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Abstract. Specics compesitions  of  fig-wasps wefe  investigated in 14 figs (ncus) distributed in Japan. A  tota1 of

38 species (Agaonidae: 36 spp,; OrTnytidae: 1 sp,; Eurytomidae: 1 sp,)  haye been recognlzed  during this survey.

All fig-wasps were  associated  wjth  only  a  single species  of  fig, suggesting  extreme  host specificity.  All fig species

have their own  pollinators (Agaoninae), while  there are  eonsideTable  differences on  the species  rich"ess  of

non-pollinating  fig-wasps among  fig species.  Eight out  of  9 species  of  wasps  belonging to Epichrysomallinae or

Otitesellinae werc  obtained  from 3 speeies  ofmonoecious  figs and  all but one  dioecieus fig did not  have any  wasps

frorn these subfamilies. Thesc  facts agree  with  preyious  observations  which  lead to the recent  hypothesis that

dioecious  figs evolved  tinder the selectiye pressure  of non-pollinating  fig-wasps. However,  the hypothesis should

be confirmed  with  further studies  about  the ecology  of  nofi-pollinating  fig-wasps. Factors which  may  affect

differences in fig-wasp compositions  between Japan  and  other  Asian  regions  are  also  discussed,

Key  words:  Fig-wasp,  Agaonidae,

Introduction

dieecious  fig, monoecious  fig, `

  All species  belonging  to the  fig-wasp family (Agaonidae
sensu  Boueek, 19gS)  fully depend  on  figs (FVcus Moraceae)  a3

their food plants. They  show  considerable  degree of  host

specificity  and  almest  all the described species  are  recorded

from only  a  single  hest species  (Ramirez, 1970; Wiebes, 1979;

BeTg  &  Wiebes,  1992; Wiebes,  1994; but see  Rasplus, 1996),

Arnong  the  6 subfamilies  of  the family, Agaoninae has the

interesting ecological  fdature that almost  all members  of this

subfamily  are  species-specific  pollinators of  figs. The  cornplex

gall-forrner', Japan.

most  fig species  in this [egion  and  ineluding non-poilinating

wasps  which  haye not  received  eneugh  attention  until  very

fecently.  III]is kind of  extensive  survey  which  focused on  the

single  geographic region  has rarely  been conducted  (Hong
Kong: Hill, 1967b; Africa: Berg &  Wiebes, 1992). Although

many  species of fig-wasps are  still under  identification or  are

waiting  for description, we  believe that it is meaningfu1  to

report  the  fo11owing results  for understanding  the outline  of

species  relationshLps  of  the fig-wasplfig interaction in Japan,

Materials  and  Methods
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interactions between po{linating fig-wasps and  figs involving

insectlfoodplant and  poliinatorlplant  relationships  are  signifi-

cant  cases  of  coevo]utiofl  between  insects and  plants,

  To  study  the coevo]ution  of  theinteractions, basic knowledge

abollt  species  relationships  between  ftg-wasps and  figs is indis-

pensable. Although many  atternpts  have been  made  to show

which  species  of  fig-wasps are  associated  with  particular species

of  figs (e.g, Bouerek, 1988; Berg &  Wiebes, 1992; Wiebes,

1994), such  kinds of  study  have been 1imited so  far in Japan

(Ishii, 1934; Yokoyama  &  Iwatsuki, 1994), Thefefore it is

necessary  to collect  thc information about  species  relatienships

of  the  fig-wasplfig interaction to study  the coevolution  between

fig-wasps and  figS in Japan.

  In this paper, we  record  fig-wasps obtnined  from  14 out  ef the

15 species  of  figs distributed in Japan.  This  is the first extensive

survey  on  the  species  of  fig-wasps distributed in Japan covering

'
 Prese]t addressi  Departrnent of  EeoLogy  and  EvoLuti6nary Biolo-

 gy, Biological Institute, Gradllate Schoots of  Scienee, Teltoku

 University, Aramaki,  Aeba-ku,  Sendai, Mlyagi, 980-gj78  Japan.
'
 Present address:  Facu]ty of  Science, Rikkyo Un;versLty, Nishi-

 jkebukuro, Toshima-ku, Tokyo, t71-8SOt Japan.

  Collection loca]ities of 14 fig species (3 monoecious  a'nd  11

dioecious species;  iclentifications of  figs were  based on  Comer

(1965) and  Yamazaki  (1989)) and  their vollchers  are  listed in

Table 1, Voucher  specimens  are  deposited in the Herbariurn of

Biological Institute, Tohoku  University (TUS). The  collections

without  voucher  specimens  were  identified by comparing  with

specirnens  previously collected  by ene  of the authors  (JY) or
those  deposited in the Herbariurn  of  University  of  Tokyo  (TI).
A  total of  77 collectiDns  from 54 localities were  llsed  in this

study,  Syconia (urn-shaped infiorescences of  figs) of  the male

stage  before the fig-wasps began te emerge  (Phase D: Galil &

Eisikowitch, 196g) we;e  collected  from  the field and  kept in

plastic bags untll  fig wasps  emerged,  Fo[  meneecious  figs, SO-

1oo  syconia  from  each  crop  were  collected  to obtain  an  enough

amount  of fig-wasps inyolying rare  wasp  species. For  dioecious

figs, however, o-]y  S-ID syconia  were  usually  obtained  from
each  crop  bocause of asynchrony  of syconia  production among

trees. All fig-wasps were  presetved in 70%  ethanol  ufltil  further
observation.  Identification was  carried  out  with  observation  of

morphalogical  traits upder  a  light microscope  (Microphoto-
FX,  Nihon-Kogaku  Co., Japan) and  a scanning  electron  micro-

tlt/t`
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'Table1.
 Samples col!ected  in tbis  study.

Fig  species

 LecaHty  (No. ef  individuals)
Voucher

Moneecieus  figs

Rcus superha  (Miq.) Miq. yar.joponica  Mjq,

   Kanoya-shi,  Kagoshima  (1)
   Miyawaki,  Tammizu-shi,  Ksgoshima  (1)
   Yamattrsoll, Amami-eshima  Isl.,

   Kegosima  (3)
   Miyagi  Isl., Okinawa  C!)
   Agena,  Gushigawa-slii, Okinawa  IsL,

   Okinawa {2)
   Ohama,  Ishigaki Isl., Okinawa  (1)
   Kabira, fshigaki Isl., Okinawa (2)

E  cauiacarpa  (Miq.) Miq,
   Miyareg Ishigaki Isl., Oklnawa (2)
   Ishigaki-shi, Ishigaki Isl., Okinawa  (2)

E  microcatpa  Linn. t

   Naze-sbi, Arnarni-oshima  Isl.,

   Kagoshima <1)
   Nishihsra, Okinawa Isl., Okinawa  (1)

   Agena, Gllshigswa-shi, Okinawa  Isl,,
   Okinawa  Cl)
   Ishigald-shi, Ishigaki Is]., Okinawa  (1)

   Tomino, Ishigalti Isl., Okinawa (2)
Todoroki-gawa,  Ishigaki Isl,, Okinawa  (1)
MLharu-Funaufa,  Iriomote Isl.,
Okinawa  Cl)

Dioeci6us  figs

E  niju)enica  Franch. et Savat.
   Mt.  Takatori, Zushi-shi, Kanagawa  {1)

E  thunbergii Maxim,
   Naze-shi, Amami-oshima  Isl.,

   Kagoshima  (1)
   Yona,  Kunigami-sen.  Okinawa  Isl.,

   Okinawa(1)

E  pumiia  L.
   Naze-shL, Amami-eshima  Isl.,

   Kagoshima  (2)
   Urasoe-sh{, Okinawa Isl., Okinawa {1)

E  erecta  Thunb.  ex  A.  Murray

   Hakusafl, Bunkyo-ku, Tokyo (2)

   Shimoda-shi, Shizuoka  (1)
   Aoshima, Aoshima-shi, Miyazaki  (1)
   Hi.rata-Asato, AmamL-eshims  Isl.

