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 Synopsis Habitat preferences of  the  drosophilid fiies were  investigated in the

vlcinity  of  strearns, Four species  of  the robusta  group (D. okadoi.  P. neokaciai,

D. Iacertosa and  D, moriwakii)  and  two  species  of  the viriits group  (D. ezoana  and

D. sp.  4) were  supposed  as streamside  dwellers, In the upper  or middle  part of

the  stream  D. ezoana  preferred open  stony  streamsides,  and  D. okadui  and  D. neokaclai

preferred stony  streamsides,  Though  D. lacei'to.s'a was  abundant  at various  stream-

sides, they  preferredi more  canopied  streanaside.  D.  meri}vakii  was  abundant  net

only  at  the streamside  but also in the slreamsicle  forest, In the lower reaches  P. sp. 4

preferred willew  groves  in the vicinity of  the stream.  Some  fiies of  D. Iaeertosa
werc  also  seen  in mentioned  groves  with  D. sp.  4. From  these facts, it is assumect
that  habitat of  each  streamside  dweller is species  specific.

    Up  to  the  present, a  great numbers  of  studies  have been made  on  the habitat

preference of  drosophilid species,  alld  streamside  was  recognized  as  one  of  droso-

philid habitat, However,  no  comprehensiye  ecological  studies  have  hitherto been

carried  out  in the vicinity  of  the streamside.

    On  the other  hand, it is common  that the  close]y  related  species  in phylogeny
have slmilar  life modes  in the basic requirement  ef  resources.  According te the

previous reports  (TAKADA, l958a, b; KANEKo  and  SuiMA, 1962; KANEKo  and

TAKADA, 1966; KANEKo, MoMMA  and  SHiMA, 1967; KANEKo,  MoMMA  and  ToKu-

MiTsu,  l968; KANEKo, ToKuMiTsu  and  SRiMA, 1968; KANm<o  and  ToKuMT.'rsu, 1969;

ToDA,  l973), streamside  dwellers ofthe  drosophilid fiies in Hokkaido were  belonging

to the virilis or  the robusta  species  group, which  are  derived from the yirilis-repleta

radiation  (TErHRocKMoRToN, l975). Therefore, it is atterr]ptedi to bring together

such  fra.cr.mentary information concerning  streamside  specles  in Hokkaido,  and  more

detailed surveys  on  their microdistributions  were  carried  out  in the central  part
of  H..ol<kaido. In this paper mierodistributions  of  the wild  species  of  the robusta

group and  the i7irilis group  wcre  treatcd, and  some  discussion on  the adaptive

radiation  of  the  old  world  yii'ilis-repleta  radiation  in Hokkaido  a]'e done,

    Streamside environments  change  continuously  from the headwaters to the

estuary.  Here, two  types of  enviroiiinents  of  such  various  parts of  a  stream  were

   
"
 Prcsent address:  Hokkai(lo Experimental  i';orest of  KyCishQ University, Ashorobuto,

Ashoro,  Hokkaido  089-37, Japan,

{･･l,IIiEIEI

 liIl

 l･Il

 l･
 

'i

 {i

 i

 i'
 i/
 l･t

 ll''i/,l1'jl'l･g,{

 t'ii

 li:li{l

 all

 :ll

 l/l

 l'l'l

 li･ll

 !il

 l'
 i' 1

 s･l.

 s
 Gjl

 1･･ll

 ;
 a
 :/

 
･l

 t/./1

 '1.･

NII-ElectronicMbraryService



The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

･444 Katsura BE?pu

selected  for this investigation. One  is the upper  or  middle  part ofthe  stream  where

current  runs  through  fbrests, and  the other  is the lower reaches  where  bushes or

groves are seeR  along  the streamside.

    Before going further, the author  wishes  to express  his sincere  thanks to Prof. Eizi MoMMA  for

his kind advice,  CoTdial thanks are  also  due to Dr. Masahito  T. KiMuRA  and  Mr. Masanori  J,
'ToDA

 for their useful  suggestion,  This paper is based on  a  part of  the  docter thesis presented to

Hokkaido  University.

