the obscura  group
utilized  T  as  the main  breeding site, including one  specimen  reared  from M.  One
species  of  the mommai  group, D. mommai,  bred on  Li. The  members  of  the
melanogaster  group are  divided into two  types by breeding habits. One  is repre-
sented  by two  species ofthe  nipponica  subgroup,  D. nipponiea  and  D. magnipectinata,
breeding on  Lz, and  the other  is fruit breeders, D. latescens, D. suzukii,  D.  auraria,

D. biauraria, and  D. melanogaster,  though  the Iast three also  utilized,  in a  subsidiary

way,  substrates  other  than  fruits.

   The Drosqphila Radiation: Two  species  of  the fanebris group, D.  .fitnebris and

D. multispina,  bred on  M.

    The virilis-repleta  Radiation: Drosophila ezoana  of  the virilis group, and  D.
Iacertosa, D. moriwakii,  D. sordidula,  D. pseudbsordidula, D. okadZii,  and  D. neokadoi

of  the robusta  group mainly  bred on  T. It is noteworthy  that the last two  species

were  observed  breeding on  the decayed leaves and  stems  which  had drifted on

river shores  CL2).

    The in7niigrans Radiation: Drosephila immigrans, D. nigromaculata,  and  D.

testacea  utilized  a  yariety  of  substrates,  though  each  species  had only  one  main

breeding site:  D. immigr(ms fbr F, D. nigromaculata  for Li and  D. testaeea for IStl.
Drosophila brachynephros, D. unispina,  D. histrio, and  D. eonjiisa  bred on  M  in the
main,  and  D. tenuicaudn  on  Li.

    The Hirtodrosophila Radiation: Three species  of  Scaptomyza,  S. paiticia, S.

consimilts  and  S. okadai,  were  confirmed  mainly  breeding on  Li, though  the first
two  also  breed, but seldom,  on  M  or  F. MFcoduosqphilapoecilogastra was  observed

breeding on  M.  The  rnembers  of  the quacb"ivittata group, D, euacb'iyittata, D. tri-

vittata,  D. sexvittata, D. alboralis,  also  utilized  M  as  the main  breeding site. In
addition  to M,  D. sexvittata  was  reared  from Li, and  D, alooralis  from T. Droso-

phila collineZla  of  the subgeAus  Lorcliphosa bred on  Li, and  D. busckii of  the  subgenus

Dorsiiqpha en  M  and  Li.

.P}tngusprEvFIirences

    In the pre¢ eding  section  species-specific  utilization  arnong  the  four types  of

breeding sites was  described. The  fbllowing is concerned  with  the separation

withiR  the fieshy fungus site (M), which  was  most  intensively surveyed  among  the

four types of  sites, Table 2 shows  the numbers  of  species  of  Aphyllophorales and
of  each  fami]y of  Agaricales used  for breeding. All species  referred  to the table,

except  D. nigron7acu!ata,  utilized  fungi as  the  main  breeding site, They  are  classi-

fied into two  types, A) sp. ecies  showing  narrow  preferences for fungi of  Tricholoma-
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Table 1. Numbers  of  plant species  utilized by each  species for breeding,

   separately  presented for each  type of  breeding site, tegether with
                records  of adult  collections.

BreedingHabits"

･g

Types of  breeding sites
 SlimeFfuxes(T)Ferment-

  ingFruits(F)
 Decayed
I.eavesQ)
Ll L2

FleshyFungi(M)

BCBCBBCBC

Total plant species  No. 10 12 98  18 1 5571

Steganine Radiation

  Amiota  variegata  D  type

  Leucophenga maeulata

  L. ettinguemaculipennis

Sbaptodrosophila Radiatien

  Drosophila eoracina
  D.  throckmoi'toni

Sophephoran  Radiation

  obscura  group

   D. bijkesciata

  memma;  group
   D. mommai

  inelanagastel'  group

   D.  nipt,oniea

   D. Jnqgnipectinata
   D. auraria

   D. biauraria
   D.  Iuteseens
   D.  suzukii

   D.  melanogaster

Drosophila Radiation

 fitnebris group

   D. fitnebris
   D. Inuttispina

viritis-repieta Radiation

  viritis  group
   D.  ezoana

  i'ob"sta  group
   D.  Iacertosa
   D.  moriuakii

   D.  sordidula

   D.pseudosordidula

   D.  okaclai

   D. )teokadoi

iinmigrans Radiation

 immigrans group
   D.  iinmigrans

 testaeea  group
   D.  testacea
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Table l.(Continued)