   Kages]iima (1)
   Beneki, Kunigarni-son, Okinawa Is].,
   Okinawa  (1)
   Yona, Kunigami-son, Okinawa Isl.,
   Okinawa  {1)
   Mt. Banna,  Isbigaki Isl., Okinawa  (1)

;. Yokoyama  S305

noneJ.

 Yokoyama  4931

noneJ.

 Yokoyarna  S32S

noneJ.

 Yokoyama  S285

J. Yokoyama  52Sl

J. Yekoyama  S2SO

noneRyukyu

 Uniy.

(eult.)J.
 Yekeyama  5326

noneJ.

 Yokoyama  5260,
5261neneJ.

 Yokoyama  et  aL

S224

J. Yekoyarna  5298

J. Yokeyama  5345

J. Yokoyama  et aL

5201

J. Yokoyama  5310

J. Yokoyama  S319

E  beninsimae KoLdz.

   Hatsune, Chicdiima Isl,, Bonin tsIs,,
   Tokyo (1)
   Asahidaira, Chichijirna Isl., BonLn  Isls..

   Tokyo  (1)
   Mt,  Chue,  enichijima Isl., Bonin  ]sls.,

   Tokyo  {1)

   Mt, Chibusa, Hahafima Isl,, Benin Isls.,
   Tokyo (4)
E  iidaiana Rehder  et Wilsen

   Sekimon,  Habajima  lsl.. Bodn  lsIs.,

   Tokyo (1)
   Uehu-zawa,  Hahajima  Isl,, Bonin  Isls.,

   Tokyo  (1)
E  ampeias  Burmann  fi1.

   Naha-shL  Okinawa  Isl., OkLnawa  (2)
   Yona,  Kunigami-son, Okinawa IsL.
   Okinawa (3)
   ShLrahama, triomote Isl.. Okinavva  (1)

E  virgata  Reinw. ex  B]ume

   Yohuke,  Nago-shi, Okinawa  Isl.,

   Okinawa  (1)
   Maegaki,  Yagachi  IsJ., Okinawa (1)
   Mt  Banna,  Ishigalti Isl,, Okinawa  (2)
   Yenehara,  Ishigaki IsL, eklnawa (2)

E  variegata  Blume*

   Mt. Banna, Ishigaki Isl,, Okinawa (2)
   Yenehara,  Ishigaki Jsl., Okinawa  (3)
   Mt. Omoto, Ishigaki Is],, Okinawa (1)
   Iriomote ls]. Okinawa  (1) ,

E  benguetensis Menill

   Sato, Amami-oshima  Isl., Kagoshima  (1)
   Yona,  Kunigami-son, Oktnawa  Is].,

   Okinawa  (1)
   ML  Yonaha,  Okinawa  Isl,, Okinawa (1}
   ML  Banna,  Ishigaki Isl., Okinawa  (1)
   Urauchi, Irtornote Isl. Okinawa (1>

E  septica  Burmann  fi1.

   Maegaki, Yagachi  Is]., Okinawa  (1)
   Mt.  Banna,  Ishigaki Isl., Okinawa  (2)
   Sukuchi, IshLgaki Is]., Okinavva (2)
   Komj,  Iriomote Is]., Okinawa  (1)

J. Yokoyama  et aL

92-elgJ.

 Yokoyama
93roo9J.

 Yokoyama
93-O04J.

 Yokoyama  &
M.  Ito 92-024, 92-
onS, 92-02B, 92-039

J, Yekoyama  &
M.  Ito 92-101

J. Yekoyama  &
M.  Ito 92-102

J. Yekoyama  4943

J, Yokoyama  5367

none

J. Yokoyama  S32e

J. YokoyEma  S321

J, Yokoyama  S271

none

J. Yokoyama  5270

noReJ.

 Yokoyama  S374

J. Yokoyama  S23S

noneJ.

 Yokoyama  S280

J. Yokoyama  S2i2

noneJ.

 Yokoyama  4963

J. Yokoyama  5322

J. Yokoyama  5373

noneJ.

 YokeyEma  5223

  
*:

 Corner (196S) recognized  5 varLeties  in E  vatiagata  and  the

    Japanese populatjon was  treated  as  E  v.  var.  garciae (Elm.)
    Corner. As  YEmazaki (1983) pointed  out,  however, leaf

    characters  of  specimens  cellected  in this study  agree  with  those

    of  E  v. vsr. sycomeroides (Miq.) Corner. Based on  Liu &

    LLao's (1976) descriptio", the  Taiwanese  popu]atien seems  to be
-
 intermediate states  between  E  v. var,  garciae end  E  v. var.

    sycomoroides. Tl]erefore, here we  did n'ot  foYow  the  Corner's

    yarLety-leye]  taxonomic  treatment,

[
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Bot. Gard., Univ.
of  Tokyo  (cutL)
noneJ.

 Yekoyama  4886

noneneneI.

 Yokoyama  5366

J. Yokoyama  S372

scope  (JSM-820S, Nihen  Denshi Co,, Japan) and  comparing

with  descriptions in original  publications and  monographic

studies  (eg. Grandi, 1930; Wiebes,  1963, L967, 1980, 1994;

Ulenberg & van  Pelt, l985).

  Subfamilial criteria  of  Agaonidae and  generic categofies  of

non-pollinating  fig-wasps were  based on  Boueek  (1988) and  the

generic  sulHiivision  of  heterogeneeus Blastophaga sensu  lato

was  based on  Wiebes  (1994), AII specimens  ef  fig-wasps used

in this study  are  lodged in the  Biological Institute, T,ohoku

University.

Results

SPecies compositions  of]Zg-wasp assemblages  in Japan

  Species of  fig-wasps obtained  in this study  afe  listed in Table

2. A  total of38  species (including unnarned  
`speeies')

 Tepresent-

ing 4 subfamilies  of  Agaonidae, Onnyridae, and  Eurytomidae

were  recognized  from 14 species of  fig. All specimens  examined

in this study  were  listed in Appendix  1. Each  fig-wasp species

was  obtained  f[om a  single species of  fig, suggesting  extreme

･.--
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Fig-wasps from  Japan

Table 2. Fig-wasps recoTded  in this study  and  their  association

   with  figs.

JViebesia callida  (Grandi)
(=Blastophaga caUida  Grandi)

Fig specles

 Agaeninae  (pollinating fig-wasps)non-poMnating
 fig wasps

E  thunbergii  Maxim.

  Miebesia sp. 1

r!tliil/lll
''

i]IG

u
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Monoecious figs

 ficus superba  (Miq,)
 Miq. varjaponica  Miq.

   Platyscapa ishiiana (Grandi)
   ( =Blastophaga ishiiana Grandi)

E  caulocarpa  (Miq,) Miq,

 Ptatyscapa jiScheri Wiebes

E  micracarpa  Linll. [

 Eupristina (Paraprtstina)
 yerticitlata Watersten

Dioecious figs

 E  nipaonica  Franch. et Savat,

Sycoryctinae

 Phiiatr)pesis sp.'1

 bycoscopter sp.  1

Otiteseliinae

 Otitesella ako  Ishii
Epichrysomallinae

 Acophila mikii  Ishii

 Camarothorax  sp.  1

OtitesellLnae

 Otitesella clarae  Wjebes

Epichrysomallinue

 Camarothmu  sp, 2

Sycoryctinae

 Philotmpesisokinavensis
 Ishii

 Sycoscaptergojimaru (Ishii)
Otitesellinae

 VVlalkerella yashiroi (Ishii)
 ('-'Otitesella yasfiiroi Ishii)

Epichrysoma]]inae

 Odontqfiz)ggatia gojimaru
 IshiL

 OdontojFoggatia galili
 WiebesOther

 families
OrmyrLdae

 Ormyrus  sp.  1

Eurytomidae

 S,cophila sp. 1

E  pumita  L.

  FViebesia pumiiae  (Hi]1)
  ( :Blastophaga

 putnilae Hill)

E  erecta  Thunb.  ex  A.  Murray

 Biastophaga (B.) n44,onica
 Grandi

E  boninsirnae Koidz.

