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 Abstract A parasitie wasp,  ElasmuEy'aponictts, frequently infested pre-emcrgence
and  post-emergence nests of  Poiistes snetleni,  It had  at  least two generations a  year,

Aduits of' the  overwintering  generation main]y  attacked  nests  of  P, sneUeni  during the

pre-emergence stage, and  adults  of  the  latcr generation(s) attacked  post-emergence
nests. Larvae of  the parasitoid external!y  fed on  host irnmatureswhich  had aiready

spun  cocoon.  Mature  Iarvae communally  made  fecal partitions in the  cell  before

pupation  to separate  themselves  from  the host remnants.  Workers  ancl foundresses
ef  1'. sneUeni  usually  removed  cocoon  caps  of  infested ceLls  after  the fecal partition
was  completed,  though  they  sometimes  killed the  parasitoid larvae before that.

Twenty  to 29 % ef  pre-emergence nests  were  parasitized by E. J'c{ponic"s, and  the  loss

in the number  ofworkers  owing  to the parasitoid was  estlmated  at  18 to 35 P6 in three
years, Parasittsm levels reached  73 to 92%  in post-eTnergence nests,  which  lost 17
to 22P: of  reproductives  because of  the parasitoid. Individual infested cells had
gneans  of  23 to 27 pupae  of  the  parasitoid, with  the  sex  ratie  (proportion of  males)

varying  from O.04 to O.75, though  highly female-biased in most  cells.

 Key words:  Poiistes snelieni,  Eiasrnus iaponicus, soejal  wasp,  parasitoid, coionial

preductivity, natural  en ¢ my.

introduction

   Eusocial wasps  lese their larvae or  pupae to many  parasitoid$ despite their

apparent  vigiEance  over  natural  enemies.  Polistes, one  of  the mest  studied  groups
for bielogy among  the  eusoeial  wasps,  has over  40 recorded  parasitojd species,

mainly  of  Hymenoptera, Lepgdoptera and  Diptera (MAKiNe, 1985), Some  par-
asitoids  can  cause  considerable  Iosses in worker  force or  reproductive  output  in

colonies  of  the hosts (MAKiNo, 1989),

   Wasps  of  the  genus Elasmus  of  Elasmidae  are  mainly  either  primary  external

parasitoides of  larvae of  Lepidoptera or  hyperparasitoids upon  them  through  various

H'ymenoptera, particularly lchneumonidae and  Braconidae  (Ci.AusEN, 1940). How-

ever,  five species  (E. sehmitti,  E, biroi, E. lamborni, E. poXistis, and  E. .faponicus) are

recorded  as  primary parasitoids of  Pofistes (BuRKs, J971). Of  these, E. polistis of

Nerth Ainerica has been studied  for its biology (NELsoN. 1976; REED  and  VrNsoN,

   1) Present address:  Forest Entotnology Laboratery, Kyushu  Research Center, Forestry and
Forest Products Research lnstitute, Kurokami 4-"-l6, Kumamoto,  860 Japan.
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1979; STRAssMANN, 1981), Altkough E,.f'aponicus is recorded  from Polgstes in Japan

(TAcHIKAwA, 1965; lwATA  and  TAcHJKAwA,  l966; MAKiNo, 1983), there  is no

biologieal informatiQn except  for a  brief account  on  tlie number  ef  parasitoid pupae
per celi by IwATA  and  TAcHIKAwA  (1966), In the course  of  an  ecological  study  of

Polistes sneUeni,  we  have noticed  that  the  nests  are  frequently infested with  E. y'a-
ponicus. We  describe some  bionomic observations  of  the parasitoid, its infestation

level, and  the extent  to which  the  host nests  lost adult  productivity because of  the

parasitlsm.

Materials and  Metkods

    The study  was  made  in Misumai  and  Toyotaki (about 2 km  apart  from  each

other),  Sapporo  (430N, l410E), Japan  in l980-1982 and  in 1989-1991. The study

fields were  in grassy patches scattered  with  young  trees, such  as  willows,  birches or
alders  near  the Toyohira  River. P. snetleni  predominantly nested  on  twigs  of  these

tre¢ s (MAKiNo and  SAyAMA,  l991), and  less firequently on  dead stems  of  herbaceous

plants. Another paper wasp,  P. ripa"ius,  also  inhabited the  fields, but E. y'aponicus
infested it only  very  rarely.  The principal parasitoid of  P, riparius  was  an  ichneu-
monid,  Latibulus sp. (MAKiNo, 1983, 1989), which  sometimes  parasitized P, snelteni

(SAyAMA and  MAKINo,  unpublished  data).