575

EIE

[[lyrpes of  breeding sites
 SIimeFluxes

 CT)Ferment-
 Decayed

  ing Leaves  (L)
Fruits(F) Li L2

 BC  BBC

 FleshyFungi(moBreedingHabits"

BC BC

Total plant species  No. 10 1298  181 55 71

s
i"
la

Xii
sc
il'ig.//･l･g.j{l･kSl

i,
lilg.t-gsi

  qulnarla gToup

   D. nigromaculata

   D. braehynephres
   D. unispina

 ungrouped  species

   D. histrio
   D. coofusa

   D.  ten"ieauda

Eif'tecb'osephikiRadiation

 genus  Seaptontyza

   S. pautcla
   S. consimitis
   S. okadbi

 genus 2Ldi)Jcodrosophila
   M  poecilagash'a

 subgenus  Lordipkosa
   D. corrinella

 subgenus  Dorsilopha
   D.  busekii

 melanderi  group
   D. makinoi

 guad}'iyittata group
   D.  trivittata

   D, sexvittata

   D. euad}'ivittata
   D.  athoratis

2

1

42

14

11

1

1

1

61

1

512

l

2

l

112l

6

955

--+

th

blsw-

9-  HF

2--

1

62722

819

21

163940

11223

32l

4 15

9

3-

3

1022425

4

l3471038

LfrnMlfMl

MMtL

LfrnLmL

M

L

Ml

M

MMIMMt

   B: breeding, C: adult  collection,  Lb L2: explained  in text.
   

"
 Breeding  hablts expressed  by the combination  of  abbreviation  of  the fbur types  of

      breeding sitos,  capitals: main  sites, small  Ietters: subsidiary  ones.

taceae  and!or  Aphyllophorales: L. euineuemaculipennis, L. macttlata,  ML  poecilo-
gastra, D. quadi'ivittata, and  D. triyittata, and  B) species  showing  broad preferences:
D. sexvittata,  D. athoratis,  D. brachynephros, D. unispina.  D. testacea afid  D. conjLtsa.
Among  the  former group D. tt'ivittata shovved  a  clear  specialization  to  Tricholo-

mataceae,  especially  to genus Pleurotus, but unfortunately  the other  species  were

insuMcient in their individual numbers  reared  to infer such  specialization.  Among
B, only  D. conjitsa  seems  to be speclfic,  showing  a  relatively  strong  preference fbr
Aphyllophorales. According to  KiMuRA  (l976 b), all members  of  lilirtodrosophila
difibred for each  other  in their adutt  fungus preferences. In the  present survey,
however,  D. sexvittata  and  D. athoralis  shewed  quite similar  fungus preferences for
breeding. Drosophila nigj'emaeulata  which  used  Li as  the main  breeding site, bred
mostly  on  fungi of  Coprinaceae.
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 Table 2. Nurnbers  of  fungus species  utilized  by each  specles  for breeding,

          separately  shown  fbr order  Aphyllophorales and  eaeh

                   family of  order  Agaricales,

Order Aphyllopherales Agaricales

Family Tr19

 525

Am  Ag-Co-  CrSt  
Rh

 
Ru...B.o

Total species  No. 11 22243

Steganine Radiation
 L. macuima

 L. quinquemaculipennis

immigrans  Radiation

 D.  testacea

 D.  nigromacuinta

 D. brac]lynqphros

 D. "nispina

 D.  coJijL{sa

Hirtodrosophila Radiation

 M.  poecilogastra

 D,  quadrivittata
 D,  trivittata

 D, sexvittata

 D. athoratis

24

31

16

23

15

74l-10

 494

 53

2-lm9-10

 2

 93

1

1

1

44542

33

1 1

211

1

-T1

 211

 l21

33

12212t

1 .r1

 rm

   Tr: Tricholomataceae, Ain  : Amanitaceae, Ag  : Agaricaceae, Co  : Coprinaceae, Cr: Crepi-

   dotaceae, St: Strophariaceae, Rh: Rhoclophyllaeeae, Ru: Russulaceae, Bo: Boletaceae

Adult .feeding habits

   The difference of  feeding habits between larvae and  adults  is important, but

hitherto little known, In Table l the records  ofadult  collections  are  also  presented.

In the case  of  decayeci leaves (Li), adult  fiies were  captured  by sweeping  over

various  herbs, so  that it can  not  be accurately  decided to which  plant the fiies werc

actually  attracted.  Consequently, instead of  plant species  numbers,  weighed

relative  abundance  is tentatively shown  for the species  collected  by  sweeping,  At

first sight,  coincidence  of  breediRg and  aduit  collection  data is clear  in the table,

that is, substrates  which  attract  adult  fiies of  a  given species  are  also  utilized  by its

larvae. But a closer  inspection reveals  that some  substrates  are  utilized  only  by

adults  in several  species, e.g., deliquescent or  decayed fungi en}y  for adult  feeding

by D. coracina,  D. collinella  aiid  some  members  of  the nielanogaster  and  robusta

groups. CARsoN and  STALKER (l951) alsD  observed  adults  of  D. robusta  feeding

but not  ovipositing  on  fung.i. Slime fiuxes also  seem  to be utilized  by some  species

of  the i.mn2i.orans radiation  enly  as  adult  feeding sites.

