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 Abstract One  hundred  and  two  species of  Braconidae, comprising  15 s"bfamities,

were  collected  on  the four Krakatau  Isrands in Sunda  Strait, Indonesia, in general
surveys  made  in 1984, ]98S arid  1986, about  a  century  after  the devastating 1g83

eruption.  The  braconid fauna of  Anak  Krakatau, which  emerged  from  the sub-

rnarine  caldera  of  Krakatau in 1930 and  suffered  a  selfldevastating  eruplion  in 19S2,

was  distinct from that  of  the three  elder  islands, vyhose bj.ota dates from the 1883

eruption.  Anak  Krakatau's braconid fauna, evidently  like that  of  the  older  islands

between 1908 and  1933, was  heavily biased towards  keinobjont endoparasitoids  of

Lepidoptera, mostly  of  the braconicl subfamilies  Cheloninae, Micregastrinae and

Rogadinae, ln contrast,  not  one  koinobiont endoparasitoid  of  the cyc[orrhaphous

Diptera, Coleoptera or  Hemiptera was  collpeted  on  Anak  Krakatau,  although  31

such  species  were  cotlected  on  the  three older  islands. The differences between  par-

asitoid  modcs  that re[ate to colonizing  ability are  briefly considered  and  diseu$sed.

 Key  words:  Braconidae; Krakatau;  recolonization;  parasitoid community;

tropical  forest.

Introduction

   The  Krakatau  Islands, in Sunda  Strait, Indonesia, are  about  44 kilometres from

both the large islands Java and  Sumatra,  and  some  ]2 kilometres from the  nearest

island in the strait, Sebesi. The  biotas ofthe  three peripheral islands of  the group,

Rakata (1,152 ha in area),  Sertung (784 ha) and  Paniang (272 ha) are  belieyed to

have been destroyed in the  deyastating 1883 eruption  of  the island of  Krakatau, of

which  Rakata is the southern  remnant  (Fig. 1). These islands are  thus  about  a

century  old  biologically, although  the  subsequent  development of  new  biotas on

Sertung and  Panjang  has been affected  by the continuing  volcanic  activity of  Anak
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  Fig. 1. The  Krakatau  Islands, showing  major  vegetation  types, in l984-1986. Dashed  tine

     indjcates Krakatau Island prior to August 27th  1883. Modified from  WHiTTAKER  et

     al., 1989,

                                                      '
Krakatau; the reassembly  of  a  biota on  Rakata has been only  slightly constrained,

if at  al}, by this activity. Anak  Krakatau emerged  from Krakatau's  submarine

caldera  in 1930, suffered  selfidevastating  eruptions  in 1952/1953 and  erupts  at in-
teryals of  about  4-5 years, the most  recent  eruption  bejng in Noyember  1992. The

island is some  280 ha in area  and  200 m  high, although  in the period l984-1988 only
about  17 ha had a cover  of  vegetation,  the remainder  being almost  barren ash  and

lava fields.

    In the period 1984-1986 Anak Krakatau's vegetation  consisted  of  grasslands,
Saccharum, imperata and  ischaemum, and  woodlands  of  the pioneer tree Casuarina
eguisetijblia, within  which  a few early  successional  forest trees such  as  llcus 

.fiitva

and  ]Ficus  septica  had become  estabtished.  In 1983 some  66 species Qf  vascular

plants were  recorded  on  the  island and  in 1989 the total had increased to  94 species

(PARToM[HARDJoet al,, 1992). In contrast,  the  interior of  Rakata was  covered  with

mixed  secondary  forest dominated by IVleonauclea calycina  and  species  of  Eicus, and

the forests of  Sertung and  Paajang were  dominated mainly  by rimonius cenlpres-

sicaulis or  Dysoxytuin  gaudichaudianum  (TAGAwA et  al., 1985i WHITTAKER  et  ai.,

1989), Well over  200 species  of  vascular  plants were  present on  Rakata'jn the

period 1984-1986 (BusH &  WHITTAKER,  1991),
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   The  great majority  of  braconids comprises  primary  parasitoids of  other  in-

sects,  mainly  immature endopterygotes.  Ofthe  insect groups  for which  coltections

have been worked  up,  THoRNToN  and  NEw  (1988) reported  that about  one  third of

the  fauna of  the  archipelago  was  present on  Anak  Krakatau. Of those groups  that

include hosts of  the archipelago's  braconid  fauna, Anak  Krakatau carried  23 of  the

archipelage's  54 species  of  butterfiies, 10 of  the  archipelago's  39 species  of  the  seven

dipteran families that had been reported  upon  by specialists, and  3 of  the 16 species

of  Hemiptera fbund on  the archipelago  by YuKAwA  and  YAMANE  (1985). Thus, of

the known  representatives  of  the  orders  of  insects parasitised by the braconids re-

ported upon  here, Anak  Krakatau car[ied  about  33%  of  the  archipelago's  knewn

fauna.