    In the fall (late August to October) and!or  spring  (April to early  May)  jn l980-

I982, we  colleeted  nests of  P, sneUeni  in the study  fields of  Toyotaki and  Misumai,
and  alollg  a  path connectlng  the two  localities after  all adults  had  Ieft the nests,

Cells infested with  E. .1'aponieus were  easily  recognized,  because they had brown  fecal

partitions inside. The  partitlons were  made  by larvae of  the  parasitioid before their

pupation to separate  themselves  from  host remnants,  as  is reported  in E. poiistis
(REED and  ViNsoN, 1979). The  infested cells  either  contained  pupae of  E.,faponicus,
or  had small  holes on  the wail  from  which  adults  of  the parasitoid had gone outside,
When  the pupae  were  contained,  they  were  counted  for each  cell. In ]981 and  ]982,

sexes of  the  pupae were  identfied by the length of  antennae,  which  were  lon.eer in
male.  In 1989-1991, initiated nests  of  P. snetleni  were  marked  in May  in Misumai,
and  brood maps  were  regularly  made  for them, Emerged  adults  were  marked  to
determine the  number  of  adults  produced  from each  nest.  Parasitized cel]s, which

were  recognized  as  above,  were  recorded  on  the maps  when  noticed.  Bekavior  of

adults  of  the parasitoid was  observed  when  we  found them  near  Qr  on  nests of  the
host.

    Immatures of  a  colony  were  divided into two  categories  in a  way  similar  to that
of  MAKiNo  (1989): foundress-reared brood (FRB) and  worker-reared  brood (WRB).
FRB  was  coinposed  of  individuals that  spuii  cocoon  during the  pre-emergence stage,
and  their number  was  referred  to as  

L`FRB

 size.'' FRB  size was  the number  of

adu]ts  to be reared  by the  foundress alone,  WRB  was  individuals that  spun  co-

coon  during the post-emergence stage,  and  their t.otal number  was  WRB  size.
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                       Results alld  Discussion

l. L(fe cycle

   Etasmus,iaponicus had at  least two  generations a year. It overwintered  as  pupa
in the nest  of  P. snelleni.  It is unknown  when  E. 1'aponicus eclosed  and  went  outside

the nest, though  the eclosion  was  not  earlier than  early  May, because infested nests

collected  in early  May  still had pupae  of  the parasitoid, We  began to see adults  of

E. y'oponicus near  nests  of  P, sneiteni  in mid  to late June when  average  nests  had the
first cocoons  of  FRB  (SAyAMA, unpublished).  Then, E. J'aponieus seems  to attack

hosts after  cocooning  of  the  latter as does E. polistis (REED and  VINsoN, 1979)i
Fecal partitions of  the parasitoid began to appear  in early  July when  only  a  smali

fraction of  nests  had  adult  vvorkers. Thus, the adult  parasitoid of  the overwintering

generation presumably  finished attacking  pre-emergence  nests  by early  July.

   We  saw  adults  of  E. .1'aponicus more  frequently from early  August on,  that is,
during the  late post-emergeiice stage,  Probably  these  adults  were  of  the last gen-
eration, and  eggs  laid by thern would  produce  the  overwjntering  pupae. Whether
or  not  there was  another  generation between the first and  the last is unknown.  The

generation time from egg  to adult  is about  25 days in E. polistis (REED and  ViNsoN,
1979). If E. .iaponicus has a similar developmental time, eggs  laid in late June will

produce adults  of  the second  generation in mid  to late July, and  the assumed  third-

generation adults  will  appear  in mid  to late August when  we  found adults  of  the

Iast generatjon in the  field. Thus, it is possible that  E. .faponict{s has three  genera-
tiens a  year, and  the possibility is larger in central  to soathern  Japan, where  nesting

period of  P. snelleni  is Ionger than  in Hokkaido  (MAKiNo, personal observation),

   We  obtained  secondary  parasitoids, Pediobius spp.  including P. crassieornis

(Eulophidae), from  5 of  59 (9 P".) nests  studied  in l989-1991. They  emerged  firom

overwintering  pupae  of  li]. .fap' onicus  which  were  kept under  room  temperatures.