 Biastophaga (B.) sp.1

E  iidaiana  Rehder  et  Wilson

 Btastophaga (B.) sp.2

E  ampelas  Burmann  M,

 Kradibia sumatrana  (Grandi)
  (=Blastophaga sumatrana  Grandi)

E  virgata  Reinw. ex  Blume

 Liporrhopalum  phil41pinensis HM

E  variegata  Blume

 Ceratoselen (C) qm)endicuiatus
  (Mayr)

E  benguetensis Mcrri11

 Cerettosolen (RothrTupus) comutus

  WiebesE

 septica  Burmann  fi1.

  Cerutosolen (C.) bisutcatus
 jucundus Grandi

  ( =  Cera tosolen  jucundus Grandi)

39

'
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Sycoryctinae

 twcoscapter inubiae (Ishii)

Sycoryctinae

 Flihilotmpesisjacobsoni
 Grandi

 S,coseapter sp.  2

Sycoryctinae

 Rhiloti]lpesis sp.  2

 S,coscapter sp. 3
Epichrysomallinae

 Neosycophila sp. 1

Sycoryctinae

 Apoctxpta caudata

 CGirault)

Sycoryctinae

 PhilottJlpesis sp.  3

Sycoryctinae

 Apocopta sp. 1

 Philottypesis spinipes Mayr

                                                t

species-specificity  as  reported  in previous studies  (e,g. Wiebes,

1963, 1994; Ramirez, 1970). All but one  host fig records  ef

exactly  identified fig-wasp species  in this study  were  consistent

with  previous [eports  (from Japan, see  Ishii, 1934: from

other  region  of Asia, see Appenclix  2). The  only  exception  is

Liporrhopalum philLpLpinensis which  was  obtained  from ficus

virgata  Reinw. ex  Blume  var.  virgata  in this study,  though  this

species  was  previously recorded  from R'cus virgata  var.

philippinensis (Bur.) Corner and  Rcus  virgata  var,  virgata  had a

record  ofits own  pollinator, L. virgatae  (Hill, 1969). However,

the morphological  differences between E  virgata  vaf.  virgata

and  E  virgata  var.philippinensls  pointed  out  by Cerner (19S9)
are  sometimes  ambiguous  (Yarnazaki, 1983) and  the subdiyi-

sion  ofE  virgata  into these two  varieties  is in need  of  further
reinvestigation.

  Fourteen  species  of  Agaoninae representing  the species-

specific  pollinators of  all  fig species  examined  here  were

identified. Among  them,Platyscapafischeri,  Liporrhopaiumphil-

ippinensis. and  Ceratosolen cornutus  are  newly  recorded  from

Japan. Agaoninae  obtained  fromE  boninsimae andE  iidaiana

might  be undescribed  species  which  should  be closely  related  to

BJastophaga nipponica  based on  morphological  characters.  The

wasp  collected  from  E  thunbergii was  also  considered  to be
undescribed  and  should  be closely  related  to JViebesia pumilae

(==Blastophagapumilae).
  Six species  of  Epichrysomallinae and  3 species  of  Otitesel-

linae were  obtained  in this study.  Odontqfrqggatia gatiti

(Epichrysomallinae) and  Otitesella eiarae  (Otitesellinae) were

newly  recorded  from Japan. Records of  the genera  CZimarotho-
rax  and  IVeosycophila are  also  new  to Japan. All rnonoecious  fig

species  exarnined  here (Fl superba  vaT.J'aponica,  E  caulocarpa,

and  E  microcarpa)  have at  least one  species  of  Epichrysomal-

linae and  one  species  of  Otitesellinae. In contrast,  epichrys-

omallid  wasps  were  not  found in all but one  species  of

clioecious figs and  no  otitesellid  wasps  were  obtained  from

dioecious fig species  examined  in this study.

  Thirteen species  of  Sycoryctlnae were  recorded  in this study.

Philetmpesis  iacobsoni, Philotmpesis spinipes. and  ApoctJtpta

caudata  were  new]y  recorded  from Japan, Sycoryctinid wasps

were  found in both monoecious  and  dioecious figs but were

not  found  in 6 species  of  fig (E caulocarpa,  E  nippgnica,  E

thunbergiL  E  pumila,  E  boninsimae. and  E  iidaiana).

lt.
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 Outside of  Agaonidae sensu  Boueek  (1988), Onnyrus  sp.

(Onnyridae) amd  Sycophila sp, (Eu[ytomidae) were  obtained

from  E  microcarpa  They  were  also  obtained  from  fig syconia

ef  this species in previous studies  (Boueek et  aL.  1981; Bolleek,

198S).

opecies richness of non:pallinating  jig-wasps on  monoecious  and

dioeciousjigs

  Dioecieus figs examined  in this  study  have  slmpler  non-

po1linating fig-wasp faunae than those of monoecieus  figs

(Mann-Whitney test: U=2,  p <  O.OS). The  difference in species

richness  of fig-wasp  fauna  between  monoecious  and  dioecious

figs is due to the  occurrence  of  epi ¢ hrysomallid and  otitesellid

wasps  as  mentioned  above  (Mann-Whitney test fbr the richness

of  these two  subfamMes:  U=O,p<O,Ol),  In contrast,  the[e are

no  obyious  differences in the species  richness  of  sycoryctinid

wasps  between menoecious  and  dioecious figs (U=11.5,
p>O.OS).  It is notewoTthy  that the dioecious  figs whlch  2re

endemic  to the  Bonin  Islands  (E bDninsiinae and  E  iidaiana)

and  those  belonging to the  section  Rhizocladus (E n4u)onica,  E

thunbergii, and  E  pumila: Corner, 196S) have no  records  of

non-pollinating  fig-wasps in this study.  Thus  these species  have

the simplest  systems  (oniy consist  ofa  host fig and  a  pollinator)

among  kAown  fig-wasplfig interactions.

Discussion

Fbcters qffecting dij7lerences [V'jZg-wasp  compositions  among

dCfi2irent regions

  Although  the results  are  stM  preliminary,  this is the first

extensive  survey  on  the fig wasp  fauna  in Japan. Cornparing

with  previous reports  (e.g. Wiebes,1966,  1994; Bou6ek,  1988),

considerable  differences of  species  composition  of  fig-wasps

between Japan and  other  regions  were  observed  in some  fig

species  (compare Table  2 and  Appendix  2). For  example,  in

case  of  epichrysomallid  and  otitesellid  wasps  obtained  from E

micrvcarpq  we  found 2 species  of  Odontoj)iaggatia and  FPlalke-

rella  yashiroi (Table 2) during this survey.  In contrast,  Boueek

(198S) reperted  Acophila spp.,  lipichi:psomalta sp.,  2 species  of

Odontqf)oggatia (including l species  which  could  not  be found
in our  survey),  and  2 species  ef  ualkerella (both different from

PZ  yashiroi) from  E  microcarpa  in the  Australasian  region

(including Australia, New  Guinea, New  Zealand,  and  adjacent

islands). At  least three factors rnay  account  for the differences

of  species  composition  observed  among  difflerent populations of

the same  fig species.  First, some  species  of  fig-wasps  were  not

collecled  due to the  inadequate sampling  during this survey.

Compton  &  Hawkins  (1992) provided  species-recruitment

curyes  for fig-wasps on  16 So'uth African fig species.  Their

[esults  indicated that, en  5 speeies  of  fig, numbers  of  fig-wasp

species were  not  saturated  even  when  10 or  more  individuals

were  sampled.  In our  survey,  less than  10 indMduals were

collected  from each  fig species  except  E  superba  var.japonica,

Thus  some  species of  fig-wasp may  not  have  been found during

this suryey  though  we  ;ntended to collect  samples  extensively

fram the distribution area  of each  species in Japa". Sorne

epichrysomallid  wasps  known  from E  microcarpa  of other

regions  are  the  most  probable  candidates  for undiscovered

species  in Japan. Based  on  the  Compton  &  Hawkins'  (1992)
[esult,  however, on  figs which  haye less than  5 species  of

fig-wasps, the  specics-recruitment  curves  were  saturatedi  afber 3

trees were  sampled,  Thercfo[e, at  ]east in the cases  ofdioecious

figs, fig-wasps listed in this survey  probably represent  the exact
faunal compesition  ef  fig-wasps on  each  fig species in Japa".

