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Abstract
Adult and larval stages of Platygaster betularia Kleffer, P. betulae (Kleffer) and Metacli-

sis phragmitis Debauché are described. These species are egg-larval parasltolds of three gall
midge species, which belong to the genus Semudobia Kleffer (Diptera, Cecldomylldae), In
fruit catkins of Betula (Betulaceae). The various developmental stages of the Platygaster
species are discriminated with the help of multivariate methods. Phenology, host specificity
and effects upon host density have been Investigated. All platygastrld parasltolds develop
highly synchronized with their hosts. Platygaster betularia and P. betulae have mutually
exclusive host preferences. Both Platygaster species are Important mortality factors particu-
larly able to eliminate moderate host densities. Speciatlon patterns in Semudobia and Platy-
gaster have no parallel traits and can, therefore, not be regarded as results of a co-evolution-
ary process. Some notes are Included about platygastrld parasltolds of Nearctlc Semudobia
species and of Inqulllne Dasineura gall midges in birch catkins.

Introduction
Gall  midges  allied  with  female  birch  catkms

are  frequently  attacked  by  parasitoids  belonging
to  the  hymenopterous  superfamilies  Scelionoi-
dea  and  Chalcidoidea.  The  scelionoid  represen-
tatives  are  the  object  of  this  study.  They  are
egg-larval  endoparasitoids:  the  eggs  are  laid  in
the  host  egg,  but  further  development  does  not
occur  before  the  host  is  in  its  final  instar.  Until
then  parasitized  hosts  can  not  be  distinguished
from  healthy  ones.  Parasitized  early  final  instar
hosts  become  inert  and  further  development
eventually  ceases.  One,  or  sometimes  two  larvae
are  visible  inside  the  host,  consuming  all  of  the
host's  body  contents  within  a  few  days.  The
skin  of  the  host  larva  remains  as  a  "cocoon",
providing  an  extra  protection  for  the  mature
parasitoid larva, in which it pupates.

Kieffer  (1916)  described  two  platygastrld  par-
asitoids  of  Semudobia  betulae  (Winnertz)  s.l.,
viz.,  Platygaster  betularia  Kieffer  and  Misocy-
dops  betulae  Kieffer.  According  to  current
opinion,  also  adopted  in  this  paper,  Platygaster
Latreille  and  Misocyclops  Kieffer  are  synony-

A formal synonymy will be proposed by Mr. H. J.
Vlug, Wageningen (pers. comm.).

mous, because male diagnostic characters do not
allow  a  grouping  of  the  involved  species  into
two  genera').  Fulmek's  (1968)  compilation  ex-
cepted,  later  reports  on  egg-larval  parasitoids  of
Semudobia  mention  only  P.  betularia  (Barnes,
1951;  Bachmaier,  1965).  Hodges  (1969)  treated
the  life-history  of  this  parasitoid.  All  these  au-
thors  considered  the  gall  midge  fauna  of  female
birch  catkins  as  relatively  simple:  Semudobia
betulae,  the  gall  maker,  is  accompanied  by  a  sa-
prophagous  and  a  predaceous  gall  midge  spe-
,cies,  viz.,  Clinodiplosis  cilicrus  (Kieffer)  and
Lestodiplosis  cf.  vorax  (Rübsaamen),  respective-
ly.  Roskam  (1977,  1979)  and  Roskam  &  van  Uf-
felen  (1981),  however,  arrived  at  the  conclusion
that at least five gall inducing Semudobia species
and  two  mquihne  Dasineura  species  are  special-
ized  on  female  birch  catkins.  Clinodiplosis  cili-
crus  and  Lestodiplosis  cf.  vorax  are  frequently
present  in  this  biocoenosis.  The  advancement  of
knowledge at the gall  midge level  provided a ba-
sis for further research of the parasitoids and the
results  of  this  study  are  now  presented  for  the
egg-larval parasitoids.