    Two  fungus-feeding species, D, sexvittata  and  D. trivittata, attracted  to fresh

fungi (KIMuRA 1976b), usllally  alight  on  lamellae of  fungi and  exliibit feeding

behavior. The fiies are  considered  te fbed on  spores  which  grow  on  lamellae. In

¢ ontrast, their larvae burrow into a fungus body and  are  considered  to feed on

hyphae. CARsoN  et  aL  (1956) revealed  the ditference between yeasts isolated frorn
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crops  of  adult  fiies of  some  drosophilid species  and  those isolated from their breed-
ing sites. This suggests  not  only  site separation  but also  separation  of  actual  fbed

between adults  and  larvae even  at  the same  site.

                             Discusslon

    As  mentioned  in the results,  each  of  the most  species  mainly  depend on  oniy

one  breeding site among  the four types. Even in several  species  which  widely  use

three types they tend to select one  type as the main  breeding site, e.g., D. auraria

and  D. immigrans  mainly  fbr F, D. braehynephros and  D. testacea ft)r M,  and

S. paitidtx and  D. nigromaeuldta  for Li. On  the other  hand, the plant host

specificity  ofthe  fly species  concerned  in the present study  is not  so  rigid as  in tropical
oligophagous  fiower breeders (PipKiN et al., 1966), or  many  other  phytophagous
insects; the substrates  used  by each  species  usually  extend  over  many  plant species

or  even  families. Although it is net  known whether  this versatility  is due to the

nature  of  substrates,  in that  all of  them  except  for fresh fungi are fermented or

decayed by  yeasts or  bacteria, it is certain  that each  fiy species  discriminates at Ieast

among  four types of  breeding sites. How  they discriminate, what  diflerences of

microbe  flora exist among  substrates  and  among  the types of  breeding sites, and

on  which  parts of  materials  (substrates, microorganisms,  or  their products) the

larvae actually  feed, require  further study.

   As  illustrated in Fig. 1, at  the level of  the species  group or  subgenus,  the

breeding habits are  rather  unifbrm,  though  with  some  exceptions,  SIime fluxes (T)
are  mainly  used  by the  subgenus  Scaptodeosophila, the obscura  group, the virilis

group, and  the robusta  group, while  fleshy fungi (M) are  used  by members  of

Leucophenga, Myeodeosophila, Hirtodrosophila and  some  groups of  immigrans radla-

tion, These two  breeding sites are  also utilized  by the respective  relatives  in other

temperate regions  (In Europe, BAsDEN, 1954; BuRLA  and  BAcHu,  1968; SHoRRocKs
and  WooD,  1973; and  in North  America, CARsoN, 1951; CARsoN  and  STALKER,

1951), Decayed  leaves (Li) are  utilized  by members  of  Scaptomyza, Lordiphosa,

the nipponiea  subgroup  of  the melanogaster  group, and  the euinaria group. In other

temperate areas,  only  D. palustris of  the quinaria group  is known  to  breed on

decayed water  plants (North America, SpENcER, 1942). Dresophila.fl?nestrarum and

D. ancialusiaea  (cited as D. forcipata) of  the Lordiphosa in Europe  may  also  bTeed

on  decayed leaves, because they are  collected  exclusively  by net  sweeping  on  herbs

as  well  as  D. eoninella  (HERTiNG, 1955). In Sapporo fermenting fruits (F) are

mostly  utilized by domestics or  subdomestics  of  the melanogaster  and  immigrans

groups, though  two  wild  species  of  the inelanogaster  group, D. auraria  and  D.

biauraria, depend  main!y  on  them  and  some  members  of  the guinaria group  use

tbem  in a subsidiary  way.  In Europe D. subobscura  (BEGoN, 1975), and  in North

America D. tU7?nis  of  the obscura  group, and  D. tripunctata  of  the tripunctata group,
and  some  others  (CARsoN andSTALKER,  1951) are known to breed on  fruits. In
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Fig, 1. Phylogenetic relationship  of  drosophilid flies and  their main  breeding sites in
   Hokkaido.

addition  to these four types of  breeding sites, fresh leaves are  known  to be utilized
by sorne  Ieaf miners  of  Scaptomyza and  Hirtodrosophila in temperate  regions  (FRosT,'1924;

 OKADA,  1968), but this habit was  not  observed  in the present survey.