  Second, some  fig-wasps recorded  from  other  regions  could

not  be obtained  because they  have not, colonized  Japan for

various  reasons.  Japan  is the  nerthern  limit of  distribution of

fiilrus in Asia. Thus  relatiyely  low temperatures  in winter  may

affect  the  surviva]  of  fig-wasps directly (e.g. by preventing
overwinterings)  oT  indirectly (e.g, due to decreasing food

supply  with  less syconia  productlen  in particular periods

(Anstett et  aL,  1995)), For example,  Wiebes (1980) described

3 new  species  of  Odontqfi,qggatla from E  microcarpa  in the

Malay Peninsula ar)d  the  Solomon Islands. Atl  these species

were  also  reported  from Papua New  Guinea by Boueek  (19S8:
but host records  were  diffk rent  f[om the  original  deseription; all

species  were  also  obtained  frorn E  prasinicarpa Elmer.).

Among  them, however, only  O. gatili was  recorded  during this

survey.  E  microcarpa  has been introduced to many  regions  and

sometimes  its fig-wasps, including Odentqfroggatia. have also

establlshed  themselves  outside  their natural  distribution area,

In Israel, O. galili i habits tlie introduced E  microcarpa  but the

other2species  do not  eccur  the[e (Wiebes, 1980), One reason

why  these 2 species  were  not  observed  in Japan may  be the

occurrence  of  competition  for resources  with  the other  Odon-

tof)'oggatia species, O, gojimaru  (if O, gojimaru is the sister
species  of  O. ishii, the  difEerence in faunal  composition  may

have occurred  by allopatric speciation,  see  below). Taking  the

case  in Israel into account,  however, a  more  plausible reason

may  be that they have less ability  to colonize  seasonal  environ-

ments  than  a  galiii. Lack  of  some  Sycophaginae  or  Syc-

oryctinae  recorded  frem E  variagata  in Japan  may  be for the

same  reason  (Appendix 2),

  Thjrd, the  allopatric  speciation  of  fig-wasps might  oc ¢ ur

among  local populations of  particular fig species.  In case  of

PFizlkeretla spp,  onE  microcarpa,  for example,  BouEek  (1988)
reported  PlktlkereUa kurandensis which  is very  close  to VVC

yashiroi from Queensland, Australia. He  also  notecl  that there  is

another  species  of  Wblkerella which  is also  very  similar  to

PVblkeretla kurandensis in the Papua New  Guinean  population
of  E  microcarpa.  The  most  plausible explanation  to the fact

that each  local population of  E  micreearpa  is occupied  by

different, bttt very  similar,  species  of  rvinlkerella is that they

speciated  from  a  single  ancestor  by geographic isolation. Difi

ference of  Sycophaginae and  Sycoscapter speeies  from

E  variegata  between Queensland and  Jaya also  may  be ex-

plained by the  allopatric  speciation  (Appendix 2). Such mode

of  speciation of  fig-wasps may  be in pregress  on  some  ether

fig-wasplfig inteTactions, especially  on  Agaoninae (pollinating
wasps)1fig  Telatlonships  (e.g. E  septica  is pollinated by C.

bisulcatus bisulcatus (Mayr) or  C  b. jucundus, The  former is

distributed in Indonesia and  New  Guinea  and  the  iatter is in
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Fig"wasps from  Japan

Malaysi4 Philippines, Taiwan, and  Japan (Wiebes, 1994; Yoko-

yama  &  Iwatsuki, 1994). For other  instances, sec  Rasplus

(1996)).
  Which  factors are  important to  account  for the observed

differences ef  faunal composition  of  fig-wasps rnay  depend on

the case.  Furtherstudies (e.g. extensive  faunal surveys  in Japan
and  adjacemt  Tegiens,  ecological  inyestigation of  fig-wasps them-

selves  and  fig-wasplfig interactions, and  phylegenetic relation-

ships  of  fig-wasps) will  be nceded  to probe the  important factor

in eaeh  case,

Simple YZg-wasp compositions  on  dioecious jZgs

  This study  indicates that dioecious  figs have fewe[ non-

pollinating fig-wasps than  rnonoecious  figs. The  simpleT  faunal

compositions  of  fig-wasps observed  on  dioecious figs were  also

pointod out  in previous studies  (Cerlett et al.. I990; Compton  &

Hawkins, 1992; Kerdelhue &  Rasplus, 1996b). Since dioecious

figs are  considered  to be advanced  g[oups  which  evolved  from

monoecieus  figs (Corner, I962; Ramirez, 1980; Berg, 1990),

these  facts mean  that the  numbers  of non-po]linating  fig-wasps

were  reduced  in the course  of  eyolution  of  figs from monoecy  to

dioecy. It is still uncertain  why  dioecious figs usually  have a

simpler  fig-wasp  fauna than  monoecious  ones.  Recently Kerdel-

hue &  Rasplus  (1996b) proposed  the hypothesis that dioecious

figs eyolved  under  the  selective pressure  of  non-pollinating

fig-wasps, The multi-layered  arrangement  of  female flowers in

sycellia  of  monoecious  figs proyiaes the niche  for non-

pollinating fig-wasps, Especially the  medium  layers comprising
female flowers with  an  intermediate style  length (Kerdelhue &

Rasplus, 1996b)  are  frequently occupied  by 
'gall-formers'

 in

which  EpichrysomaMnae, Otitesellinae, Sycoecinae, and  Syco-

phaginae (latter 2 subfarnilies  were  not  recorded  in this study)

are  includod (Compton &  Nerat, 1990; Cornpton &  van  Noort,
1992; Kerdelhue &  Rasplus, 1996a). According to  the  hypoth-

esis, the  clevelopment  of  perfect heterostyly which  is observed

in extant  dioecious  figs can  reduce  the costs  for being parasitiz-
ed  by 

`gall-formers.'
 In Asian species,  however, since  there is

almost  no  information about  tbe  ecology  of  non-pollinating

fig-wasps and  thcir patterns of  resollrce  use  or  niche  separation

among  species,  it is uncertain  whether  reduction  of flower
layers with  evolution  of  complete  heterostyly has been directly
linked with  a  reduction  of  the gall-formers' niche.  Futther-

more,  the yalidity  of  the  hypothesis remains  to be confirmed

with  more  information about  for exaTnple,  parasitizing rate  (or
relative  effect)  of  each  non-pollinating  fig-wasp to particular fig

specjes  or  the habits of  gall-fOrmers parasitizing dieeeieus figs.

Since there are  some  d;oecious fig species whioh  haye a  relatiye-

ly rich  fauna of  non-polllnating  ftg-,wasps (e.g, E  aTnpelas  or

E  variegata  outside  Japan, see  Appendix  2), other  factors
affecting  species  richness  should  be considered  for a  complete

understanding  of  simple  fauna of  non-pollinating  wasps  in
dioecious figs. Further studies  investigating t.he ec:o]ogy  und

   'spectes
 interactions of  non-pollinnting  fig-wasps, their eeologi-

cal  re]ationships  to pollinating wasps,  and  eco]ogy  of  host  figs

are  strongly  required,

  In this stucly,  we  found that dioeciolls figs in the Bonin
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Islands and  thosc  of  section  Rhizoeladus do  net  have any

non-pollinating  fig-wasps. In the forrner cases.  the reason  why

they lack non-pol]inati]g  fig-wasps may  be simple.  Since the

Bonin tslands are  the typical oceanic  islands which  are  located

about  900 km  south  off  the mainland  Japan, they haye peor

insect fauna including less than  800  recorded  species  (Kato,
1991). Although inyestigations of  hymenopteran  fauna in the
Bonin  Islands  are  stM  insuMcient, there are  no  Tecords  of

Chalcidoidea except  Blastophaga, the pollinating fig-wasps, so
far frorn the islands. On  the other  hand, fig species  belonging to

the sarne  sections  (sect. ficus) have at  least one  species  of

non-pollinating  fig-wasp  (E erecta,  the putative  closest.relative,

has bycoscapter inubiae (Ishii) (Sycoryctinae) atid  Kerdelhue &

Rasplus (1996) reported  that 2-3 species of  non-pollinating

fig-wasps were  observed  in 2 fig species  ofsect, FVcus), Thus the
absence  of  non-pollinating  fig-wasps in endemic  fig species  of

the Bonin Islands may  be solely  caused  by  their failure to

rnigrate  to the islands,

  On  the other  hand,  why  the figs frem sect.  Rhizocladus have

no  non-pollinating  fig-wasps is unknown,  There could  be some

mechanisms  fbr avoiding  parasitisms by non-pollinating

fig-wasps (especially sycoryctinids).  Partieular chemical  sub-

stances  rnay  be the most  plausible candidates.  
"
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Appendix 1. Specimens  examined  in this study

Fig-wasps from  Japan

Family Agaenidae

 SubfamilyEplchrysomal1inae
  Acophila itrikii  Ishji
Acophila mikii  Ishii, l934, Kbntyfi, 8: 9f-9S,

specinTens exait:ined, ov, Agena, Gushigawa-shi, Okinawa Isl., Oki-

 nawa,  I. VI. 1993.