    In this paper a  preliminary deterrnination is provided, by the first author,  of

the braconids collectedin  the period l984-1986  on  zoological  expeditions  (THoRNToN
&  RosENGREN, 1988) of  La Trobe University and  the Bogor Zoology Museum  (a
section  of  L.I.P.I.) led by the second  author.  The  known  bracon,id fauna of  Anak

Krakatau,  which  in 1984  was  no  more  than  about  three decades old  biologically, is

compared  to that of  the three older  islands ef  the  archipelago,  whose  biological age

was  about  100 years. The  relative  success  ofbraconids  ofvarious  parasitoid rnodes

jn colonizing  the young  ecQsystem  deyeloping on  Anak  Krakatau is considered  and

discussed.

Metheds

   Braconids were  collected  on  the islands in the  course  of  general zoological

surveys  (THoRNToN &  RQsENGREN,  1988) carried  out  in September 1984, August

1985 and  September 1986, and  were  mostly  acquired  by sweeping,  beating, and  the

use  of  MALAisE traps and  light traps. One  species  was  collected  in a  pitfa11 trap

only  (one specimen)  and  one  species  in a fruit-bait trap  (two specimens)  as  well  as

in a light trap (Table 1),

   The  intensity of  collecting  on  the various  islands by these methods  was  some-

what  uneven  during the surveys  (Table 1), MALAisE traps  and  light traps  being em-

ployed almost  exclusively  on  Rakata and  Anak  Krakatau. These  two  islands also

received  t'he most  attention  by sweeping  and  beating, which  was  carried  out  roughly

according  to island area  except  that the very  small  vegetated  area  of  Anak  Krakatau

meant  that  intensity of  sweeping  and  beating was  greatest on  this island. Although

24 days  of  the MALAIsE trapping  on  Anak  KTakatau were  either  on  the barren

western  lava fields, the active  crater,  or  the barren outer  rim,  traps were  set in vege-

tation fbr a  total of  28 days, comparable  to the 33 days of  MALAisE  trapping on

Rakata,

    Since there are  no  reliable  taxonomic  revisions  for most  Oriental Region

braconid genera, most  of  the determinations aTe  to generic･ level only,  with  recogni-

tion often  to morphospecies,  The species  totals rnay  thus require  correction  in the
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Tabte  1, Relative extent  of  sweeping  and  beating (S, ln collector-hours),  MALA[sE
trapping (M, 24-hours periods) and  light trapping  (L, evenings)  on  the  Krakatau
    isJands during the 1984, 1985 and  1986 expeditions,  with  the number  of

          individuals and  $pecies  of  braconids cellected  by these

          methods,  Species eollected  are  not  additive,  sevcral

           species  being coltected  by more  than one  method;

             one  species  included in the right  hand  column

             was  collected  only  in a pit-falt trap on  Anak

                   Krakatau. ( )=vegetated area.

Island Area(kmt)Height
 (rn)Col[ecting

 extent Individuals Species

SMLSMLSMLTotalspecles

RakataSertungPaajangAnak

 Krakatau

11.5 800
7.8 182

2.7  142
2,8 <O,2) 200

97  33 l7

34 2 1
38 O 1
44 52 7

58 23 5

57 2 O
75 O O
21 58 18

37 7 5

36 2 O
36 O O
10 8 3

47373618

Tetal alt islands 213 87 26 21I 83 2388  IS S 102

future, although  any  such  change  is likely to be small  and  unlikely  to affect  the
main  conclusions  offered  here. A  series of  voucher  specimens  will  be  deposited

in the Bogor Zoology Museum,  Indonesia, and  a  parallel series  will  be deposited in
the  National  Institute of  Agro-Environmental Sciences, Tsukuba, Japan.

Results

    A  total of  102 recognisable  braconid species,  of  15 subfamilies,  was  found in
the  coiiection  of211  specimens  (Table 2).