    At  the  Ievel of  the radiation  ofTered  by THRocKMoRToN  (1975), the temperate
elements  of  each  radiation  show  adaptive  radiation  to two  or  three types of  breed-
ing sites. From  the side  of  breeding sites, a  particular site is utilized by separate

phyletic lines together: M  by four lines, F  by twe, T by four, and  Li by three. It
is assumed  that each  line has developed its breeding habit in relation  to food
resource  competition  with  other  members  of  the sympatric  assemblage,  though

fundamentally based upon  its genetic property, and  drosophilid flies as  a  whole

may  be rather  versatile  in their breeding habits. The relationship  between phylo-
geny and  breeding habits was  mentioned  fbr the  Hawaiian  drosophilid flies by
HEED  (l968, l971). He  observed  that the taxonomically distinct groups  showed

a  similar  adaptive  radiation  for their breeding habits. CARsoN  (1974) also

observed  that  three species  each  belonging to dist.inct phyletic lines innovate
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similar  niches,  breeding on  land crabs,  assuming  this to be as  a  parallel evolution,

accomplished  without  special  genetic conformatjon.

Summary

    The breeding sites of  drosophilid flies were  studied  in and  flear Sapporo.
Four types of  substrates,  fermenting fruits, slime  fluxes, deeayed leaves, and  fieshy
fungi, were  utilized as breeding sites by the 42 drosophllid species.  Each  species

utilized several  species  of  plants, but mainly  depended on  only  one  type of  sub-

strate.  The breeding habits were  discussed in relation  to phylogeny. At the levei
of  the species group or  subgenus  the hab{ts were  rather  uniform,  while  at the level
of  the radiation  by THRecKMoRToN  (1975) each  radiation  was  adapted  to two or

three types of  breeding site. The habits o £ fungus-breeders were  compared  and

two  groups  were  distinguished; the sipecies showing  narrow  preferences for
restricted fungus orders  or  families, and  the spe ¢ les using  a  wide  variety  of  fungi in
a  similar  manner.  The  difierent feeding habits between adults  and  larvae were
ebserved  in the members  of  the robusta  and  quinaria groups and  in some  others,

                            Appendices

Appendix I. PIant species  utilized for breeding, togethr with  these on  which  only  adults  were

   collected;  the  former shown  in asterisks.
Slime fiuxes (T)
   Tl*) Vlmus dovidinna var, japeizica, T2*) [11, laeiniata, T3") Zl?lkova serrata,  T4") Bettda
   eivnanii, T5") Be. maxinio}vieiiana,  T6*) Be.platxphylki var.  J'aponica, T7') R'axinus mandshurica

   var.  J'crponica, T8*) E)rdrangea petiolaris, T9) Acer mono,  TIO) Cbrnus eontroversa,  Tll)

   Abies sachatinensis,  T12)  Picea iezoettsis, Tl3") Unidentified (wounded plant roots),  T.{4")

   Unidentified (logs of  timberyards)

Fermenting fruits and  hulls (F)
   Fl*) Jlarglans ailantkijblia,  F2*) Mbrus bombyeis, F3") Pt'unus mttnie,  F4*) 1'lr'. paucij7bra, F5)
   Sbi'btts commixta,  F6*) Actinidta arguta,  F7*) Elaeagntts umbetlata,  F8*)  thi'ntts conti'oyei'sa,

   F9*) Lilfttm cordatttm  var.  .elehnii,  FIO*) 1lrxus cuspidota

Decayed  leaves (L)
 Type  Li

   Ll') Ruinex abtttsijZ,iitts, L2*) Aclonis amtti'ensis, L3*)  Anemone  j7ticcida, L4") CZiltha paftish'is

   var, bai･thei, L5') 13.ijloEitm repens,  L6*) AnthJ'iscus sylpestt'is, L7") Olyptotaefiia iaponica,
   L8")  HleracleuJn ckiice, L9$) Osmorhira aristata,  LIO*) Aralia eordeta,  Ll1*) Cilrsiuni kamtscha-

   tiettm, L12*) Petasites iaponieus var.  gigantei{s, L13'k) Lilium cordlatum  var.  glehnii, Ll4*) A4di-

   anthenfum  dilatatttin, L15*) Poijeonatum ocloratum  var.  maxitno}vie7ii,  L16*)  Sniilaeina

   japoniea, L17*) T)'iUittnt smatlii,  L18*)  Poapi'atensis

 Type  L2

   Ll9') Unidentified

Fleshy fungi (M) 
'