Hest-ptant, Rcus  superba  (Miq,) Miq, yar.juponica  Miq.

  Camarothorax  sp,  1

specimens examined.  ny, Miyawaki,  Tarumizu-shi, Kagoshima, 29, V,

 1993; 3\, Yamato-son, Amami-eshima Isl,, Kagosima, 20. V, 1991;

 12\3aZ, Yamato-son,  Amarni-oshima  Isl., Kagosima,  3e. V. 1993;

 14, Agena,  Gushigawa-shi, Okinawa  Isl., OkLnawa, 1. YI. 1993; 7\3

 U", Miyagi Isl,, Okinawa,  1. YI. 1993; IS4, Ohama, Ishigaki Isl.,
 Okinawa,  6. YII. 1992.

Hbst-plant, R'cus superba  (Miq.) Miq. yar.j'aponica  Mig.

  Camarotherax sp, 2

specimens examined.  9\3ti", Miyara, Ishigaki Isl., Okinawa, 18. VII,
 1993.Host-plant.

 Rcus caulocarpa  (Miq.) Miq.

  IVbosycophila sp. 1

specimensexamined. 2di, Yohuke, Nago-shi, Okinawa Isl., Okinawa, 2,

 VI. 1993; 1\, MaegakL  Yagachi  Isl., Okinawa,  2. VI. I993.

Htxstplant Ficas virgata  ReLnw. ex  Blume

  Odontopeggatia gojimaru Ishii
Odontqfroggatia gojimartt rshli, 1934, Kontyfi. 8: 9S-97,

theciemens examined,  7\ld", Naze-shi, Amami-oshirna  Isl,, Kago-

 shima,  22. VI, 1991; 2\2cri, Ntshihara, Okinawa  Isl., Okinawa,  4.

 VII. 1991.

Hbstiplant. Fl'cus microcarpa  Linn. f.

  Odontqfhoggatia galiti WLebes

OdontojYoggatia galili Wiebes, 1980, Zool, Meded.  Leiden, 56: 3-5.

 specimens examined.  4\la", NLsbihara, Okinawa  Isl., Okinavva, 4.

 VII. 1991; 3\, Tomtno,  Ishigaki Isl., Okinawa,  20. IX. 1992; 1\,

 Todoroki-gawa,  Ishigaki Isl., Okinawa, 22. IX. 1992; ZdM, IshigakL-
 shi, Ishigaki Isl., Okinawa,  2. VII. 1992; S?12U", Miharu-Funaura,

 Iriomote Isl., Okinawa, 1. VII. 1992.
Ebstplant. ficns microcarpa  Linn. f.

 Subfam"y  Otitesellinae

  Otitesetla ako  Ishii

OtiteseUa ako  Ishii, 1934, Kbntyfi, 8: 91L93,

opecimens examined.  17\, Kanoya-shi, Kagos])lma, 29. V, 1993; 24\,

 Miyawaki,  Tarumizu-shi, Kagoshtrna, 29. V. 199]; 12\, Yarnato-son,

 Amami-eshima  Isl., Kagosima,  20. V. 19911 34\lei, Yamato-son,

 Arnami-oshirna Isl., KagosLma,  30. V. 1993: 3S9, Ohama,  Ishigaki

 Isl., Okinawa, 6. VII.  1992; 144cr", Kabira, Ishigaki Isl,, Okinawa,

 21. IX. 1992.

Hbstplant. R'cussuperba (Miq.) Miq. var.j'aponica  Miq.

  Otitesella ctarae  Wiebes

Otitesella clarae  Wiebes,  1974, ZooL  Mlrded, Leiden, 48: 14B-ISO.

opecimens examined,  7\, Mjyara, Isbigaki Isl., ekinawa, 1S. VII. 1993;

 14, Ishigaki-shi, Ishigaki IsL,, Okinawa, 21, IX. ]992,

Host-plant. Mcus  cauieearpa  (Mig.) Miq.

  PPZ!tkoreUa yashiroi (IshLL)
Otiteselta yashitvi IshLL, 1934, Kent?fi, 8: 93-94.
uatkereUa  yasftiroi; Wiebes, 1967, Tijdschn Ent,, 11e: 439,

opecimens examined.  5\2a", Nishihara, Okinawa  Is],, Okinawa,  4. YII.

 t991; 2\, Tedoroki-gawa, Ishigaki Is]., Okinawa,  22. IX. 1'992,

Ifost-plant, fieus microcarpa  Linn. f.

43

 SubfamilySycoryctinae

  Apocr)pta caudata  (Girault)
Goningastrella caudatus  Girault, l915, Mem.  9d. Mus,, 4: 282.

Apocmpta  caudata:  HM,  1967, FZgs (Fie"s spp.) ofHeng Kbng  93.
Apocmpta  caudata:  Vlenberg  &  van  Pelt, 1985, Vbrh, Kon, IVled, Akad,

 FPlat. qtV. IVbtk. 2de reeks  83: ]36-139.

theciniens examined.  34e206", Mt  Banna, Ishigaki Isl., Okinawa,  3.

 VII, 1991; 43g3tf", Mt.  Omoto,  Ishigaki Isl., Okinawa,  21. IX.  1992.

Hbstplant, Ftrcus variegata  Blurne

  Apocr)Ipta sp. 1

specimens examined.  3\ldi, Mt. Banna, Ishigaki Isl., Okinawa,  6, VII.

 1992; 1\, Komi,  Iriomote Isl., Okinawa, 1. VII. 1992.
Hbstplant, rvcus septica  Burmann  fi].

  RhilotmpesisjacobsoniGrandi

Philotrypesisjocobsoni Grandi. 1926, TVeubia, S: 359.

opecimens examined.  26\, Naha-shi, Okinawa  Isl., Okinawa,  28. VI.

 1991.Hbstptant.
 R'cus arnpelas  Burmann  fi1.

  Philotmpesis okinavensis  Ishii

RhUotmpesis okinavensis  Ishji, 1934, Kontyfi. 8: 90-91,

opecimens exan:ined.  1\, Tomine, Ishigaki Isl., Okinawa, 20. IX. 1992;

 4e, Todoroki-gawa,  Ishigaki Isl., Okinawa,  22. IX. 1992; 14,

 Miharu - Funaura,  Iriomote Isl,, Okinawa,  1. VII. 1992,

Hbst-plant. ffcus micracarpa  Linn. f.

  Ph'itotrJtpesis spinipes Mayr

Philotr)v)esis spinipes Mayr,  IS8S, Yleth. ZooL  Bot. Geseltsch. WTen, 35:

 223-224.

opecimens examirted.  1\, Mt.  Banna,  lshigaki Isl., Okinawa, 6. VII.

 1992; 14\, Sukuchi, IshigakHs]., Okinawa,  21. IX, 1992,

Hest:piant. FVcus septica  Burmann  fiI.

  Phitotmpesis sp. 1

opecimens examined.  S\, Miyagi  Isl., Qkinawa, 1. VI. 1993.
Hestpiant. ncussuperba  (Miq.) Miq. var.j'aponica  Miq. .

  MilotoLpesis sp. 2

opecimens examined.  S?, Maegaki,  Yagachi  Isl., Okinawa, 2, VI. 1993;

 5\2d", Mt. Banna,  IshigakHsl., Okinawa,  22. IX. 1992; 4g, Yone-

 hara, Isbigaki Isl., Okinawa,  21, IX. 1992.