    The'division of  parasitoids into idiobionts and  koinobients was  suggested  by
HAEsELBARTH  (1979) and  supported  by AsKEw  and  SHAw  (1986). Idiobionts are
mainly  ectoparasitoids  and  kill or  paralyse the host when  they oyiposit,  preventing
further movement  or  deyelopment. Koinobionts, most  of  which  are  endepar-

asitoids, allow  the  host to develop, feed and  move,  often  regulating  its development.

The  species  collected  on  the Krakataus were  placed into idiobiont ectoparasitoid

and  koinobiont endoparasitoid  categories  according  to their usual  host insects
(Table 2), fo11owing, for example,  QuicKE and  yAN  AcHTERBERG  (I990). Five

groups resulted, and  are  indicated by letter codes  opposite  subfamilies  and  specjes

in Table 2.

    The  extent  of  faunal overlap  between pairs of  islands is illustrated in Fig. 2.
Similarity between individual island faunas was  measured  by using  both the

SoRENsEN and  NoMuRA-SiMpsoN  coeMcjents  of  similarity; thcsc are  shown  in Table
3.

   Apart from the rather  lew NoMuRA-Sinv[psoN coeMcient  fbr the Ra[kata-PaTljang

comparison,  both coeMcients  are  generally Iower for comparjsons  involving Anak
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Tab]e  2. Braconidae coltected  on  the various  Krakatau  Islands, 1983-]986  with  their

parasitoid category'.  Abbreviations: KCH,  KD  .and KL-  keinobionts of  Coleoptera

   or  Hemiptera; cyclorrhaphous  Diptera; and  Lepidoptera; respecivety.  ICLD

     and  IL -idiobients of  Coleoptera, Lepidoptera  or,  rarely,  Diptera; and
          of  Lepidoptera; Tespectiyely.  Anak  K,-Anak  Krakatau,

Parasitoid
 mode

Subfamily-Species Rakata Sertung Panjang AnakK.

ICLD

Doryctinae

  Allbrh[rgaspallidiceps(PERKINs)

  Doryetes sp. 1

  Doryctes sp. 2

  Eophylus sp.

  Hleterospitus sp.  1

  Hleteroopit"s sp, 2

  Hbterospiins sp.  3

  Rhaconotas  signipennis  (WALKER)
  Rhacenotus  sp. (nr. testaeeus
   (SzEpL.))
  Spathius cays  NixoN

  Sk)athiws psa}nmathe  NixoN

  SPathi"s sp, 1 (nr. bion NIxoN)

  opathias sp.  2

  SPathi"s sp, 3
  5Pathius sp. 4 (nr, cloTon NixoN)

  Gen. sp,  (Doryctini)

29

  la292S394e

19

1919le5?19(1

 9)

395if
  2a

2 9(1 9)

18

2d191d

89  10e

3919

192ts

  19

  19

  13

KL

391evt/.

ICLD

IL

Braconinae

  Aspidobraeon noyesi  vAN  AcHTERBERG  (1 ?)
  Bracon sp. I

  Bracon sp. 2 (nr. asphonc4,tiae  ] 9 1 di
   (WATANAHE))
  Bracen sp. 3

ILLD

Bracon  sp. 4
Calapyioneur"s sp,

Esengoides sp. 1 (nr, fltlvus QvTcKE)
Elsengoittes sp.  2
Spinaciesha sp.

T)ropobi'aeon shoenobti  (VIERECK)
Gen.  sp.  (Braconini)

le1?

]?

  1?192e

192e

1919

l?

le

3a

IL

Exothecinae
 Aeanthormius?  iriemotensis
   WATANABE

  i4canthoJ'mi"s  sp.

  AulosapkespsychidiyorusNIxoN
  Aulosaphes? unicolor  (AsHMEAD)
  Aulosqphes sp,

  Hbrm  ius sp.  1

  .Hbrtn i"s sp.  2

  Hormius sp. 3

  ParahoJ'mitts sp.  1

  ParahoJ'inius sp. 2

  Pai'ahormi"s sp.  3

1?2?[1

 9]

2?

[1 e]

18la

291?

[1 g]

3 di

NII-Electronic  Mbrary  
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Table  2.(Continued.)

Parasitoid
 mode

Subfamily-Species RakataSertungPanjangAnak  K,

KL

Rogadinae

 Aleiodes sp. 1

Aleiodes sp. 2

Aleiodes sp.  3

Ateiodes sp. 4
Clinocentras sp.