2, Adiilt behavior qf the parasitoid to}tJard the host nests

   Adults of  E. ,1'aponicus were  often  found  sitting  on  Ieaves or  twigs  near  nests  of

P, sneUeni  (Fig, 1). For example,  we  saw  one  or  inore  adults  of  the parasitoid
near  fiye out  of  seven  nests  censused  in the  afternoon  of  August 22, i980. They

often  fiew swiftly  around  the nest  in a  zigzag  manner  and  sometimes  alighted  on  jt
Some  directly jumped on  the comb  from the  place near  the  nest,  Workers of  P.

snelleni  that found E, ,faponicus en  the nest  fiuttered the wings  and  darted about  on

the  comb,  This behavior was  similar  to that  of  P, riparius  workers  when  they

found an  ichneumonid, Latibultts sp.,  on  or  near  their nest  (MAKINo, 1983), Once
we  saw  a  P, snelleni  workcr  bite and  kill E. J'a.ponicus that sneaked  into the nest.

   Fecai partitions were  usually  exposed  in parasitized cells, showing  that  wasps

of  A  snelleni  recognjzed  those  eells  and  removed  cocoon  caps  and  host remnants

after  the partitions were  completed.  Renioval of  cocoon  caps  of  parasitized ceJls

also  occurs  in P.fasfatus (REED and  ViNsoN, 1979). Once completed,  the partitions
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   Fig. I . E7asmus  .iciponicus adults  Carrows) sitt{ng  on  a  leaf ncar  a  nest  of  Potistes sneUeni.

were  not  broken and  the contained  pupae  were  not  killed by P. sneUeni.  in a  few

cases,  however, we  saw  a P. sneileni  worker  devour  larvae of  E, ,iaponieus before the
latter made  the fecal partition. Thus, at  least under  some  conditions,  P. snel/eni

were  able  to detect the parasitoid laryae and!or  parasitized hosts under  cocoon

caps  before the partition was  madc.  To  avoid  detection during host feeding is
important to the  survival  of  E. potistis. From  the viewpoint  of  P. snelleni,  to kill

the parasitoid Jarvae may  be beneficial, if emerged  adults  of  .E, y'op, onicus  tend  to

reparasitize  the  nest,  as  reported  in E. poiisfis (STRAssMANN, 1981). Further study

is interesting to reveal  how  the host detects the parasitoid Iarvae befere they  make

the feeal waH  and  how  the parasitoid avolds  the detection.

3. Mmber  ofparasitoidpupaeper host cell  and  their sex  ratios

   Distances between  the  fecal partition and  host meconium  at  the bottom ef

infested cells  varied  from 4 to 9 inm  (n:.;= 10), roughly  correEated  with  the  number  of

contained  pupae of  E, ,1'aponicus. In addition  to the partition, meconium  of  the

parasitoid often  covered  the inner cell walls  and  bottom as  in E, polistis (REED and
VINsoN,  1979).

   The number  of  pupae  of  E. .f'aponieus per infested cell ranged  from 3 to  57 in

the nests collected  in the fall in 1980-1982 (Fig. 2). Mean  number  of  pupae  was

26.4± SD  12.2 (l8 cells  from 8 nests)  in l980, 26.7il1.4 (26 ceils fi'om 1I nests)  in
l981, and  23,1±SD  10.4 in 1982 (46 cells  from 11 nests),  There was  no  signlficant

difference in the  mean  among  the years (p>O,05 ; ANOVA).

   Sex ratio  (proportion of  males)  of  E. .icu]onicus pupae  fi;om individual ce]l varied

from O.04 to O,34 (n=21) in 1981 and  from  O.06 to O.75 (n=-46> in 1982, though
female-biased in most  cells  (Fig. 3). There was  no  signiiicant  correlation  betweeii

the number  of  pupae and  sex  ratio  in both years CKENDALL's r-,O.263  in 1981;
-O,123

 in l982; p>O,OS). The female-biased sex  ratlo  suggests  that  sib mating
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Flg. 2. Frequency  distribution of  the  number  of  Elasnnts japonietts pupae  per infCsted ce]i
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occurred  (HAMi[.ToN, 1967). In E. polistis, emerged  males  wait  for fema]es te
emerge  near  the  nest,  making  sib  mating  likely to occur  (S'rRAssMANN, 1981),