Hostplant  irrcus virgata  Reinw.  ex  Blume

  PthylotrJtpesis sp.  3

opectmens examined.  13\, Sato, Amami-oshima  {s]., Kagoshima,  22.

 VI. 1991; 11?38', Yona, Kunigami-so4 Okinawa Isl.. Okinawa, 27.

 VI, 1991; 23?, Mt, Banna,  Ishigaki Isl,, Okinawa,  3. VII, 1991; 109

 2oi, Ufauebi, Iriemote Isl,, Okinawa,  2. VII, t992.

HostvlanL  Eictts bengaetensis MerrM

  sycoscapter gojimant  (Ishii)
Goniogaster gojiniaru Ishii, 1934, Kentyfi, S: g9.

Sycoscapter gojimaru: Wiebes, 1964, IVova Guinea ZooL.  26:  83.

opecimens examinea  7\,  Agena,  Gushigawa-shi, Okinawa  Isl., Oki-

 nawa,  14. VII. 1993; 13?, Tomino,  Ishtgaki Isl., Okinawa,  20. IX.

 1991; 2g, Todoroki-gawa. Ishigaki Isl., Okinawa,  22. IX, 1992.
Hbstplant. fl'cus micrvcarpa  Linn. f,

  sycoscapter inubiae  (Ishii)
Goniegaster inubiae Ishii, 1934. Kontyfi, 8: 87-8g.

S,coscapter inubiae: Wiebes. 1964, IVeva Guinea ZooL, 26: 83,

opecimens examined  23\3e,  Hakusan, Bunkyo-ku,  Tokye, g. VI,

 1993; 22?4ti", Shimeda-shi, Shizuoka, 23. V, 1993; 7\8ti], Hirata-

 Asate, imamt-oshima  Isl., Kageshima,  22. VI. 1991; 3\6EE", Benoki,

 Kunigami-son,  Okinawa  Isl,, Okinawa,  2, YI, 1993; 2\2tia, Yena,
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 Kunigami-son, Okinawa Isl., Okinawa, 17. X. 1993; 2S?2ti", Mt,

 Bann4  Ishigaki Isl., Okina"fa  17. VII. 1993.

Hbs-ptant  FictLs erecta  Thunb,  ex  A.  Murray

  bycascapter sp, 1

opecimens examined,  2\, Yarnate-son, Amami･oshima  Isl,, Kagosima,

 23. VI. 1991; 2g, Agena,  Gushigawa-shL Okinawa  Jst,. OkLnaweg  1.

 VL  1993; 1\Sti". Agen4  Gushigawa-sh;, Okinewa  Isl., Okinawa.  19.

 VII. 1993; 3?, Ohama, Ishigalti IsL, Okinawa, 6. VII. I992.
Hbstplant, ficus ffuperba  (M;q.) Miq.  var,J'aponica  Mig.

Hbstplant, Ficus septica  Bumann  M.

  Cerarasolen (Rothmpus) cemutus  Wiebes

Ceratasolen cornuttJs  Wiebes, 1994, Proe Kon. IVleti. Akad. I+'et. 97:

 12}-130,

opecimens examinedi  12\S8', Setq  Amaini-shima  ls1., Kagoshima,  22.

 VI. I991; 4\Sti", Yena, Kunignmi-son, Okillawa Isl,, Okinaw4  27･

 V[. I991; 31\6f', Mt,  Yonaha,  Okinawa Isl., Okinawa, 30. VI, 1992;

 2594ti". UrauchL  1riernote Isl. Okinawa,  2, VII. I992.

Hdstpiant, FVcus benguetensis Menill

s/

  bycoscapter sp. 2

opecimens examined.  Sg, Yona,  Kunigami-son,  Okinavva IsL, Okinawa,

 17. X.  1993.

Hbs-plant, Ficos ampelas  Bunnann  fi1.

  thcascapter sp. 3

specimens examined  12\5ei, Yohuke,  Nago-shi, Okinawa  ]si., Oki-

 nawa,  2. VI. 1993; 144, Maegaki, YagachL  Isl., Okinawa, 2. VI. 1993;

 1\, Mt,  Banna,  Ishigaki Isl., Okinawa,  2e. IX. I992; 21\, Yoneha[a,

 Ishigaki ts1., Okinaw4  21. IX. 1992.
Hbst･ptant Ecus virgata  Reinw, ex  Blume

 Subfami]y Agaoninae

  Blastophaga  pa, ) niFvonica  Grandi

Blastophaga nipponiea  Grandi, 192],  Ann.  Mus  Stor, nat. Genova. 49:

 304-30S.

opecimens examined,  19"  Hakusan,  Bunkyo-ku,  Tokyo,  S, VI. 1993; 92

 ggc!, Hakusan,  Bunkye-ku,  Tokyo,  24. VII. 1993; 18\5dn, Shirneda-

 shi, Shizuoka, 23. V, 1993; 10\Son, Aoshima,  Aoshima-shi, Miya-

 zaki,  6. VII. 1991; 13\7di, Hirata-Asato, Amami-oshima  Is]. Kago+

 shima,  22. YI. 1991; 37\12tin, Benoki, Kunigffmi-son, Okinawa  Isl.,

 Okinawa, 2. VI. 1993; 6\2an, Yona,  Kunigami-son,  Okinawa  Is].,

 Okinawa,  17. X. 1993; 19?1ti", Mt.  Banna, Ishigaki lsL,Okinawa,  17.

 VII. 1993.
Hesrplanlt Ficus erecta  Thunb.  ex  A.  Murray

  Blastophaga  (B.) sp.  1

specimens exarnined.  23\Sd", Hatsune, Chichijima Is]., Bonin  Isls.,

 Tokye,  3. VI. 1992; 53S37a", Asahidaira, Chichijima Isl., Bonin  Isls.,

 Tokyo, 2. III, 1993; 34\28cr", Mt.  Chuo,  Chichijirna Is]., Bonin  Isls.,

 Tokyo,  26. II, 1993; 39\7d", Mt. Chibusa, Hahajima Isl., Bonin  Isls..

 Tokyo,  31. V. 1992; 40\37d", Mt  Chibusa, Hahajima  Isl,, Bonin

 Is]s,, Tekye, 28. II. 1993.

Hbstplant, Mctts boninsimae Keidx.

  Btastophaga  (B,) sp, 2
opecitnens e)vattrined, 49\78ci", Sekimon,  Hahajima  Isl,, Bonin  Ists.,

 Tokyo, 30. V.  1992; 5\3ti", Uchu-zawa,  Hahajirna fs,, Bonin  Isls.,

 Tokyo,  31. V. 1992.

Hbstplant. Ficus iidaiana Rehder  et Wilson

  Cizratasolen (C) airpendicutatus  (Mayr)
Blastophaga (Ceratosoten) qlzpendicutata Mayr,  188S, PlerhandL k  k
 ioaL-bot  Gesellsch. wren, 35: 164-166.

Cleratosolen mpendicutatus: GrandL, 192S, BolL Lab. Ent  Bologna, 1:

 I7e179.

opecimens examinedi  same  as  a previous repert  (Yokoyama & IwatsukL,

 1994).Hbstplant

 FTcus variegata  E]ume

  Ceratosolen (C) bisulcatusjucurrdus GrandL
Ceratosoten iucundus Grandi, 1927, Rhilip. .L  Sbi, 33: 320-323,
Ceratosoten bisuleatusjucundus: Wiebes, 1994, Ken, IVlrd, Akad, FPlet,,
 qtli. Mtk,  2de reeks,  92, 165.

opecimensexamined. same  as a previolls report  (Yokeyama &  Iwatsuki,

 1994).

  Eupristina Cfurapristina) verticillata Waterston

Eupristina verticillata  Waterston, 1921, BulL Ent. Res.. 12: 38-40 (\).
EuprEstina verticiUata:  Gfandi, 1926, fteubia, 8: 258 (ti").
Euprista oldnavensis  Ishii, 1934, Kbntya. 8: g5-87.