1 9[t ?]

a  9)

19[1  19?
 14 e]

la{1
 9}

KD

Opiinae

 Bitomus  hemieoriaceus (FEscHER)
 (Zp,ius tamurensis  Fischer

 (2pi"s sp. I (nr. Iitlvijbcies FiscHER)

 Cipius sp. 2

 Qpius sp.  3

 Qpius sp.  4

 Qp ius sp.  S

 Qpi"s sp.  6 (nr. penetratoJ- FiscHER)
 Qpitts sp.  7

 Orientopius sp.

1?

2e

19

2ele

18

1?la

lg

19

39
 1IS9

KD

Alysiinae

 Asobara sp. 1

 Asobara  sp,  2

 Asobara  sp,  3

 Asobara  sp.  4 (nr, orientalis
   VIERECK)

 Aspitoia sp, 1
 Aspilota sp.  2

 &atospiia  sp.

 Dinotrema  sp,

 Heratemis sp, (not filosa WALKER)

 ldiasta sp.

 fVrasmalysia sp.

 Gen, sp. (Alysiini)

 1?

 19

[1 9]<2
 9>

 1?

 19a9)

leISle

293319

29le13IS

1

119??2619

KCH

Aphidiinae

  ? Lipolexis sp. le

KCH

Helconinae

 Diespiltts sp.

 Elotbazus (Cabtptus) sp.

 Schizopt7mnus sp.
   (nr, tortilis PAp'p)

)s
le

1?

KCH
Blacinae

 Blaetts (TZicpheien) sp, la

KCH

Euphorinae
 Closmophorus sp.
  ? CrzJ{ptoxilos sp.

 Leiophron sp.  1

 Leiophron sp. 2

le19

la

13 6ale
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Table  2.(Continued.)

Parasitoid
 mode

Subfamily-Species RakataSertungPaajangAnak  K.

KL
Macrocentrinae

 Macrocentrus  sp.

   (nr. persaphone N[xoN)
1?

KL

Agathidinae

  Bassas simitis  BHAT  &  GupTA)

  O'eMnops atricornis  (SMfT")
(119)9

KL

Cheloninae

  C;-elonus (llcfierochelonus) sp.  1

  Cvaetonus (Mierochelonus) sp. 2

  Chetonus (?l4icrochelonus) sp. 3

  Phanet'otoina sp.  1

  Rhanerotema  sp, 2

  Phanerotoma sp.  3

  Phanerotoma  sp, 4
  PhanerotomeUa  sp.

    (nr. namdyensis  SIGWALT) 
'

(3 9)

(1 9)29[1

 ?]

IA

11

29

99

3 cr

16

  (1 9)
 (17+)3
 9(28 ?)

   1?(5
 ?)[2 91

KL

Microgastrinae

  Apantelos? cJtpris  NixoN

  .tlpanteles?  dissimite NfxoN
  Apanteles? etagabalas  NixoN

Apanteles sp. I

Apanteles sp.  2
Apanteles sp. 3

t{pantetes  sp.  4 (nr. vaeillans  NIxoN)

C)leoeras sp. 1
cuoeras sp.  2

Cbtesia sp.

Piotcagaster sp,  (xanthapis-group)
G4Jtptapantetes sp.  1
  (octonaritts-group)
Gb{ptapanteles sp.  2
  (ectonarius-group)
6Lnptapanteles sp.  3
  (oetenarius-group)
GtJtptapanteles sp. 4 (sidlerion-group)
Snetlenius sp,

2948(6983)

  la

1 di

]9

(1 9)IS

1di

lala1

 ifla

19

11clLclt

2e

la

]8

a g)

ae)

  1(1
 ?93 if)

1913

KL

Miracinae
  Mirax?  it'tvrptor PApp ]3 l9

Total number  of  species

Total nurnber  of  species  inthe suryey=102

47 ]7 36 l8

* No.

   { },of

 catches  in
otherwise  (noMALATsE

 tTaps( ), in light traps[ ], in
brackets) by sweeping  or beating.fruit-bait

 traps <>  and  in pit-faL]s
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Table 3, SoRENsEN's quotions of  simitarity  (QS, upper  triangle) and  NoMuRA-
    STMpsoN's coeMcients  of  similarity  (NSC, tower triangte, in italics)
            between  braoonld fauna  of  the  Krakatau  isEands.