                           Areas Studied and  Methods

   Six Iocalities (Nopporo, Moiwa,  Soranuma,  Jozankei, Ban-nosawa  and  Nanporo)  were  selected

fOr this investigation in or  near  Sappero City, the  central  part ofHokkaido.  Abbreviations ofeach

locality are  as fb]lows ; Nopporo  (NF), Moiwa  (MF), Soranuma (SR), Jozankei (JZ), Ban-nosawa

(BS) and  Nanporo <NA), and  loeation of  them  is shown  in Fig. 1. General envirenmenCal  condi-

tions at  NF,  MF  and  JZ  were  shown  in BEppu  (l976), at  SR  were  in KIMuRA  et  al. (1978), and

at  BS  and  NA  were  in the below,

.
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Fig. 1, Location oD  the  area  studied.

   In the  pyesent  study  either  milk  can  trap  (MC) collections  or  retainer  trap (RT) collections  were

performed. Both  types  of  the traps were  baited with  fermenting banana.

   There are  two  types  of  collections  in the NLC  collections,  and  each  collection  is cod{fied  as

foIIows;
Hi, H2: Each  collection  is clone  by  one  hour inlervals (Hi) from 5: eO to 10: eO (7:OO to 12: OO

        in Oct,), or  two  hour intervals (H2) from 5: OO to 17: OO <7: OO to 17: OO in Oct.).
Di, D2: Mentioned  Hi  or  H2  collection  is done  for a day (Di), or for successive  two  days (D2).
   By means  of  the RT,  either eontinuous  collections  or  one  week  coilections  once  in each  month

were  performed  throughout  the season,  Codes of  such  collections  were  as  follows ;
  CO:  Contiiiuous collections  throughout  the  seasom.  Stored flies were  removed  at  weekly

        intervals, together with  bait renewal.

  Wi:  Baited RT  were  set  for a  week  oiice in a month.

1. T7ie mper  or  middle  pat't ofa stream
   Microdist!'ibutions of streamside  drosophilids wei'e  surveyed  froin the  follewing three  aspeets;

Survey  l: The  degree of  restriction  to stTeams{de  environments,

Survey 2: Pfeferences for streamside  microtopegraphical  or  vegetational  ditierences.
Survey 3: Vertgcal microdistribution,

   According  to ToDA  and  KiMvRA  (1978), in addition  to the mentioned  abbreviations,  methods

'
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Fig, 2. Schema of  microenviropments  around  trap  spots  of  the Survey 1 and  3.

of  each  survey  are  codified  as  follows;

Survey 1 : TfiJZ, MF,  NF-'74, and  TgSRr'75  (Area studied  was  set  at the foot of  Mt. Soranuma.
Altitude is about  350 m),  By  means  of  six MC,  H2D2  were  carried  out  from May  to October at
NF,  but from July to October at other  three iocalities. Traps were  set at  intervals of O, 5, le, 15,
25  andi  50  m  from the stream  edge  at each  locallty (Fig. 2). The  width  of  the  stream  in each  gocality

is as follows; MF==O.5  m,  NF=l.e  m,  SR=2.0  m  and  JZ== 10.0 m  (qfl BEppu  1976).

Survey  2: TilJZ-'76. By  means  of  eight  MC,  HIDi  was  carried  out  from May  to Octeber once
in each  inenth.  Microenvironments  of  each  trap  spot  are  shown  in Fjg.3, RQman  numerals

show  the  $pets  at  main  stream  streamsides  and  sm,all letters of  the  roman  alphabet  show  the  enes

at branch streamsides  (of BEppu  l978).

Survey 3: TPBS,SR-'76,  Considetjng the  faunal differences at  main  and  braneh streamsides.

two  types ef  the  trap  stations  were  se]ected  at  both  locaiities; one  was  a canepied  streamside  (I)
and  the other  was  a open  streamside  (II). Four  RT  were  set  at  each  trap  stat,ion  as  shown  in Fig. 2
(A: in the canopy  of  the  streamside  tree, B: under  part of  the canopy,  C: in fi/ont of  the cliiV  shelter

1,,
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Schemata  of  inlcroenviron]nents  around  ti'ap spets  of  the Survey  2.
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or  in the shrub  layer of  the forest floor, and  D  : streamsides),  and  CO  were  carried  
out

 
from

 
May

to the beginning of November.
   Ban-nosawa is Iocated about  17 km  southwest  ef  the center  of  Sapporo  City. Trap

 
spots

 
were

set along  the upper  part of  the branch strearn of  the Toyohira River. This branch is about  
2m

 
in

width  and  the upper  part is running  through the deciduous bread-Ieaved forest, which  consists  of

2uercus crispula  etc.. but the lower part is running  through  the grassland, Human  habitations 
are

seen  near  the confiuence  of  this branch and  the  Toyohira  River.