Blastophaga (1'tarapristina) verticillata: Hill, 1967, Zool. Vleth Leiden.
 89: 32-3S.

opecimens examined.  1\, Nisbihara, Okinawa Isl,, Okinawa, 4. VII.

 1991; 2\, Tomino,  lsbigalti Isl,, Oklnawa,  20. IX. 1992; S\,

 Toderoki-gawa,  Ishigaki Isl., Okimawa,  22. IX. 1992; 9\, Miharu-

 Funaura,  Iriomote Isl., Okinawa,  1. VII. 1992.

Hostvtant, Ecus microcarpa  LLnn, f.

  Liporrhopalum  philippinensis Hill

Liparrhopalumphitietpinensis H-,  1969. ZeoL  Vbrh. Leiden, 100: 7-11.

opeeitnens exatnined.  1146tii, Yohuke,  Naga-shi, Okinawa Isl,, Oki-

 ]awa,  Z, VI. I993; h"-, Maegaki,  Yagaehi  Isl., Okinawa,  2. VI. 1993;

 27-1crM, Mt, Bauna, Ishigaki Isl., Okinawa, 20. IX. 1992; 62?Sti",

 Mt.  Bannag Ishigak; Is]., Okinawa,  22, IX, 1992; 2S\, Yonehara.

 Ishigaki fs1., Okinawa,  !1. IX. 1992.

Hbst-ptant M'cns virgata  Reinw.  ei  B]ume  yar.  philippinensis (Bur.)
 Corner  (Hill, 1969);  Ficus virgata  ReEnw. ex  Blume  var,  virgata  (this
 study).

  Kradibia s"matrana  CGrandi)
Btastophaga sumatrana  Grandi. 192C  IVeubia. S: 152-351,

Kradibia sumatrana:  Wiebes, 1978, ZooL Meded.  Leiden. S3, 173,

opecimens examined.  sarne  as a  previous repert  (Yekoyama &  IwatsukL

 1994).Hbst-plant.
 ficus ampetas  Burmann  fi].

  Ptatyscapa ishiiana  (Grandi)
Blastophaga ishiiarta Grandi, 1923,Ann, Aiftis. civ.  StoL nat.  Genova. 61:

 101-102.

Piatyscapa ishiiana: Wiebes, 1977, IVleth. I  Zool., 27,  214-21S.

opecimens examined,  4843a", Kanoya-shi, Kagoshima,  29. V. 1993;

 19?15d", MiyawakL  Tarumizu-shi, Kagoshima,  29. V. 1993; 3\.

 Yamatoson,  Amami-eshima  lsl., Kagosjma,  2e. V, 1991; 4S\leX,

 Yamate-son, Amami-oshima Isl., Kagesim4 30. V, 1993: 4\, Agena,

 Gushigawa-shL Okinawa Is],, Okinawa. 1. VI. 1993; 7\, Ohama,

 Ishigaki Isl., Okinawa,  6. VII. 1992.

llbstplant FTeus superbQ  (Miq.) Miq, var.jmpenica  Miq.

  Ptatyscapa fischeri Wiebes

Platyscapafischeri Wiebes, 1977, Neth. J. ZooL. 27: 220, 222.

specirnens examined.  13?1IM, Mlyara, Ishtgaki Isl., Okinawa,  6. VII.

 1992; S9?Scl, Miyara, Ishigaki Isl. Okinawa,  18. VII. 1993; 2\1cr,

 Ishigaki-sbi, Isbigaki Ist., Okinawa, 20. IX. 1992; 2\, Ishigaki-shi,

 Ishigaki IsL., Okinawa, 21. IX, 1992,
Hostptant  FTcus caulocarpa  (Miq.) Miq.

  wrebesia cat{ida  (Grandi)
Blastophaga caUida  Grandi, 1927, BotL Sbc, Ent. iraL, 59: 18-24,
PPI'ebesia caliida:  Wiebes, 1994, Kon. Ned. Akad, Jijlet,, qfUL iVbtk,, 2de
 reeks, 92: 11e-111.

opecitnens examined,  76\18orn, Mt.  Takatori, Zushipshi, Kanagawa,  9.
 V.  1992,
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Fig-wasps frem Japan

Hbst-piant neus nipponica  Frallch. et Savat.

    PFiebesia pumilae  (Htlt)
Blastophaga pumiiae  HM,  1967, ZooL  VlerE Leiden, S9: 27-31,

ppTebesiapumilae! Wiebes, 1994, Kon. Ned. Akad. Pilat., tij2i. IVbtk, 2de

  reeks,  92: lll-112.

opecimens examined.  same  as  a  preyious report  (Yokoyama and

  Iwatsuki, 1994).

Hbst-plant. ficus pumila  L.

    waebesia sp.1

opecimens examined.  4\Scn, Nazeshi,  Ainami-oshima  Isl., Kagoshtma,

  12. VII. 1993; 2432cn, Yona, Kunigami-son, Okinawa Isl., Okinawa,
  29. VI. 1992.
Hostpiant. Mcus  thunbergii  Maxim.

Fami]y  Orrnyridae

    Ormyrus  sp.1

specimens exarnined,  14, Miharu-Funaura,  Iriomote Isl., Okinawa,  1,

  YII. 1992.

Hostptant. ncus microcarpa  Linn. f.

Family  Eurytomidae

  Subfamily Euryterninae

    sycophila sp.1

thecimens examined.  1?ld", Toaoroki-gawa, Isbigaki Isl., Okinawa,  22.

  IX, 1992.
Hbstplant. FVcus microcarpa  Linn. f.

Appendix  2. Distribution (outside Japan) ef  figs in thEs study,

    their  associated  fig-wasp species  recorded  ouiside  lapan and

    their kuown  distribution,

E  microcarpa  Linn. L

    Cey]on, India, south  China

    eastwards  through  south-east

    Asia and  Malaysia  te New

    BritHin, Australia  (Queensland,
    New  South Wales), Caroline

    Isl., Coeos  and  Christmas  Isl,

    New  South Wates), Caroline

    Isl., Ceces  and  Christrnas Isl,

Fig speeies

  Distribution area*1

Monoeeious  figs

  Hcus  superba  (Miq,)
  Miq. var,  j'epontca  Miq.

    Taiwan,  Hong  Kong,  China,
    Hainan, Indochina, Thailand,
    Ma]aya  (wegt coast).

    Associated fig-wasps

. gt.h.eiT distributien: ref.)

AgaenLnae

  Platyseapa ishiiana (Grandi)
    (Hong Kong: Hill, 1967a)
Epichtysoma-nae

  Acophila mikii  lshii

    (Hong Kong: Hill, 1967b)

  Camarethorax  sp.

    (Queensland: Beueek,

    198S)S2

n  ca#locarpa  (Miq.) Miq,

  Ceylon, ]owef Myanmar,  Agaontuae

  Thailand, Ma]aya  (Langkawi, Platyscapa Vischeri Wiebes

    (Phillppines: Wiebes,

Otitesellinae

  Otitesetla clarae  Wiebes

    (Philippines: Wiebes,

EpiehrysoTnallinae

  Acophila spFi.

    (Papua New  Guinea:
    Boueek, 19B8)

  Camarothorex  sp･

    (Papua New  Gdnea:
    Boueek,  19S8)*2

Other  fainilies

Ormyridae

  Ormyrus sp.

    (Papua New  Guinea:

     BouEek,  198g)

4S

1977)

1974)

Agaoninae

  Euprtstina (furaprtstina)
  verticitiata  Waterstoll

    (Ma]aysia, Sumatra,

    Philippines, Macao,  Hong

    Koilg: see  Wiebes  (1992))
    Philippines, Macao, Hong
    Kong:  see  Wiebes  (1992))
Sycoryctinae

  Philotr)Lpesis emer),i  Grandi

    (Surnatra: Gfandi, 1930)

Sycophaginae 
-

    According  to  Wiebes

    (.1966),Timberlake's
    (1922) reeords  of

    
'Idarninae'

 shou]d  be
    placed in this subfamily,

Otitesellinae

  JPlrlkereila kurandensis
   Boueek

    (Queensland; BouEek,

    1988)

  PPlalkerelia sp.