Rakata Sertung Paniang Anak  Krakatau

RakataSertungPaopangAnak

 Krakatau

O.324O.250O.278

O.286

O.361O,i67

O.217O.3S6

O.278

e,154O.109O.185

N

t

t2

total spp  [102]

0 2
-

    krn

13

jang

9

Fig. 2. Number  of  species  of  Braconidae  on  each  island of  the Krakataus, and  in common

   between island pairs.

KTakatau  than  for those invo]ving the  older  islands only, indicating that Anak

Krakatau's braconid fauna is somewhat  distinct from that of  the o]der  is]aflds. ]n-

deed, lO ofits  ]8 braconid species  were  not  found elsewhere  in the  archipelago.

   The  number  of  species  of  each  parasitoid-mode  group  found on  each  island,

and  the  number  on  Anak  Krakatau that is also  present on  at  least one  efthe  older

islands, are shown  in Table 4. Because  coverage  of  the islands by sweeping  and

beating was  much  more  even  than  it was  by MALAisE and  light trapping, Table 4
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also  includes data using  onty  specimens  collected  by sweeping  and  beat{ng. As-

suming  that  the  three  older  islands comprise  the souree  area  for Anak Krakatau's

braconid fauna, it is possible to quantify relative  success  of  the varjous  parasitoid-
mode  groups  in colonizing  Anak Krakatau by calculating  the pToportion of  the

fauna of  the source  that  is present on  Anak  Krakatau. In view  of  the higher in-
tensity ofcollecting  on  Anak  Krakatau it is likely that  most  ofthe  species  inhabiting

the limited vegetated  area  of  this island are  present in the collections,  whereas  there

is no  doubt that  a  substantial  number  of  species  rnjght  have been missed  on  the

other  islands, many  areas  being unyisited  or  visited  for only  a short  time.  The as-

sumption  is made,  therefore,  that species  coJlected  only  an  Anak Krakatau were

present elsewhere  en  the archipelago  but missed  during the surveys.  Making  this

assumption,  fo11owing THoRNToN  et aL  (1988 a), a Colonization Ratio (CR) can  be

calculated  for each  parasitoid-mode  group  [CR==(A+AK)f(RSP+A)], where  AK
is the  number  of  species  found on  both Anak  Krakatau and  the source  area  (at least
one  of  the older  islands>, A  is the  number  found only  on  Anak  Krakatau, and  RSP

the  totat number  found on  at least one  of  the older  islands, A  Relatiye Co]oniza-

tion Ratio (RCR) can  .then be calculated  by compaTing  the CR  of  each  parasitoid-
mode  group with  the CR  for all braconids (RCR fo,r a given group=CR  for that

group/CR  for all braconids).

    Tabie  4 shows  that  cotonization  of  Anak  Krakatau by parasitoid-mode group
IL (idiobiont ectoparasitoids  of  Lepidoptera) has been average,  that of  ICLD

(idiobiont ectoparasitoids  of  Coleoptera, Lepidoptera or, rarely, Diptera) has been
less than  average  for the braconids, and  colonizatlon  by group  KL  (koinobiont en-

doparasitoids of  Lepidoptera) has been  oyer  twice  the average,  Groups  KD

(koinobjont endoparasitoids  of  the  cyc]orrhaphous  Diptera) and  KCH  (koinobiont
endoparasitoidsofColeopteraorHemiptera)havenotcolonisedtheisland,  Restrict-

ing the data base to collections  made  only  by sweeping  and  beating (see Methods,

      Table S. Number  ef species  of three groups  of  Krakatau  braconids present on

          and  absent  frorn Anak  Krakatau,  compared  with  numbers  expected  if

           presence on  this island was  detcrmined  by chance,  Abbreviations

                      as for Table 4, exptanation  in text.

Parasitord mode

 Absent from
Anak  Krakatau

 (RSP-AK)

  Present Qn
Anak  Krakatau

  (A+AK) Total

ObservedExpectedObserved  Expected

Idiobiont ectoparasitoids

 (IL+ICLD)
Koinebiont  endoparasitoids

 of  Lepidoptera  (KL)
Koinobiont  endoparasitoids  of

 other  insects (KD+KCH)

33.0

20.0

31.0

30,5

28.0

25.5

4.0

14.0

o.o

6.5

6.0

5.5

37

34

31

Total 84.0 84.0 18.0 18.0 102

X!-20.812(2d.f.),P<,ool.
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above)  does not  change  this general trend (data in brackets in Table 4).