   M1*)  Clitoco;be sp,,  M2)  Cl, iiditndibttlifbnnis, M3")  71yicfiolomopsis clecora,  M4') T}'.platJtphytla,

   M5")  Cbtlybia sp.,  M6")  Co. diyophiin, M7*)  Cb. peronata, M8")  th, erythropus,  M9")  th,
   acervata,  MIO")  AJ'tnilinrietla meUea,  Mll*) T}'iekoloma irinum, Ml2) Hbhenbuehelia sei'otina,

   M13*)  Leueopaxilius giganreus,  Ml4") Plettrotus ostreatus,  M15*)  PL  eornitcopiae,  M16")
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Outtemansiella radicata,  M17*)  Ott. mueidh,  M18)  rvbmmttinia vekttipes,  M19")  M),cena
haematopus, M20*) lldly. pura, M21")  My. pob{gramma, M22) Mlp. epiptetl)lgia, M23)'M),.
sp.,

 M24*) Lentinellits ursintts, M25)  thmaropbyiltis viieinetts, M26*)  Amanita pantherina,
M27") Am.  vqginata,  M28) Am,  spreta, M29')  Pittteus eervinus,  M30)  Pin. leoninus, M31')
Ptu. nanus,  M32)  Pla, phlebophortts, M33') Pin. sp.,  M34)  Agarieus arvensts,  M35*) Ag.
plaeontyces, M36") Ag. sp.,  M37)  Lepiota sp., M38)  Le. helveola, M39)  Le. (1{gnea,  M40)
Le.

 
･subamanitijbrmis,

 M41') CZLprinus att'amentariu4  M42') Cop. mieaceas,  M43) Coj,. dis-
seminatus,

 M44')  Rsatilyreltd candbheana,  M45') Rs. ltJJdYzzphila, M46') Ps. sp., M47')
eepidbttts moUts,  M4S*) a.  sp,, M49*)  IVtiematolomafascieulare, M50*) llhefiota squarrose,

M51)  (?ymnql)iltis spectabilis, M52)  inoaybe sp., M53') Rhodophythts rhocthu,olias,  M54k) Rh.
abortivus,  M55*) Russula ayanoxantha, M56') Ru. emetica,  M57*) Ru. nigrieans,  M58') Ru.
sp., M59*)  SbeiiZtts inteus, M60*)  .IlarecomLns badins, M61") Boletus putverulentus,                                                 M62*)
oreo2ophus spatfiulatus, M63")  Cbntharellas 17becostts, M64)  thijtporethts elegans, M65') Pa.
picipes3 M66*) Ro. seuamosus,  M67) thvolas arculai'ius,  M68')  fu. aiveolarius,  M69')  thitioins
bijbrmis, M70*) thr. pubeseens, M71*  Laetiporus s"iphui'eus  var. miniattts,  M72) fl)mtropsis
insularis, M73*) 7>Jrozayces spumeus, M74*) S?7arassis ci'ispa,  M75*) Phaeokts schvaeinitzii,

M70  lycopeidbn avrijbrme, M7D  Rhathts costatus

Appendlx ll. PIant species  utilized  by each  species, shewn  with  symboles  given in Appendix  I.
  Gothic: utilized for breeding, (n!m): reared  numbers  of  91S.
  Amiota variagata  D  type:  Tl, T4, T5, T6, T9, T14(Oll), M54

  LettcopheiLga maealata:  TIO, M15, M42, M47,  M66(10/4>, M68(27115)

  L. ettineuemacutipennis: T5(lfO), M42, M65(213), M66(10flO), M73(25f13), M74(efl)

  Drosophila eoracina:  Tl, T2(2f3), T3, T4(14!14), T5(6!6), T7, T8, TIO, T13(3f4), MIO,  M14,

     M26,  M42,  M44, M65, M66,  M71

  D.  throckmorioni:  Tl(Ofl)

  
D,

 
bijlrsciata:

 Tl, T3(513), T4(3381341), T5(155/106), T6(O!2), T8(O/1), T9, Tll, Tl3(70f53>,
     Tl4(3!3), F3. M54(110), M66

  D. niommai:  LZ(lfl), L3(110), L7(211), L17(llO), MIO,  M54

  D. nipponica:  TIO, F2, L3(713), L6(23110), L8(612>, L9(21!l3), L13(7/4), L14(2fO), L16(2/2),

     L17(5!4), MIO,  M41, M44,  M56

  
D.

 
niagnipectinata:

 F5, L2(9f3), L3Cl3/l7), L4(110), L6(lfO), L8(ltO), LIO(2f4), L13(11f6),
     L14(211), L16(2/4), L17(87f88), MIO, M17. M54