Platygaster  betularia  and  P.  betulae  are  both
abundant  in  the  Palaearctic  entomofauna  of  fe-
male  birch  catkins.  Among  other  things  they  are
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Figs. 1 — 16. Adult platygastrid characters. 1, 13, fore and hind wing, female; 2, 5, antenna, female; 3, 4, 6, an-
tenna, male; 7 — 9, ultimate and penultimate antennal segments, male; 10 — 12, ditto, female; 14 — 16, gaster, fe-
male. 1, 5—7, 10, 16, Metadisis phragmitis; 2, 3, 9, 12—14. Platygaster hetularia; 4, 8, 11, 15, P. betulae. b, basal
vein; m, medial vein; os, oval sensilla; s, stigma; sc, subcostal vein. 1, 13 — 16, x 60; 2 — 6, x 96; 7 — 12, x 240.

characterized  by  different  host  associations:
P.  hetularia  has  only  been  reared  from  S.  betu-
lae  (Winnertz)  s.s.  and  5.  skuhravae  Roskam,
whereas  P.  betulae  is  restricted  to  S.  tarda  Ros-
kam.  Metadisis  phragmitis  Debauché  has  been
reared  from  both  S.  betulae  and  S.  tarda.  Also
the  Nearctic  gall  midge  S.  brevipalpis  Roskam  is
attacked  by  a  platygastrid:  mature  larvae  have
been  found  in  one  collection.  These  larvae  are
very  aberrant  in  shape  and  belong  to  an  undes-
cribed genus.

Dasineura  species  have  other  platygastrid
parasitoids.  Because  mature  Dasineura  larvae
drop  to  the  ground  for  hibernation,  it  was  not

possible  to  rear  parasitoid  full  grown  larvae  and
adults  from  these  inquilines.  However,  in  Dasi-
neura  larvae  two  different  forms  of  platygastrid
larvae  have  been  observed:  the  first  putatively
belongs  to  Piestopleura  cf.  mamertes  (Walker),
the  second  could  not  be  combined  with  adult
platygastrids  frequenting  female  birch  catkins.
No  platygastrid  parasitoids  have  been  found  in
Clinodiplosis and Lestodiplosis larvae.

Material  and  methods
Immature  stages.  —  Galls  of  different  Semu-

dobia  species  have  different  shapes  and  can
therefore  be  sorted  according  to  the  gall  indue-
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ing  midge  species  (Roskam,  1977).  In  order  to
detect  the  parasitoids,  the  host  larvae  were  dis-
sected  from  identified  galls  and  macerated  in
warm  80%  lactic  acid.  Platygastrid  larvae  were
taken  from  opened  hosts  and  slide-mounted  in
polyvinyl-lactophenol.  Galls  were  also  collected
from  dry  herbarium  material.  Then  10%  KOH
was used for maceration.

Adults.  —  Adults  were  collected  by  rearing
them  from  samples  of  identified  galls,  and  by
collecting  ovipositing  females  from  female  cat-
kins  with  an  exhauster.  This  material  was  either
stored  in  80%  ethanol,  or  mounted  on  tags,  or
dissected  and  slide-mounted  in  euparal.  Speci-
mens  representing  all  stages  of  the  studied  spe-
cies  have  been  deposited  in  the  collection  of  the
Rijksmuseum  van  Natuurlijke  Historie,  Leiden.

Phenological  observations  on  immature
stages  were  made  by  analyzing  samples  of  ten
fruit  catkins  each.  The  samples  were  collected
weekly  from  the  beginning  of  March  until  the
end  of  September.  Adults  were  caught  from
mid-April  until  the  end  of  May.  Every  day,  dur-
ing  a  period  of  ca.  30  min.  around  noon,  about
twenty female wasps and a similar sample of gall
midges  were  collected  and  subsequently  identi-
fied.

Host-parasitoid  specificity  was  determined
by  rearing  adult  parasitoids  from  gall  samples
sorted  according  to  the  gall  maker.  Mortality
caused  by  parasitoids  was  defined  by  dissecting
gall  samples  that  had  been  collected  in  Decem-
ber.  All  seasonal  activities  have  then  ended,  but
many  fruit  catkins  are  still  complete  and  can  be
collected from the trees.