    If the parastitoid categories  aTe  lurnped into three major  groups, idiobiont
ectoparasitoids  (IL &  ICLD),  koinobiont endoparasitoids  of  Lepidoptera (KL),
and  koinobiont  endoparasitoids  of  non-lepidopteran  hosts (KD &  KCH),  numbers

become high enough  to validate  statistical treatment, Numbers  of  species  present
on  or  absent  from Anak  Krakatau may  be compared  with  numbers  expected  if

presence on  Anak  Krakatau  is determined only  by chance  (Table 5). A  I2-test
shows  that the difference between observed  and  expected  numbers  of  species  js
significant  (P<.OOI), confirming  the unusually  high representation  on  Anak  Kra-
katau of  koinobiont endoparasitoids  of  Lepidoptera  (KL).

                              Discussion

    DAMMERMAN  (1984) ]isted nine  braconid species  as having been ¢ ollected  on  the
Krakataus  between  1908 and  1933. Apart from lphiaukix sp. (Braconinae) which

is group  ICLD  (idiobionts of  Co]eoptera, Lepidoptera or  Diptera), and  Eubadizo.n.
Iuteum SzEpuGETi (probably Helconinae, KCH,  koimobionts of  Coleoptera o"i

Hetereptera), all the other  species,  Chelonus striatigena  CAMERoN,  Chetonus  sp.  and

Phanerotoma  sp.  of  the  CheEoninae, Cremnqps sp.,  Disophrys etvthrocqphalb

CAMERoN  and  Microdus  sp.  of  the Agathidinae, and  Orgilus sp. of  the  Orgilidae, are

presumably KL  (koinobionts of  Lepidoptera). Remarkably, the proportion of

KL  species  in this sample  of  the archipetago's  earlier  frtuna (7 of  9, 78 %) is identical
to the proporfion of  KL  species  in Anak  Krakatau's fauna of  1984-l986  (14 of  18)
and  differs markedly  from the proportion of  KL  in the 1984-l986 braconid fauna
of  the three older  islands (2.6 of  92, 28 %). The  exact  match  of  the proportions on

Anak  Krakatau is of  course  coincidence  but certainly  suggests  that koinobionts Qf
Lepidoptera were  the  preponderant  group  of  braconids both on  the Krakataus six
to eight  decades ago  and  on  Anak  Krakatau (but not  on  the  oldeT  islands) in the
period 1984-l986, suggesting  that they are  better colonizers  of  early  successional

habitats than are  braconids ef  other  parasitoid modes.

    THoRNToN  et aL  (1992) have  recently  provided  supporting  evidence  for earlier
suggestions  by DAMMERMAN  (1948), TAGAwA  et  aL  (]985), THoRN'ioN and  NEw

(1988) and  THoRNToN  et at. (1988 b, 1990) that, in general terms,  the biotic develop-
ment  of  Anak  Krakatau has offered  an  analogy  of  the early  colonization  and  suc-
cession  on  the  low]ands of the older  islands in the  first decades after ]883. They
proyided evidence  that changes  in the  dispersal mode  spectra  of  colonizing  

`wayes'

of  vascular  plants, as well  as  the order  of  arrival  ef  specjes  of  spermatophytes,

pteridophytes and  resident  Iand birds were  significantly similar  in the two  cases, In
addition,  there  is some  evidence  that in reptiles,  frugivorous birds, bats, fig species
and  spiders,  successful  colonists  of Anak  Krakatau, probably  from the older  is-
lands, also  tend  to have been early  colonists  of  the archipelago  from the majniand

(THoRN'roN et  al., 1992). Braconids evidently  provide yet anether  such  parallel,
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   An  interesting feature of the  braconid  data is that the three parasitoid-rnode
categories  that are  successfu1  colonizers  all include Lepidoptera as  hosts, and  the

two  parasitoid-mode  categories  that, have not  yet reached  Anak  Krakatau are

koinobionts that  do not  have Lepidoptera as  hosts (Table 4). The  most  striking

feature of  Table 4 is the dominance of  the KL  mode  on  Anak  Krakatau,  although

it is the most  species-rich  mode  on  the older  islands by on]y  a  very  small  margin.

This indication of  the remarkable  relative  success  of  the KL  mode  in colonizing
Anak  Krakatau dernands  an  examinatien  of  what  may  be the  colonization  advan-

tages fbr braconids with  this panicular combination  of  features-koinobionts with

Lepidoptera  as  hosts.