  
D.

 
auraria:

 TIO, Fl(36!34), F2<47144), F3, F4(28!17), F7, F9(2f5), L3(l2/22), MIO, M41, M42,
     M56(11i), M66

  
D.

 biaui'aria: Fl(412), F2, F3, F4(7!2), F6(Sf2), F8(lfl), M]O, M24,  M35(lfO), M42
  D. Iutescens: F3(ell), F8(l/9), M42

  D. suiukii:  F2, F3, F7(110), FIO(9/6), M42,  M54, M76

  D.  melanagaster:  F3(7f4), F6(42f13), MIOCI/O)
  D.  fiinebris: M7(lfO), M66(2!4)

  D. m{ttrispina: M15,  M30,  M42{82f68), M66(7f2)

  D. ezoana:  T4(111), T5, T12, T14(516)

  D. laeertosa: T5, T7(10f5), T13(39!34), MIO,  M14,  M44

  D, mori,vakii:  T2(ifO), T3, T4(5f4), T5(721110), T6, T7, T8(l!2), T9 Tle, Tl3(301!245)
  D, sordiduta:  Tl, T4(lfl)

  D. pseudbsordldttla: Tl(lf2), T2, T4(4!4), T5(5fl)

  D.  okadai:  T2, T4, T5, T9, T14(213), L19(2fO), MIO, Ml7
  D. neokadoi:  T13(110), L19(3fO), M44

  D.
 
imtnigrans:

 Tl, Fl(lglf135), F2, F3(lf2), F6g?!5), F9(Ofl), L5(lfO), Mle(13f15), M17,  M34,
     M41,  M42(lfl), M57, M65,  M66

  
D. testacea:  Tl, T2(3fl), T4(3fl), T5(41f30), T9, TIO, T13(11/8), F2, F3, L3(15117), L6(4!8),
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    L8e16), L12(Ofl), L13(25127), Ml, M4(Oll), M6, M7, M9(212), MIO(513), M14(71171),

    MIS(IO!5), M17, M21(2/i), M22, M24(4fO), M25, M26(1411", M27(O12), M29(2519),

    M31(1/O), M33, M34,  M35(5!3), Mtllpaf5), M42(16f14), M43, M44,  M45(311), M46(7M,

    M47(O/1), M48,  M53, M54(l!l), IN(ts6(1219), M57(15114), M58(18f14), MS9(6/l), M60(5/
    9), M61(5f7), M62, M63(818), M6S, M66(114), M68, M7G(3/3), M71
D.  nigromaeulata:  T5, T7, T9, TIO, Fl(5!2), F2(613), F4(lfO), F6(5/4), F7, F8(Of2), F9(110),

    L3(55156), L6(54!55), LS(43/42), L9(2/3), Lle(110), L12(18/16), L13(25f27), L14(Ofl),
    L15(1!1), L16(1/1), L17(35f27), M4,  MIO, M14, M19, M23, M24(e/1), M29, M41(7!9),

    M42(4fS,  M43,  M`va(Ofl), M45(lll), M54,  M56, M65, M66(1!4)
D.  brachynephras: T7, TIO, Fl(Of3), F6, L6<2!3), L12(Oll), Ml(O/1),, M4,  M60fl), M7(2/O),

    MtO(6!4), M14<14/1oj, M15(12f13), M16(312), Ml8, M19, M20(lef6),  M21(15/1-, M23,

    M24(41e), M2S,  M26(917), M27(2X5), M29(36/30, M30,  M31,,M33ef5). M34, M36(6!10),

    M40, M41(1 lf12), Mtl2(69/43), M43,  M44(16/'1¢ , M45(lfol, M46(1118),  M`C7(llO), Mng(1i

    2), M50(5fD, M53(310), M54, M56(9flO), M57,  MS9(612), M60(4M,･ M65, M66, M68,

    M74,  M75

D. ttnispina:  F5, F6, L12(Ofl), Ml(lfO), M4,  M5ro11), M6, M7, M8(8f5), M9(16/13), Mle(15f

    20), M12,  M14(211), M15(2fl), M17, M19, M2eC2!5), M21(16f13), M24,  M25,  M26(27!
    47), M27, M29(22X20), M31(3/3), M34, M36(11/20), M37,  M38,  M41, Mil2"12), M43,

    M44(2fl1), M45(lfl), M46(2fO), M47,  M48(6/l), M52,  M53,  M54,  M55(110), M56, M57,

    M58(1!3), M59(1/O), M66,  M68,  M69(lfl), M70, M76
D. histrio: T9, F6, M8(2fO), M9(lfO), MIO, M14(lfl), M15(1/O), M17, M26(18f25), M29(Of4),