4. Leyels ofparasitisn7 and  tosses qf adults  in the host

   Forty-seven to lOO {r,[1 out  of  the nests  collected  after  adults  Icft theni had  at  least
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Table  l. Parasitism Levels of Elasmus  iqponicus in Poiistes sneUeni  nests  in
1980-1982, '`Infested

 nests"  had  at least one  ceal  infested

             with  fiL J'aponicus,

Localityi) Time  of

collection

Numberof
 nests

examincd

%  infested
 nests

No.  meconia

 in infested
  nests

(Mean± SD)

  % aduEt

  loss in
infestednestfi2)
(Mean,k,SD)

Toy,  Mis

Toy-Mis

Toy-Mis

 Toy

 Fall, 1980

Spring, 1981
 Fall, l981

 Fa]I, 1982

2517711 8047IOO1OO 32.I-20,7

60.4±21.1

57,7± 19.8

64,5±30.2

28.5± 25.7

5,4± 4.5

19.6,E18.7

11.4± 13.2

 l) 
"Toy"

 and  
"Mis"

 stand  for Toyotaki  and  Mjsumai,

path connecting  the two  ]ocalities.

 2) Calculated as:  No. infested cellslNo.  meconia  × 100,

respectively."Toy-Mis"  means  a

Table 2. Parasitism levels ef Elastnus iaponicus in FRB  (foundress-reared
     brood) and  WRB  <worker-reared brood) in Polisres snetleni

                 Rests  in 1989-1991.

 No.  %
 nests  infested
 ex-  nests
amined

FRB

Year FRB  size])

of  infested
  nests

(Mean± SD)

   %
           No.FRB  lossi)
in infested nests

           ex-
  nests
         alllillecl(Mean± SD>

  %infested

 nests

WRB

\YS.BfeSgfgdi'YY.3,:%AigieSX
   nests

(MeantsD) (M,",e.S.lsEsD)
l98919901991303430 202923 9.8 ± 4.0

10.4± 4.3

12.9･F-3.I

34.2--10.9

34.7+27.5

18,O± ll.7

253022 92 39.5ti-22

87 28.3t16

73 31.3rh19

,I 17.3 l-17.9

.5 18.5± 14.6

.8 22.0ft21.2

1) For  explanations  of  FRB  size,  FRB  Ioss, WRB  size and  WRB  loss, see  text.

one  infested cell with  the fecal partition (Table 1), Assuming that all imtnatures
of  ,P,  snelteni  grew  into adults  after excreting  meconia  unless  parasitized by
E. .iaponieus, we  calculated  losses in adult  production due to  the  parasitism, The
loss in adutt  production was  5 to 33%  on  average  in the infested nests  <Table 1).

    Estimation of  losses in worker  and  reprodu ¢ tive productlon was  possible for
the  nests  in 1989-1991, For  these nests,  parasitism on  FRB  was  distinguished from
that on  WRB  using  brood maps.  On  the basis of  the aduft  production schedule  ot'

P. snelten4  FRB  was  assumed  te mainly  produce  worker  adults,  while  WRB  to  pro-
cluce  reproductives  (SAyAMA, upublished).  Then, losses of  FRB  and  WRB  roughly

correspond  te losses of  workers  and  reproductives,  respectively.  Worker ]oss varied
from 18 to 35%  and  reproductive  Ioss fi'om 17 to 22 ;'/. from year to  year (Table 2),

    Percent parasitism was  Enuch  larger in WRB  than in FRB  (Table 2), which

means  that  the nests  were  niore  frequently parasitized in the post-emergences stage

than  in the pre-emergence stage.  This may  refieet a growing  population of  E,

,faponicus during a  year.
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    There was  no  significant  correJation  (p>O.05) betvveen the number  of  cells  and
the

 
number

 of  parasitized cells in the four safnples  in [l'able I (KENDALL's T  ranged

fi-orn O.05 to O.37). Likewise, wjth  thc nests  in Table 2, no  correlation  was  found
between

 the two  variables  both in cells  made  during the pre-emergence stage  (T

?a-"gsd,,fr,o.m,.,-,,OjP9s.rfl,?･l.ss,),s･gi,i･P,pig,m,a,ds.P,:i･:･kg.t5e,,?o,i`lz'l,xr2,z"ae,,xt?,g,e
nest  size  before or  after  the  worker  emergence.  This difft}rs from STRAssMANN's
(i98I) results  of  E. polistis parasitizing P. exclamans,  though  the reason  fbr the
diflerence is uncJear.
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