    The  evident  lack of  KD  parasitoids (i.e, Opiinae and  Alysiinae) on  Anak

Krakatau,  although  22 species  were  collected  on  the older  islands, is probably due to

paucity of  suitable  hosts (Diptera) on  the  yeung 
'island.

 The  ptincipal hosts of

this.group of  braconids are  dipterous leaiminers and  fiies with  iarvae that  are  as-

seciated  with  fungi or  fruit. In the  perjod 1984-1986  Anak  Krakatau's vegetated

area  was  alrnost  wholly  grassland and  Casuarina woodland  ; the transition to inixed

fbrest was  in only  the very  early  stage  and  the  island's habitat was  probably ilnsuit-

able  fbr these dipteran host species. For  example,  YuKAwA  (1984 a) collected  6

speices  of  tephritid  fruit fiies on  the  archipe]ago  in ]982 but only  one  of  them  oc-

curred  on  Anak  Krakatau. On  the  La Trobe University/Bogor Zoology  Museum

expedition  of  1990, by.which  time d{yersification of Anak  Krakatau's  woodland

had  proceeded  further and  some  of  its fig species  were  fruiting, nine  tephritid species

were  collected  on  the  archipelago,  four of  them  occurring  on  Anak  Krakatau  (E.
R. ScHMIDT  et  at., personal communication).

    It will  be interesting to  see  if catches  by MALAisE trap and  by sweeping  during

the 1990, l991 and  1992 zoological  expeditions,  collections  which  are  now  being

analysed,  contain  any  KD  braconids. It might  be expected  that as  Anak  Kraka-

tau's  woodland  diversifies and  incorporates more  fruiting, bToad-leaved trees, its

habitat will  become  more  suitable  for the  dipterous hosts of  this group  ofbraconids,

and  we  predict they will  then  quickly colonize  the island,

    The  impediment to colonization  of  KD  braconids suggested  abQve,  lac,k of

suitabte  hosts, is unlikely  to apply  to KL  braconids. For a  number  ef  reasons,

their host insects (Lepidoptera) a[e likely to be much  better represented  on  Anak

Krakatau than are  the dipterous hots of  KD  braconjds, AIthough little is known,

quantitatively, of  the  moth  fauna ofthe  archipe]ago,  YuKAwA  (1986) found only  tO

spccies  in 19g2, The  light-trap collections  ef  the  La  Trobe-L.I.P.I. expeditions  in

l984-1986, although  comprising  many  more  than IO species, were  also  poor com-

pared to the diversity of  moth  species  found on  Java, and  much  less diverse than the

Krakataus'  fauna of  1 13 species  reported  by DAMMERMAN  (E948). On  Anak  Kraka-

tau two  arctiids  were  present, a  F7cus-feeder and  a ]egume-feedeT. A  legume-feed-

ing noctuid  occurred  in association  with  the pioneer beach  creeper  Canavatia maritima

of  the  llpomoea pes-caprae association  (a widespread  association  of  creepers  on  ac-
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creting  beaches in tropical SE  Asia and  the Pacific), and  a large fruitmeth, Othreis

juUonia, was  caught  each  year. MALArsE traps set on  the  barren ash  uplands  of  the

island collected  small  pyralids and  other  moths  (THoRNToN &  NEw,  ]988). Col-

lections made  by NEw  and  THoRNToN  have net  been worked  up  but the impression

after  prelirninary appraisal  was  that rnoth  diversity was  not  high.

    The  butterfiies, in contrast  to moths,  havc received  considerable  attention

(YuKAwA, 1984 b; BusH, 1986; NEw  et ai., 1988; NEw  &  THoRNToN,  1992), In the

peTiod 1984-[986, 23 species  were  recorded  on  Anak  Krakatau, of  a  total Krakatau

fauna at  that time of  54 species. Butterfiies are  an  exception  to  the colonization

sequence  analegy  mentiQned  above;  the correspondence  between  sequence  of  coloni-

zation  of  the archipe]age  after  1883 and  that of  Anak  Krakatsu is not  as  close  as  it

is with  other  segments  ofthe  Krakatau biota. Nevertheless, THoRNToN  et aL  (1 992)
pointed out  that  the archipe]ago  arrival wave-sets  of  butterflies that are  best repre-

sented  on  Anak  Krakatau are  those that colonized  the archipelago  between I883
and  l921, the  period up  to the beginning of  forest formation.