   Traps in SR  were  set  at the streamside  of the  main  and  the branch stream  of  the Yunosawa.

Width of  the branch and  the main  is about  O.3 m  and  3 m  respe ¢ tively (This branch is different from

the one  used  in the Survey 1).

2. 77ie tower reaches  of'a stream
   The  streamside  environments  of  the lower reaches  are  fundamentally difierent from  those  of

the mcntioned  upper  or  middle  pairt ; e.g.  the former having only  a moderate  growth  of  willow  groves

in the vicinity  of  a  stream  against  the latter surrouncted  by well  developed broad-leaved deciduous

forests, The  Iower reaches  are inhabited by a peculiar me;nber  of  streamside  dwellers, D, sp,  4

tegether with  D, iaceJ'tosa.

   The area  studied  (NA) was  set  at the  lower reaches  of the Chitese River (Fig, 1). The  Tiver

is abeut  30--50m jn width  at this area  and  dry riverbed  was  about  same  width.  The  streamside

environments  are  roughly  divided into two types; 1) willow  groves are  seen  along  the riverside,

and  P  grassland or  bllsh was  seen  from the edge  of the river. Most  part of  the dry riverbed  was

cevered  by short-tall grassland, Codes  of  this area  is as follows; TPNA-'78. By the use  of  eight

RT,  Wi  was  carried  out  from May  to Oetober. Traps were  set in the  various  em,ironments  of

the  riverside,  and  such  spots  were  shown  in Fig. 8 schematieally.  Four traps  shown  by  the roman

alphabet'  (A, B, C  and  D)  were  set  in the willow  grove ofthe  streamside,  and  ether  
four

 
shown

 
by

roman  numerals  (I, ll, III, and  IV) were  set  on  the dry riverbed.

Resllks and  Disceession

    In the  uppe];  or  middle  part Qf  a  stream  all streamside  species  except  for D,

sp. 4 iny'ere abundaRt,  but in the lewer reaches  only  D. sp.  4 was  abundant.

L  ?ke emper  or  }nicidle  pai't of a  strea}n

    i.i Individual numbers  of  eollected speciinens  at each  spot  in. the Survey l

v,,ere shown  in Table 1, [1]he eernposition  of  drosophilid species  of  the robttsta

and  the  virilis group specles  is difiibfent in euch  locality; D. Iacertosa and  IJ}. rnori}･vakii

were  a･buiz･dant  in all localkies, D, okadesi  and  D. neekadui  at  JZ  and  SR,  but D.

ezoana  only  at JZ.

    Thepercentage  distribution patterns ofeach  species  are  shown  in Fig. 4. From

the figure two  types  ef  habitat prefercnees are distinguished: one  is strongly  re-

strieted  to the streamside  envirQnments  (D. eioana,  D. okadaL  D. neokaclai  and

D. gacertosa),, and  tlie ether  has breader preferenee net  only  to the streaniside  but

also  to the surroundins,  forests <D. moriwakii  D. sorclZdula,  aRd  P. pseudosordicinga).

Aecorcling to TIroDA (1973, 1977), habitat ofD.  sordidula  is situated in the sh]rub  layer

on  tlre forest aoor. Thcrefore, deperidi.ence £o  the streamside  environmcnts  of

D. soi'ciJidrgla is weaker  than that of  other  robttsta  group species, though  they were
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Table

        Dr'osophila in Vicinity of  Streams

1, Collected number  ef  flies at each  trap spot  in the  Survey 1.

447

    Locality

'6J
 2h'EeP}o' l'a'''

    Jozankei
    Moiwa

    Soranuma
    Nopporo

 D. okacini

    Jozankei
    Moiwa

    Soranuma

    Nopporo

 D. neokacitTi

    Jezankei

    Moiwa
    Soranuma

    Nopporo

 D. moriwakii

    Jozankei

    Moiwa
    Soranuma,

    Nopporo

 D. sordidula

    Jozankei

    Moiwa

    Soranuma

    Nopporo

 D. pseudo,s'ordidttla
    Jozankei
    Moiwa

    Soranuma
    Nepporo
 D. ezoana

    Jozankei

    Moiwa
    Soranuma

    Nopporo

Distance from water's  edge  of  the stream

 o

 21

 36
 47443

 48

 2115

 4

 34

135

 16

 3
 86373

 54

  l

  1
 26
  

't

  3

  2

  4

 1.0

)S8

  2

 s ...!ltwwm -.1.i ..