    M41(5/5), M42,  M44,  M45, M54, M56,  M66(413)
D. conj7tsa:  T2, T3, T5(O!1), T7, T13(lf2), Ml(lfO), M8(1/1), MIO(49147), M13,  M14(9!8),
    Ml5(122flOl), M17, M26(39/35), M27(1!O), M29(1419), M41(11op, M42(15111), M43,

    M44, M47, M51, M54,  M56(7fg), M58(lfO), M60(311), M61, M62(5f4), M65(2f6), M66
    (l941147), M68(O/1), M70(1/O), M71(Oll), M73,  M77

D. ten"ieaucla:  L3(6!6), L7(6ill), Lle(19f9), L13(2!3), M16(4/6), L17(2S/22), M21,  M54,
    M62
Slr(u,tompa paUidla: TIO, F2, F4(11e), Ll(518), L3(1871141), L5(57163), L6(50!38), L8(32!41),

    L9(22f23), Lll(1/O), Ll2(2gf21), L13(8f7), M29, M41, M42,  M45(lfO), M69(!fO)
S. eonsimilis:  TIO, L3(513), L4(1/O), L8(Oll), L13(2fO), L17(3fl), ){15(110), M41,  M42
S. okacini:  L3(O!l), L6(1!O), L8(lfO), L9(lfl), L12(2fl), M75
M),eodiosqpkila poecilagastra: M3,  M4,  M5<319), MIO,  M14(313), Ml,5, M17, M24, M42,
    MS4, M62, M65, M66, M72, M73(ell), M75(Of4)

ML faponiea: M4,  MIO,  Ml4,  M24,  M42,  M47, M65, M66
ML  takaehthenis:  MIO,  M14,  M17,  M62, M65, M73
ML shthokuana:  M4, MIO, Ml2, MIS, M24, M42,  M62,  M68,  M71,  M73
D.  eotlineila: TIO, L2(15tl1), L3(219), L6(2fl), L7(5!2), L12(Oi2), L13(10/8), Ll4(llO,  Llfi(310),

    L17(20!7), MIO, M13, M14,  M21,  M25,  M38,  M42,  M71,  M75
D. busekii: Ll(l13), Ll8(112), M9(4fO), MIO(llf4), M66(17/12)

D. makinoi:  M4(612), MIO(Ofl), M42,  M54(314)
D, eaadriyittata: MIO,  M13, M14(3f3), M24, M54, M62(IXO), rvI65(26f24), M66(2i'O), M73,
    M75

D. trivittata: M3(O12), M4(12f12), M8(llf3), M9(2f2), Mle(50125), Ml3(lfO>, Ml4(l79!166),
    M15(26/20), M17(26f16), M18,  M21,  M51, M54<O/1), M62, M66
D.  s'exvittata; T9, Fi, LIO(YO), Ml,  M2,  rvI3(Of3), M4(36!26), M5(O/4), M6, M8(lef9), M9(7/
    11). Mle(294/214), M13,  M14,  M15(6!4), rvf16(26f42), M17(22f16), M19(2/6), M20, M21,

    M22, M24, M26(16/i3), M27,  M29(5fl), M30,  M31,  M32,  M33, M36(310), M37, M40,
    M41, M42,  M43,  M44(14fl1), M45(Ofl), M46(O/l), M47(310), M48(1f2), M50(28fl6), M51,

    M53,  M54(lfO), M55,  M56(Oll), M62, M65, M66(8f2), M67, M68, M71,  M73, M75
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D.  alooraas:  T5, T13(1/O), Ml, M2, M3, M4(3fll), M6,  M8(8/6), M9(16/13), MIO(57f45),
   Mll(lfO), Ml2, M14(412), M15(3/2), M17(16111), M19, M21(1/O), M22,  M24, M26(Of3),

   M29(23/18), M31(lfO), M35, M37, M41(3/2), M42(5/5), M43, M44(9/7), M45, M47(6/7>,

   M49(3I4), M50(l8f21), M54(Oll), M56(Oll), M61,  M62,  M64,  M65(15111), M66(1!3),