    (Papua New  Guinea:

    BouCek,  198B)

Epiehrysomalljnae

  Aeophila spp.

    (AustralasLanregion,
    Boueek, 19SB)

  EPichtvsomatta spp.

    (Australasianregion!
    BouCek,  19BB)

  Odontqfreggatia corneri
  Wiebes

    (Malaysia, Selomen  Isls.:
    Wiebes,  19SO;

    Chiirtt, Papua New
    Guineat  Boueek, 1988)

  Odontqfroggatia gojimarTt
  Ishii

    (China: Boueek,  19S8)

  Odontctfroggatia galiti Wieb.es

    (Israel*3, Ma]aysia;

    Wiebes,  1980; Papua  New

    Gnine4  Queens]and:
    Boueek,  lgsg)

  Odontqfroggatia ishii Wiebes

    (Malaysia: Wiebes, 1980)

Other  fatni]'tes

Ormyridae

  Ormyr"s  spp,

    (Hong Kong:  Timberiake,

    1922)

Eurytomidae
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Appendix  2.{Continued)
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Kg  species

  Mstribution area*1
 Associated fig-wasps

Ctheir distribution: ref,)

Dioecjous  figs

  E  nipaonica  Franch. et  Savat,

    Taiwan.  Koreeg  China, Vietnam,

    Myanmar,  Tibet, Assam,

    Silckim. Bhutan,

  E  thunbergii  Maxim.

    KoTea,  China  CSzechuan).

  E  pumila  L.

    Taiwan. China, north

     Indoch{na,

E  erecta  Thunb. ex  A. Murray

  Koreig  Taiwan  (Liu &  Liao,

  i976).

E  anrpelas  Bumsnn  M.

  Taiwan, Philippines, Sumatra
  (west coast  and  islands}, Javq

  Borneo  (?), Bali, Lernbek,

  Fleres, Timor, Celebes,
  Mo]uccas,  west  New  Guinea.

E  virgata  Reinw.  ex  Blurne

  Taiwan, Philippines, Celebes,
  Moluccas,  Mores, Alor, Wetar,

  Timor,  Key  and  Aru  Isl,, New

  Guinea,  New  Britain, Se]omon

  Isl., New  Hebrides,  New

  Caledonia, Queensla"d,
  Caroline Isl. {Ponape).

Evariegata Blume
Taiwan,  China,  nerth-east  India

te Myanmar, Indochjna, South
Andaman  Isl., PhMpptnes,

through  Malaysia  to Solomon
Isl. ani  Queens]and.*5

Decatoma  spp.  (;Spcophila?)
  CHeng Kong: TLmberla]ce.
  1922)

ne  Tecords

no  records

Agaoninae

  IViebesia p"milae  (Hll1)
    (Heng Kong:  Hitl, 1967eg
    Taiwan:  Ma  &  Wu,

    1989)

Agaoninae

  Blastophaga  {B.)nipponica
  Grandi

    (Taiwan: Grandj. 1927b)

Agaoninae

  Kradibia sumatrana
  (Grandi)
    (Surnatra: Grandi, 192fi;

    Jaya: Wiebes, 1994)

Syceryctinae

  PhilotmpesisjacebsoniGrandi

    CSumatra: Grandi, 1926)

Epichrysomallinae

  Neesycophila sp.

    (Sumatra (?): Grandi,
    1923)
Other  familLes

Eurytemidae

  spcophila sp. (?)
    (Sumatra (?)! Grandi,
    1923)

E  benguetensis Merri]1

  Taiwan,  Philippines

E  saptica  Burmann  fi1
  Taiwan,  Philippines, Sumat[a,
  Java, Borneo, Lesser Sunda  Isl.,

  Timor,  Celebes, Motuccas, New

  Guinea. Admiralty Isl,, New

  Britain, New  Ireland. Solomon

  Is]., New  Hebrides, Cruz  Isl.,

  Queensland.

    (Queensland: Girault,

    191S; Wiebes, 1966;
    Boueek,  !9SS)

  Eukoebetea  spinitatstts
  (May[) (?)*6
    (Java: Mmyr,  1885, 1906;
    wrebes, 1966)
Sycoryetinae

 4poeJMpta caudata  (Girault)
    (Queens}and:Gireult,
    1915; Wiebes. 1966;  Hong

    Kong:  HM,  1967b;
    Salamon  lsl,: UlenbeTg

    &  van  PelL 198S)

  Philotopesis bimacutata Mayr

    (Java: Mayr,  188S)

  opceseapterpateUaris (Mayr)
    (Jav2: Mayr,  18S5;

    BouEek, 19S8)

  spcoscaptersubaeneus
  (Girault)
    (Queensland: Girau]t,

    191S; Wiebes, 1966;

    Beueek,  1988)

Agaoninae

  Ceratosolen (Rethroptts)
  cornutus  Wiebes

    (Phj]ippines: Wiebes,  1994)

Agaoninae

  Ceratasolen {C ) bisuleatus
  bisuicatus (Mayr)
    (Java, Krakatau, Bali,
    New  Guinea: see

    Wiebes  (1963, 1994))

  Ceratosolen {C ) bisutcatus
 jucundus Grandi

    (Phi]ippines: GrEndi,
    1927a; Taiwan: GTandi,
    1927b; Borneo: Wiebes,
    1963)
Sycophaginae

  bycqphaga sycomori (L.)
  (?)*7
    (Java: Mayr,  1885)

Sycoryctinae

  Philott){pesis spinipes Mayr

    (Java: Mayr,  188S)

*1:
 Based on  Comer  (1965) and  Yamazaki  (1983),; 

*2:
 Beuilek

    (19gg) did not  indicate whjcb  celleetion  came  fram  Papua

   New  Guinea  ot  Queensland. However,  E  superba  has not

   been reeerded  frotn Nevv GuLnea. Thus,  here we  treHted  that

   his recerd  ffom  Queens]and sheuld  be E  superba  and  that

   from  Papua  New  Gninea  should  be F eaulocarpa.  Althollgh he
   noted  the  host fig as E  superba  yar.japonica,  Corner (196S)
    reperted  that E  s. var.  henneana (Miq,) Corner, instead of  E

   s  var.jQponica  was  distributed in Queensland, Therefore. this

    fecord  needs  a  reidentification  of  the host,; *3;
 Based on  the

    record  frern introduced E  microcarpa,;  
*4:

 Boueek  (1988)
   tentatively  treated  specimens  frern Papua  New  Guinea as  L.

   virgatae  but indicated that they do  not  agree  with the original

   description.; *S:
 Varieties of  host not  mentioned  in ear]y

    records  of  fig-wasps from  E  variegata  and,  as  indicated in a

    footnote of  Tab]e 1, the  Corner's variety-level  taxonomy  seerns

   to  necd  further reeonsiderations.  Thus  areas  listed here

    Lndicate the distributLon range  of  E  variegata  sensu  lato

    (LncludLng all  varieties)  and  al1 accessible  fig-wasp records

    from E variegata  sensu  lato were  also listed.; 
*6:

 Mayr

   originally  recorded  as spcophaga sycomori (L,) (18g5} or  S

   spinitarsgs Mayr (19e6), A]theugh  Wiebes treated  them  as

   Eukoebetea, Boutek considered  tbat most  records  of

   Eukoebetea in Africa and  south-east  Asia seems  to be specles

   of  Apmr]tptophagus,; *7:
 Probab]y a speeies  of  Apoct)cpto-

   phagus,
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Agaoninae

  LiporThopalum  virgacae  HM

    (Solomon Is].; HLTI, 19fi9:

    Papua  New  Guinea:

    Boueek,  lggg*4}

EpiehrysomallLnae

  IVbesycophila sp.

    (Papua New  Guinea:

    Boueek,  1988)

Agaonjnae

  Cerc[tosolen (C)
  appendicuiatus (Mayr)
    (Java, Philippines,
    Moluccas, Queensland,
    Papua  New  Guinea:  see

    Wiebes  (1963, 1994))

Sycophaginae
  Apocoptophagus concisiventris
  (Girault>
    (Queensland: Girault, 1915;
    Wiebes,1966;BouEek,19SS)

  ApocotptophagusJLiscus
  (Gjrault)
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