 25 3 3

 32･ 7 1
 3 3 3

162 {17 80

tOl 10 1
- 1 -

 9 6 1
- 1 -

 l8 
'1

 3

 No  specimens  were  collected

 6 2 1

 5 l -

 2  28 10

11i ll4 37

277  212 388

 26 82 51

 .... -. I
  lt -  

-

 9  13 29

 ." 1 -

L  -  2

  ]･ -  -

  1 ll 7

 2 8 ---

 61. 2 
-

 No  specimens  were  collected

 No  specimens  were  co]Eected

..2-5 -.-.i9..(M-)."

21

18

.2

l2

2

8

].

 1926t6539

 1

 119

1

122

8309757

12

23

collected  fairly abundantly  in the vicanity  of  streams.  At the pyesent stage of

I<nowledge, too  much  cannet  infer en  the habitat of  D. pseudosordidula. but habitat

preference of  this species  seems  to be similar  to  that of  D. sordidula  (BEppu unpubl,).
    From  these  faets, two  adaptive  radiations  are  assumed  in the robusta  group:
one  is to the streamside  (D. okadai.  D. iieokadoi  a"d  D, gaeei'tosa) aHd  thc other  is

to the foi'est floor (D. sordidttla  apd  D. f7seudosordiduia), and  D, mori",akii  shows

intermediate type of  the mentioned  two.

    J.2. As shown  in the  Survey l, coinpositions  of  streamsjde  species varied

NII-ElectronicMbraryService
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Fig, 4. Horizontal microdistribution  patterns of  the streamside

  dwellers and  twe  relatiyes (Solid: Nopporo,  Broken:  Moiwa,

  Chain: Jozankei, and  Two  dots chain:  Soranuma).

Fig, 5. MicToclistributions of  the  slreamside  clwellers at varieus

environments  in the vlcinity  ef  streams  (White: Streamsides

of  the  main  stream,  Hexagon:  Bush on  the dry riverbed,  Dots:

Streams3des of the branch  streams).

4020

 o60

4020

 o

D.lacertosa

1die4
   P,e7eana

   l II rH lvvabz
      Trqp spet

Ctifi' Shelter, and  

'B]aclc:

from a  locality to a  iocality. Such variations  seem  to be attributed  in part to the

microtopographical  or  vegetational  differences of  the collecting  spots.  It is, there-

fore, supposed  that there are  some  differences in preferences for such  variables

among  streamside  species,  even  among  the  four species  strongly  restrl ¢ ted to water-

side  environments.  In the Survey 2 these preferences were  surveyed.

    Microdistributions of  the five species,  which  show  the  dependence to stream-

side,  were  shown  in Fig. 5, Abundance of  D. ezoana  is characteristic  of  the maiR

stream  streamside  where  there are  stones,  small  rocks  and!or  .fallen trees, but no

sandy  soi! or pebbies. This means  that D, eioana  prefers open  stony  streamside

such  as  a  main  or  uncanopied  stream.  A  similar  trend shown  by D. ezoana  was

reported  by }'IERTING (1955) for D. Iittoralis, iny,hich also belongs to the virilis group.

These facts suggest  that mentioned  open  stony  waterside  inay  be the main  habitat

of  the wild  i'irilis group species.

    D. Iacei'tosa is abundant  both at maifi and  branch streamside,  and  abundance

of  this species  at every  locality where  the Survey 1 was  carried  out  is suggestive  that

this spe ¢ ies 1ias broader preferences for tlie various  streamside  than other  streamside

dwellers. However,  this species is more  abundant  at  the branch streamside  (Fig. 5).
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Drosophila in Vicinity of  Streams

Table  2. Number  ef  collected  fiies of  streamside  dwellers and

      two  relatives  at each  trap spot  in the  Survey  3

   (I: Canopied strearnsides,  and  II: Open  streamsides).