An  extensive  description  of  the  study-areas
Meijendel  (52.08N  4.20E),  Duivenvoorde
(52.06N  4.24E),  Kootwijk  (52.1  IN  5.46E),  II-
perveld  (52.29N  4.58E)  and  Nieuwkoop
(52.  ION  4.50E)  was  given  in  Roskam  (1977);
Hulshorst  (52.22N  5.44E)  and  Kootwijk  are
dry areas on sand.

Adults
Adults  of  species  belonging  to  Platygaster

were  described  by  Kieffer  (1926)  and  those  of
Metaclisis  phragmitis  by  Debauché  (1947).
Therefore,  attention  will  be  paid  here  only  to
some differential characters.

Metaclisis.  —  (figs.  1,  5  —  7,  10,  16).  Fore
wing  with  subcostal  and  medial  vein,  basal  vein
indicated  by  a  more  or  less  distinct  dark  streak,
subcostal  vein  terminated  by  a  distinct  stigma,
which  does  not  reach  the  front  margin  of  the
wing.  Second  (sex)  flagellomcre  in  male  as  wide

as  third,  without  large,  oval  sensilla.  Proximal
part  of  female  second  gastral  tergite  broad,
about  -A  as  wide  as  distal  part.  Sheaths  of  ovi-
positor exposed.

Platygaster.  —  (figs.  2  —  4,  8,  9,  11—15).
Wing  venation  reduced.  Second  (sex)  flagello-
mere  of  male  wider  than  third,  with  large,  oval
sensilla.  Proximal  part  of  female  gastral  tergite
about half the width of the distal part.

P.  hetularia.  —  Males.  Flagellomeres  subqua-
drate,  length  of  fifth  flagellomere  less  than  1.4
times  its  width  in  lateral  view  (fig.  3).  Proximal
part  of  scutellum  rather  dull,  due  to  relatively
rich setation (fig. 37).

Females.  Scutellum  as  in  male  (fig.  39).  Gaster
twice  as  long  as  wide,  gradually  narrowing  to-
wards  its  apex  (fig.  14);  exposed  part  of  fifth
and  sixth  segments  about  a  fifth  (0.19  —  0.22,
n  =  5)  the  length  of  the  gaster  without  oviposi-
tor;  surface  of  fifth  segment  shiny,  without  any
sculpture.

P.  hetulae.  —  Males.  Flagellomeres  oblong,
length  of  fifth  flagellomere  more  than  1.4  times
its  width  in  lateral  view  (fig.  4).  Proximal  part  of
scutellum  shiny,  due  to  relatively  sparse  setation
(fig. 38).

Females.  Scutellum  as  in  male  (fig.  40).  Gaster

100

O) 70

240  280  320  360  400  440  480
width head {Mvn)

Fig. 17. Species differences in Platygaster females.
The ellipses indicate 9570 confidence limits. Dots,
P. bctulac; asterisks, P. betiilaria.
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Table 1. Mean values (x) and standard deviations (s) of adult characters, measurements in [im.

more  than  twice  as  long  as  wide  (5:2),  distinctly
narrowed  between  fourth  and  fifth  segment  (fig.
15);  exposed  part  of  fifth  and  sixth  segments
about  0.3  times  (0.26  — 0.31,  n  =  5)  the  length  of
the  gaster  without  ovipositor;  surface  of  fifth
gastral segment with band of longitudinal striae.