   M68(lfO), M69(11e), M7D(Ofl), M71, M72, M73

References

BAsDEN,  E.B., 1954. The  distribution and  biology of  Drosophilidae (Diptera) in Scot{and,
    including a  new  species  of  Drosqphila. 7}Jans. R. Soc. Edi'nb., 62: 603-654.
BEGoN, M., 1975. The  relationships  of  Drosophila ebscura  FALLEN and  D.  subobseitra  CoLLIN to
    naturally-ocurring  ftuits. OeeolQgia, 20:255-277.
BEp?v, K., A. KANEKo, M.J. TeDA, and  M.T.  KiMuRA, l977. Methods in the studies  of  wild

    drosophilid fiies in Hokkaido.  2. Key  to species  of  Drosophilidae  in Hokkaicto, with  a

    supplementary  note  on  phylogeny. Slethutsu K]youat', IZ: 1-tlO. (In Japanese.)
BuRLA, H.  and  G.  BAcHLi,  1968. Beitrag zur  Kenntnis der schweizerischen  Dipteren, insbesondere
    Drosophila-Arten, die sich  in FruchtkOrpern von  Hutpilzen entwieiceln.  P7erteijtihnssehrijk
    IVbt",:fl Ges. Ziirich, 113: 311-336.
CARsoN,  H.  L,, 1951. Breeding  sites  of  D.  pseudoobscura and  D.  persitnilis in the transition zone
    of  the Sierra Nevada, Evolution, 5: 91-96.
        1971. The  ecology  of  Drosophila breeding sites. Hareld L. Lyon Arboretum  Lecture

    Number  2: 1-27.
-  1974. Three fiies and  three islands: Parallel evolution  in Drosophita. Ilroc. IVbt. Acad,
    Sbi. LLSA, 71: 3S17-3521.

       , E. P. KNA?p  alld  H. J. PHAFF, 1956. Studies on  the ecology  of Drosophila in the Yose-
   mite  regien  of  California. Ill. The yeast flora of  the  natural  breeding sites of  some  species

    ofDrosophila.  Ebokrgy,37:538-544.

       , and  H. D. STALmsR, 1951. Natural breeding sites  for some  wild  species  of  Drosophila
    in the eastern  United States. foidl, 32: 317--330.
FRosT, S.W., l924. A  study  of  the leafmining of  Diptera of  North America. Cbrnelt Agric.
   Exp.  Sta. Mlemoir, 78: 1-228. CNot directly aecessible.)
HEED,  W.  B., 1968. Ecoiogy  of  the Hawaiian  Dresophilidae. U}tiv. 7lexas Publ., 6818: 387-419.
      -  1971. Host plant specificity and  speciation  in Hawailan Drosophila. 7laxon, 20: 115-
    121.
Hm<TING, B., l955. Untersuchungen Uber die Okologie der wildlebenden  Drosophila-Arten west-

   fa!ens, Z. MoiTh.  tt, OkoL 77ere, 44: 142,
KiMuRA, M. T., 1976 a. Drosophila survey  of  Hokkaido. XXX.  Micredistribution and  seasonal

    fiuctuations of  drosophilid fiies dwelling among  the undergrowth  plants. .IL Fkie. SltL

    Hbkkaidb U}tiv., (YI-Zbol) 2e: 192-2e2.

      - 1976 b. D]'osophila survey  of  Hokkaido,  XXXII.  A  fieid survey  or  fungus preferences
    ofdrosophilid  flies in Sapporo.  loiza, 20: 288-298.
MoNtMA, E., l965. The dynarnic aspects  of  Di'os'opkila populations in senii-natural  areas. I.

    Associationsand relative  numbers  ofspecies.  Part 2. Results of  sweeping.  Jltpan. J. Genet.,

   40: 297-305.
OKADA, T., 1968, Systematic Study of  the Early Stages of  Drosophilidae, 188 pp. Bunka
   Zugeisha  Co,, Tokyo.
PJpKiN, S.B., R. L. RoDRiGuEz and  J. LE6N,  l966, Plant host specificity  among  flower-feeding

   neotropical  Drosopftila (Diptera: Drosophilidae). Am,  2Vitt., 100: 135-i56.
SHoRRocKs,  B. and  A. M,  WooD,  1973, A  preliminary nQte  en  the fungus feeding species  ef

   Drosopfiita. J. nat.  Hist., 7: 551-556.
SpENcER, W.  P,, 1942. New  species  in the  quinai'ia group  of  the  subgenus  Drosophila. U}iiy.
    7lexas PubL,  4213: 53-66.
THRocKMoRToN,  L.H,,  1975, The pliylogeny, ecology,  and  geography  of  Di'osophift?. bi R.C,
   KLING ed.  Hhndbook  of Geneties 3:･ 421-469, Plenum Publ.
ToDA,  M.J., l973. Infiuence of  forest feIIing upen  drosophilici fauna at several  localities in
   Hekkaido.  Res. BuU. ColL M'pei'. N}i'ests, Cbll. Agi',, Ifokkai`lo U)iiy,, 3e: 389--tlle.

l

1,

/

NII-ElectronicMbrary

l･il･