op9

Seranuma

  D. ezoana
  D, okadoi

  D. neekadbi

  D. lacertesa

  D. moriwakii

  D. soi'dldula

  D.pseudosordidttla
  Total

Ban-nosawa

  D, ezoana

  D, okadei

  D, neokadlrii

  D, iaeertosa
  D.  moriwakii

  D. sordidttia

  D. psettdbsordicinla

  Total

I-A  II-A I-B II-B

9716

ll3

 19441

136

  1

 2

 8297

 1309

149]6

 4169

 3

 7

 8375

393

 244493

 3542

  1

 8

 6237

 1253

ITC

17949

 5233

II-C

 2

 1

 2ll6185

 5311

I-D II-D Total(I) Total(II)

 1

 1102

 lle5

 4

 IO

 8761

 4787

   4

   9

  8]
 270 '

  51,296

1136

20

5

 111179

97

27
 5

 4
 1815933

 i247

 43

 4

 1

 11

170
 l230

  1438

 87

 9535

  12

   1

  29

  181
 317'
  51,382

  29
  6
  4
  23
 813

 352

  9l,236

  49

   4

   1

  30

  221,974

   82,ess

Therefore, this species  may  prefer the canopied  streamside  (of1 BEppu  1978).

    Preferences of  D. okadoi  and  D. neokadoi  were  not  so  restricted  as  D. ezoana,

but not  so  wide  as  D. lacertosa. They were  collected  in som ¢  abundance  both at

main  and  branch  streamside,  but less so  at the streamside  of  the  very  narrow  stream

like spot  
`z'

 regardless  of  some  abundance  of  D. lacertosa. This trend  is supported

by the data ofthe  Survey 1 at  MF  and  NF.  Consequently, restriction  ofD,  okaclai

and  D. neokadai  to the streamside  would  be connected  with  stony  waterside  environ-

ments.  I'n behavioral observation  in the field, several  files of  these two  spe ¢ ies were

found in the cracks  among  damp  stones  at  the streamside  or  on  the dry riverbed.

This suggests  that the exjstence  of  the crack  among  su ¢h  stones  or  small  rocks

seems  to be necessary  as  resting sites  for their lifb in native  environrnents.  Flies of

D. lacertosa showed  such  behayior, but they fiew in under  the leaves o £ the stream-

side  grasses or  fern which  kung  over  the  stream,  By  this fact it is suppesed  that

thev  would  be ablc  to live at  the  streamside  of  the mefttioned  narrow  stream.  J

   D, mortwakii  did not  show  any  trend in this survey. This would  be due to the
weaker  water  dependence as  shewn  in the Survey 1.

    1.3. By  the mentioned  surveys  habitats of  streamside  dwellers were  revealed

horizontally. The  other  aspect  ofhabitat  separation  is the vertical  microdistribution

in the spa.ce above  stream  surface.  The  vertica]  microdistributions  were  surveyed

in the Survey  3.

   Numbers  of  collected  specimens  of  the robusta  group  and  D. ezoana  are  shown

in Table 2. Further, percentage distribution patterns of  four species  are  shown  in
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  Fig. 6. Yertical microdistribution  patterns of  three streamside  species and  D. sardidtda

     (Solid: BS-I, Broken: BS-II, Dets: SR-I, and  Chain: SR-II).

Fig. 6. Accordingto thesedata,  D. ezoana,  D. okaddi,  D.neokaduiand  D. Iacertosa

were  strengly  restricted  to water  surface, though  more  or  less variatiens  in the degree

of  the restriction  are seen.  D. moriTvakii  which  is abundaRt  at  spots  B  and  C

everlaps  largely with  D. sordtdula  and  D. pseudosordidula which  are  abundant  at

spot  C.

   However, collected  numbers  of  flies of  D. okaclai  and  D. neokaciai  are  very  smail

so  that analyses  for their preferences are not  suMcient.  Therefore, behavioral ob-

servation  for these species  were  carried  out  in the carly  morning  at  SR  in 1976.

Results obtained  from this observation  are shown  in Fig. 7. Both  circles  (black
and  white)  show  the point where  fiy of  each  species  stopped  for a  while  and  feeding

or  resting  was  seen. However,  black circles show  the  point of  the  two  species

(D. okaciai  and  D. neokadui),  because though  morphological  difierences between

D. okaclai  and  D. neokacini  exist,  especially  in genitalia, those are  so  slight  that it

is impossible to distinguish these two  species  in observations  of  the naked  eyes.