Means  and  standard  deviations  of  five  variâtes
for  different  species  of  Platygaster,  as  well  as  for
different  host  groups  of  P.  betularia,  are  pre-
sented  in  table  1.  Interspecific  percentages  of
overlap,  or  percentages  of  misclassification,  are
lowest  for  the  length  of  the  ultimate  flagello-
mere,  as  well  in  males,  as  in  females.  This  char-
acter  provides  therefore  the  best  univariate  dis-
crimination  of  P.  betularia  and  P.  betulae.  A
more  powerful  interspecific  discrimination  is
obtained  by  various  combinations  of  character
pairs:  (width  head  —  length  ultimate  flagello-
mere),  (width  head  —  length  fourth  flagello-
mere),  (length  gaster  —  length  ultimate  flagello-
mere)  and  (length  fourth  flagellomere  —  width
same  segment)  in  males;  (width  head  —  length
ultimate  flagellomere)  in  females.  All  these  com-
binations  provide  amounts  of  misclassification
below  1%.  The  latter  combination  is  plotted  in
fig.  17.  For  explanation  of  the  technique,  univa-
riate  as  well  as  bivariate,  see  Lubischew  (1962).
In  order  to  obtain  the  best  separation  between
the  two  Platygaster  species,  a  multivariate  func-
tion,  viz.,  discriminant  analysis,  was  carried  out.
This  technique  has  been  explained  by  Pimentel
(1979)  and  was  applied  by  Roskam  (1982).  Per-
centages  of  misclassification  after  application  of
discriminant  analysis  remained  0.02  in  males
and  0.17  in  females.  In  table  2  the  values  of  the
character  set  are  summarized.  In  males,  the
length  of  the  fourth  flagellomere  contributes
most  to  discrimination,  whereas  in  females,  as

was  expected  on  results  of  univariate  analysis,
the  length  of  the  ultimate  flagellomere  is  most
important  for  species  discrimination:  these
characters  scored  the  highest  values  as  coeffi-
cients  for  the  canonical  variâtes,  0.5198  and
0.2914,  respectively.  The  canonical  score  Z
(sum  of  the  products  of  character  values  and
corresponding  coefficients  for  canonical  va-
riâtes,  table  2)  is  plotted  in  fig.  41.  Identification
of  new  specimens  is  possible  by  calculating  their
canonical  score  Z  (Bigelow  &  Reimer,  1954;
Roskam,  1982).  Such  identification  runs  then  as
follows:
Z  males  =  (length  fourth  flagellomere)  +  0.32

(length  ultimate  flagellomere)
-0.21  (width  head)  <  4

P. betularia
Z  males  =  Idem  >  4  P.  betulae
Z  females  =  (length  ultimate  flagellomere)  -I-

0.47  (length  fifth  flagellomere)  -
0.68  (width  fourth  flagellomere)  <
84  P.  betularia

Z  females  =  Idem  >  84  P.  betulae
P.  betularia  has  been  reared  in  considerable

numbers  from  two  different  hosts,  Semudobia
skuhravae  and  S.  betulae.  No  discrimination
between  specimens  reared  from  different  hosts
was  possible  in  an  univariate  way  (table  1).  Also
in  a  multivariate  way,  viz.,  discriminant  analy-
sis,  no  discrimination  was  possible  between
subgroups  of  P.  betularia  which  developed  in
different  host  species:  in  males  misclassification
remained  40.5%;  in  females  32.3%.  Hence,  the
influence  of  the  host  on  the  adult  morphology
of  P.  betularia,  if  present,  is  very  small  and  re-
mains  below  the  resolving  power  of  even  this
sophisticated technique.
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Table 2. Summary of discriminant analyses. Values in brackets not used for calculation of canonical score Z. For
further explanation, see text.

Immature  stages
The  larval  phase  of  many  Platygastridae  is

characterized  by  hypermetamorphosis:  there
are  two  distinct  larval  stages,  which  are  very
different  in  shape  (Leiby  &  Hill,  1924).