    Few  of  the archipelago's  butterflies, even  now,  are  true forest species;  the but-

terfly fauna ofthe  Krakataus is strongly  disharmonic, heavily biased towards  species

of  coastal  or  near-coastal  habitats which  feed on  plants characteristic  of  these hab-
itats, It is likely that most  forest butterflies are  not  suMciently  vagile  to reach  the

archipelago  except  very  rarely,  by chance.  Their colonization,  if it does occur,  is

likely to be much  later than species of  secondary  vegetation  and  transitional seral

stages,  butterfiies which  are  usually  charactcrized  by good powers of  dispersal and

wide  distributlons, Limitation ef  larval food plants is probably an  additional

reason  for the paucity of  forest butterflies. BusH  and  WH]TTAKER  (t991) have

pointed out  that  the coastal  fiora of  the  archipelago,  in contrast  to that of  the  is-

lands' interiors, has changed  very  little since  1897, and  Anak  Krakatau's flora, of
course,  comprises  almost  entirely  coastal  or  near-coastat  species.  This very  bjased,

youthfu1, but limited flora of  Anak  Krakatau  probably provjdes less impediment
to  colonization  of  the island by Krakatau butterflies thafi it does for co]onizatien

by other  insect groups such  as  the  dipteran hosts of  KD  parasitoids, simply  because
there are  so  few k-selected forest butterfiies on  the archipelago  to be excluded.  The

success  of  koinobiont braconid parasitoids of  Lepidoptera  in colonizing  Anak
Karakatau js thus partly explained  by the relat{vely  good  representation  of  their

hosts on  the island.

   Koinobiotic  braconids of  the subfamiJies  Mjcrogast[inae, Cheloninae and

Agathidinae are  thought  to be r-selected  species  with  high fecundity (e.g. ,IwATA,

1959). In addition,  many  koinobiotic parasitoids can  [eadily  parasitise hosts that
live in well-exposed  situations,  and  these include species  such  as  looper caterpillars
and  armyworms.  Such hosts are  usually  flot  available  to idiobiont ectoparasites,
which  are  thus likely to be less successfu1  colonists  of  ear[y  successional  habitats.

   Although KL  koinebionts do not  kill their host immediately, they emerge  from
the mature  host larvae, Thus  they cannot  arfjye  with  the adult  rnoth  or  butterfly
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but may  be carried  by dispersing host larvae. In contrast,  idiobionts kill or  paralyse
the host when  they oviposit  and  so  would  always  require  a  separate  immigration

from that of  theiT hosL Koinobionts  would  thus again  have an  advantage  over

idiobionts as  colonizers.

   We  have  outlined  several  possible reasons  fbr the re)atively  high suecess  of

koinobiotic parasitoids of  Lep'idoptera in colonizing  both  Anak  Krakatau  in recent

decades and  the older  islands in the early  decades following 1883. We  close  with

one  further suggestion,  Koinobionts, in general, are  oligophagous,  in general, host
insects for a particular species  of  braconid being usually  confined  to a  number  of

related  species  or  genera, Once  host diversity has increased in a  developing biota,
koinobionts are  therefore likely to suffer  to a  greater degree than the more  polyph-
agous  idiobionts from the resulting  fragmentation of  host resources,  as  suggested

by AsKEw  and  SHAw  (1986) for climax  tropical forests. On  the Krakataus, the
emergence  of  Anak  Krakatau and  its subsequent  provision of  earlier  suceessional

stages  than  those  obtaining  on  the  older  islands may  haye proyided  a  less host-

diyerse ecological  refuge  (THoRN:roN et al,, 1988 b, l992; THoRNToN,  1991) for such
species  as  host diversity on  the older  islands increased.

   We  have MALAisE  trap and  sweepnet  collections  of  insects from the Krakataus
from expeditions  in 1990, 1991 and  1992, a  peried when  Anak  Krakatau's  vegeta-

tion appeared  to be on  the threshold of  rapid  diversification in some  parts of  the

island, and  we  intend to  study  the  braconid fauna represented  in these  and  future

collections,  paying  particular attention  to the relative  colonizing  abjlities  of  koj-
nobiont  and  idiobiont braconids as  the  archipelago'$  ecosystem,  and  that  of  Anak
Krakatau,  develop  and  diversify.
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