In spite  of  such  defects, this figure shows  that active  space  ofD.  okaclai  and  D. neoka-

clai is more  restricted  to the streamside  than  that ofD.  mori.wakii.  This fact supports

the mentioned  trend obtained  from the trap collections,

    To  sum  up  the mentioned  facts, D. ezoana  is distributed yertically  in a  Iimited

space  just above  water  surface  at  open  streamside,  and  D. okadui  and  D. neokadoi

are  also  restricted  to the limited space  above  stream  surface  as  well  as  D. ezoana,

D. lacertosa is the most  abundant  at  D, but a  number  of  specimens  were  collected

at  higher traps. Therefore, this species  also  prefers the space  above  streain  surtHace,

but its range  of  the  vertical  distribution extends  more  upwards  than those  of  D.

ezoana,  D. okadoiand  D, neokadni.  Ilrhis suggests  that D. iacertosa has awider  pre-
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            Fig. Feeding  or  Testing  spots  of  three strearnside  dwelEers

ferellce thaR  D. exoana,  D. okadoi

vertically  at  open  and  canopied  streamsides.

   Compared  with  the mentioned

dantly from the  undergrowth  layer to the subarboreal  layer in the streamside  fbrests

and  besides this species  rested  in th

shelter  is important for their distribution.

garded to be a  streamside  dweller, habitat preference of  th

zed  as  those of  the  mentioned  four.

   In conclusion,  the results  of  the

found in the horizontal microdistribution.

2. 7he lower reaehes  ofa stream
   The  streamside  fauna of  the lower reaches  is conspicuously  characterized  by

D, sp.4,  together with  the sporadical  distribution of  D. lacertosa, As  shown  in

Fig. 8, microdistributions  of  D. sp. 4 and  D. lacertosa are  restricted  to the vicinity of

the streamside,  particularly to the willow  grove along  the stream.  BLIGrlT and

R.oMANo (1953) reported  that  D.  ainei"ieana  which  belongs to the virigis group was

collected  in a  streamside  willow  grove. CARsoN  (1971) described in more  detail

that D. americana  was  reluctant  to leave the grove of  sandbar  willow  where  this

species bred. From  these reperts, it is supposed  that restriction  of  D. sp. 4 and

D. Iacertosa to the streamside  willew  groves seems  to  be dLie to not  only  high humidity

but also  the  existence  of  breeding materials.  Further, places shaded  by willow

grove, as  well  as  cracks  of  stones  or  under  parts of  fa11en trees in the upper  or  rniddle

parts of  a  stream,  may  serve  as  resting  sites  in daytime for this species.

    In consequence,  it is assumed  that the streamside  willow  groves provide thc

indispensable cond.itions  for the life of  D. sp,  4 and  D, lacertosa.

                         CeHcluding Remarks

    As for the  streamside  dwellers of  the  drosophilid fiy in Hokkaido,  the exact

      

     
     

     
and  D. neokadui  not  only  horizontally but also

 four species, D. inoriwakii  is distributed abun-

                                      ,

e cliff shelter in daytime. Thus existence  ofsuch
'
 

'
 Therefore, though  D. moriwakii  is re-

                  is species  is not  so  speciali-

  vertical survey  agree  close]y  with  the features
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  Fig. 8, Microdistributiens of two  streamside  dwelLers at various  environments  in the Iower
     reaches  of  the  stream,

features of  their habitat preferences have  remained  obscure,  though  in the previous
papers one  can  find several  brief notes  (of1 papers cited  in the pyeface).
    The present study  revealed  that there are two  types of  basic trends in habitat
preferences of  streamside  dwellers: one  is strongly  restricted  to the waterside  and

the other  is widely  distributed not  only  at  the waterside  but also  in the streamside
forests, Moreover,  microdistribution  patterns of  individual species vary  to some

extent  for each  other  accordlng  to diflerences of  riparian  environments.  This
suggests  that species  specific  microdistribution  pattern reflects their preferences to

the  kinds of  resting  sites, food resources  and  breeding sites  ete., and  their tolerances

to physical factors such  as  temperature, humidity and  so  on.

    On  the basis of  the mentioned  habitat preferences, it would  be allowed  to

schematize  the habitat of  each  streamside  species  and  two  forest dwellers of  the

robusta  group as shovLJn in Figs. 9 and  le.

    In the upper  or  middle  part of  a  stream  (Fig, 9), streamside  environments  are

shared  by the fbur species, D. lacertosa, D. okaclai,  D. neokadoi  and  D. ezoana.