First  instar  larvae  of  forms  in  which  hyper-
metamorphosis  occurs  have  a  cyclopoid  shape
(figs.  21  —  23).  They  consist  of  a  céphalothorax
with  huge  mandibles  to  which  a  slender,  5  —  7
segmented  abdomen  is  attached.  Antennae  are
simple,  conical.  The  surrounding  of  the  mouth
is  sclerotized  and  differently  shaped  in  the  var-
ious forms (figs.  18 — 20).  Maxillary sensillae are
only  distinct  in  the  form  attributed  to  Piesto-
pleura  (fig.  22).  In  this  form  the  céphalothorax
bears  two  pseudopodia.  In  Metaclisis  the  ab-
dominal  segments  are  simple,  whereas  in  cf.
Piestopleura  they  seem  to  be  secondarily  subdi-
vided.  The  final  segment  of  Metaclisis  is  bilobed,

in  cf.  Piestopleura  it  is  simple,  with  its  surface
covered  with  small  spinules.  Stigmata  are  lack-
ing.

Platygaster  does  not  pass  a  cyclopoid  stage.
In  this  genus,  the  final  larval  stage  is  preceded
by  a  peculiar  V-shaped  structure  (fig.  25).  In  the
central  "nodule"  of  this  structure  the  embryo
apparently  develops,  whereas  the  two  arms  of
the  "V"  may  function  as  teratocytes,  structures
immobilizing  the  endocrine  system  of  the  host
and/or  immunizing  its  encapsulating  relations
(Sah,  1968;  Vinson  &  Iwantsch,  1980).  The  evi-
dence,  that these V-shaped structures do not be-
long  to  the  normal  development  of  the  host  Se-
mudobia  is  that  in  some  instances  the  nodule
becomes  encapsulated  by  melanin.  Although
some  extensive  reports  on  early  developmental
stages  of  Platygaster  exist  (Marchai,  1906;  Sil-
vestri,  1916;  Leiby  &  Hill,  1924;  Hill  &  Emery,
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Figs. 18—24. Larval platygastrid characters. 18—20, detail of oral region; 21—23, cyclopoid larval stage, ven-
tral aspect; 24, full grown larval stage, lateral aspect. 18—22, endoparasitoids of Dasineura interbracta; 23,
Metaclisis phragmitis; 24, endoparasitoid of Semudobia brevipalpis. a, antenna; cl, clypeal sensilla; dp, dorsal
protuberance; Ibr, labral sensilla; m, mandible; mx, maxillary sensilla; prl, lateral prelabial sensilla; prm, median
prelabial sensilla; ps, pseudopodium; s, stigma; sp, spine-like outgrowth; tg, tergal gland. 23, 24 X 100; 21, 22,
X 240; 18—20, x 400.

1937;  Clausen,  1956),  V-shaped  structures,  in
connexion  to  platygastrid  parasitation,  re-
mained unobserved.

After  a  moulting,  final  instar  larvae  develop
from  these  primary  stages.  The  terminology  of
the  structures  has  been  treated  by  Roskam
(1982).  The  final  larval  stage  is  apodous  and
consists  of  a  head,  three  thoracic  segments  (Th
1 — 3) and seven or eight abdominal segments (A
1 — 8) of which the final one is the anal segment
(AS).  The  antennae  are  simple  and  inconspicu-
ous.  The  clypeus  bears  one  pair  of  papillae  on
which  a  seta  may  be  developed.  Mandibles  are
distinct.  No  sensillae  are  visible  on  the  underlip
complex.

Second  and  third  thoracic  segments,  and  the
second  abdominal  segment  bear  a  pair  of  func-
tional  stigmata  (figs.  26  —  27);  the  first  abdomi-
nal  segment,  and  in  Metaclisis  also  the  abdomi-
nal  segments  A  3  —  5,  bear  an  oval,  shallow,
plate-like  structure,  in  the  centre  of  which  a  ves-
tigial  stigma  is  present  (fig.  31).  Silvestri  (1916)
made  histological  cross  sections  of  these  struc-
tures  and  named  them  tergal  glands.  He  sup-
posed these glands to have a function during pu-
pation  of  the  parasitoid.  Rows  of  papillae  are

present  on  dorsal,  pleural  and  ventral  surfaces
of  the  body  segments.  Final  instar  larvae  of
Metaclisis,  the  two  Platygaster  species  and  the
Nearctic  form  differ  as  follows.

Metaclisis  phragmitis  (figs.  26,  30,  33,  35  —
36).  —  Clypeal  papillae  with  short  seta.  Mandi-
bles  small  and  curved  (fig.  30).  Eight  abdominal
segments  present,  with  tergal  glands  on  A  1,  A
3  —  5.  Papillary  pattern  rather  complete,  with
one  pair  of  rows  of  dorsal  papillae,  one  pair  of
rows  of  pleural  papillae  and  one  pair  of  rows  of
sternal  papillae  (on  thoracic  segments)  and  ven-
tral  papillae  (on  abdominal  segments).  Two
pairs  of  terminal  papillae  on  dorsal  surface  of
the  anal  segment.  Dorsal  papillae  lacking  on  A  6
and  A  7,  pleural  papillae  sometimes  doubled  on
Th  2  and  Th  3.  Ventral  body  surface  with
rounded Verrucae.

Platygaster  (figs.  17,  28,  31,  32,  34).  —  Cly-
peal  papillae  without  seta.  Mandibles  straight
and  about  twice  as  large  as  those  of  Metaclisis
(fig.  28).  Seven  abdominal  segments  present,
with  tergal  glands  on  A  1  only.  Papillary  pattern
reduced  and  variable.  Dorsal  papillae  usually
absent.  Pleural  papillae  only  on  Th  2  and  Th  3
and,  two  pairs,  on  A  7.  Sternal  papillae,
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Figs. 25 — 36. Larval platygastrid characters. 25, third instar host larva with V-shaped endoparasitoid stai;e,
lateral aspect; 26, 17, full grown endoparasitoid larva, latero-ventral aspect; 28 — 30, mandible of full grown en-
doparasitoid larva; 31, tergal gland on first abdominal segment of full grown larva; 32, 33, stigma on second
thoracic segment of full grown larva; 34, 35, head and sternal aspect of full grown larva; 36, ultimate and penul-
timate segments of full grown larva, ventral aspect. 26, 30, 33, 35, 36, Mctaclisis phragmitis; 25, 27, 28, 31, 32,
34, Platygaster betularia; 29, platygastrid endoparasitoid of Semiidobia brcvipalpis. a, antenna; cl, clvpeal sensil-
la; d, dorsal papilla; m, mandible; p, pleural papilla; s, sternal papilla; t, terminal papilla; tg, tergal gland; v, ven-
tral papilla. 25, X 50; 26, 27, X 60; 34— 36, X 150; 28— 33, X 720.



sometimes  doubled  (fig.  34),  on  all  thoracic  seg-
ments,  ventrals  only  on  A  1.  Scattered  spinules
developed  on  dorsal  surface  of  AS.  Ventral  sur-
face of body segments with longitudinal  striae.

Nearctic  form  (figs.  24,  29).  —  No  papillae
visible,  neither  on  clypeus,  nor  on  body  seg-
ments.  Mandibles  straight  and  resembling  those
of  Platy  gaster  (fig.  29).  Seven  abdominal  seg-
ments  present,  with  tergal  glands  on  A  1  only.
Anal  segment  with  a  huge,  heavily  sclerotized
spine-like  outgrowth  (fig.  24:  sp).  In  lateral  as-
pect  the  larvae  are  triangular,  by  a  bizarre,  allo-
metric  enlargement  of  the  median  protuberance
between  A  1  and  A  2.  Body  surface  without  cu-
ticular  sculptures  as  Verrucae  and  striae;  ventral
surface  of  A  5  slightly  sclerotized.