In these species  D. eioa}?a  prefers more  open  stony  watersides  such  as  the edge  of

the main  stream,  ponds or  Iakes. However, open  wide  sandy  streamside  lacks al]
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 Fig. 9. Schemata ofhabitats  of  streamside  dwellers and  two  relatives in theupper  or  middle

   part of the stream  (a: Canopied  stony  streamsides,  b: Canopied  narrow  streamsides,

   c:  Open  stony  streamsides,  and  d: Open  sandy  streamsides).

  liii/iiiki/iizaEgf,,gzi/k,s};Ei,gi"lll/,i,},/,i/,iii,i
'

il
e

ii
S

,i

'-

,

'

e
C

,

er

.

'

iili,ikililSiil,,.),tkit/li,iilj
a

"$,i;E3sgt･i3S/reljggp,g;isees""
Fig. Ie. Sehema ef  habitats of  two  streamside  dwellers in the Iower reaches  ofa  streani.
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of  the streamside  species  (Fig. 9 d). These wou}d  be due to the lacks of  the  resting

site in daytime, breeding materials  and  so  on,  D. okaclai  and  D. neokadoi  prefer

the stony  streamside  irrespective of  open  or  not,  and  active  space  of  them  is also

restricted  to water  surface  as  we}l  as D. ezoana,  Habitat preference ofD.  Iaeerfosa

is wider  than those  of  the mentioned  threc  species both in horizontal and  vertical

space,  though  thc trend that this species  is abundant  at  the canopied  streamside

was  seen.

   D. moriwakii  does not  show  so  conspicuous  restriction  to the  streamside  as

the mentioncd  four species, but their microdiistribution  is aiso  restricted  to the

woodland  streamside,  particularly to the  cliff shelter.  Therefbre, degree of  the

restriction  to the streamside  of  D. moriwakii  ls intermediate between the mentiened

four ancl  the two  species  described in the below,

   Remaining  robusta  group members  in Hokkaido, D. sordidetla  and  P. pseudb-

sordidula,  dastrlbuted in the  shrub  layer on  the forest fioor, but many  fiies were
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  Fig. IL  Schema  of  the adaptive  radiation  ef  the old-world  vii'ili,s'-rqpleta radiation  
in

     Hekkaido.

collected  in the  vicinity  of  streams.  Judging  from micredistribution  patterns of

them, ltabitat of  these  two  species overlaps  more  or less with  that of  D. morisvakii,

This is suggestive  that 2nterspecific competition  between these forest dwe!lers and

D. moriwakii  may  exist for seme  resources.

   In the lower reaches,  D. sp. 4 and  D. Iacertosa are  suitable  members  of  the

streamside  dwellers. Microdistribution pattern shows  that  these two  species  prefer

the streamside  willow  groves,

    On  tbe other  hand, from a phylegenetical point of  view  it is revealed  that

streamside  dwellers in Hokkaido  consisted  ef  the members  of  the two  groups (robusta
and  virilis) which  belong to the old  world  virigis-repleta  radiation.  According to

THRocKMoRToN  (1975), the  melanica  group also  belongs to this radiation,  and

these three groups  (robusta, virilis, and  inelanica)  show  similar  ecological  features.

    However, as  mentioned  above,  two  directien of  the adaptive  radiation  are seen

in the  robusta  group in Hokka{do: one  is to the waterside  and  the other  Ss to the

forest fioor. In the virilis group, D. viFilis is known  as  a  famous domestic specics

(ef1 DoBzHANsKy  1965), and  two  wild  species  in Hokkaido (D. ezoana  and  D. sp. 4)

are  known  as  streamside  dwellers. Therefore, two  directions of  the adaptive  radia-

tiop are  also  seen  in the i,ii'igis group. },n Hokkaido, on!y  one  species  (D. pengi)
of  the  nielanica  group is l<nown. According to ToDA  (1977) habitat ef  D. pengi

{s a  forest canopy,  Difference of  habitat preferences between D. pengi an6  twe

forest dwellers of  the  robttsta  group  (D, sordidiila  and  D. pseudosordidula) may  be

important to reduce  the interspecific competition.

    From  these, as shown  in Fig. 1 1, it may  be allowed  to sehematize  the adaptive

radiation  of  the  three  groups bclonging to the old  world  virilis-repleta  radiation  in

Hokkaido.
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