Means  and  standard  deviations  of  the  length
of  mandibles,  the  diameter  of  the  stigma of  Th  2
and the height of the tergal gland of A 1 are pre-
sented  for  Metadisis,  Platygaster  and  the  Nearc-
tic  form in table 3.  Table 4 presents the same va-
riâtes  for  larvae  of  Platygaster,  dissected  from
Semudobia  hetulae  {=  P-  hetularia)  and  S.  tarda
(=  P.  hetulae).  Contrary  to  the  results  regard-
ing  intergeneric  discrimination,  only  the  height
of  the  tergal  gland  provides  discrimination  at
the  species  level.  As  in  adults,  discriminant  anal-
ysis  provides  the  best  separation  between  larvae

Table 4. Mean values (x) and standard deviations (s) of
cies. (nd), overlap very large, not defined.

of  P.  hetulae  and  P.  hetularia,  although  some
overlap  (6.36%)  remains.  In  table  2  a  summary
of  values  of  the  character  set  is  given.  The
height  of  the  tergal  gland  contributes  most  to
the  discrimination  of  the  two  species.  In  other
words,  specimens  with  high  values  for  the
height  of  the  tergal  gland  and  low values  for  the
length  of  the  mandibles  belong  to  P.  hetulae,
whereas  specimens  with  the  inverse  combina-
tion  of  values  belong  to  P.  hetularia.  The  ca-
nonical  score  from  the  discriminant  analysis  is
plotted  in  fig.  41.  New  specimens  may  be  iden-
tified  by  calculating  their  canoncial  score  Z  as
follows:
Z  larvae  =  (height  tergal  gland)  -I-  0.94

(diameter  stigma  Th  2)  -  0.64
(length  mandible)  >  80  P.  hetulae

Z  larvae  =  Idem  <  80  P.  hetularia
Because  no  discrimination  was  possible  be-

tween  adult  subgroups  of  P.  hetularia  that  de-
veloped  in  the  different  host  species  5.  hetulae
and S>.  skuhravae,  such an analysis for the larval
stages was omitted.

Phenology,  geographical  distribution
and  further  biological  notes

Phenological  observations  were  made  during
1972  and  1985  (figs.  42  and  43,  respectively).
Because  the  early  larval  stages  of  Semudohia

larval characters, measurements in \im. Platygaster spe-
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Figs. 37—40. Adult scutellum, propodeum and first gastral tergite. 37, Platygaster betularia, male; 39, ditto,
female; 38, P. betulae, male; 40, ditto, female. X 250.

species  and  Platygaster  species  are  difficult  to
identify  during  mass  inspections,  the  1972  re-
sults  are  not  presented  for  the  separate  species.
The  1985  results,  specified  for  the  species  in-
volved,  show  that  the  interspecific  differences
concerning  the  flight  period  are  small,  for  Se-
mudobia,  as  well  as  for  Platygaster.  P.  betula-
ria,  the  most  abundant  parasitoid  in  Meijendel,
appeared  first,  followed  by  P.  betnlae.  M.  ph-
ragmitis  is  the  last  one,  but  differed  only  five
days  with  P.  betularia.  All  parasitoid  species
have  a  considerably  longer  flight  period  than
their  hosts.  The  slight  difference  between  P.  be-
tularia  and  P.  betulae  is  corresponding  to  the
difference  of  maximum  activity  of  their  re-
spective hosts, S. betulae and S. tarda.

Adult stages of gall  midges, as well as of para-

sitoids,  appeared  about  a  -  fortnight  earlier  in
1972  than  in  1985,  probably  due  to  the  very
cold  spring  of  the  latter  year.  Furthermore,
adult  gall  midge  activity  lasted  considerably
longer  in  1972  than  in  1985,  as  did,  to  a  lesser
extent,  the  activity  of  the  platygastrids.  A  possi-
ble  explanation  for  the  latter  difference  may  be
the great  variation of  the maximum temperature
m  1985:  a  short  period  of  very  warm  weather
(17—19  May;  t„,,,  =  25°C)  was  followed  by  an
extraordinarily  cold  period  (23  —  24  May;

Platygaster  —  In  the  field,  adult  emergence
coincides  with  the  appearance  of  Semudobia  fe-
males.  Ovipositing  gall  midges  and  parasitoids
frequently  occur  together  on the  same flowering
birch  catkin,  but  in  other  instances  Platygaster
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Fig. 41. Two group discriminant space. Y-axis represents only the sequence of specimens. DA 1, first discrimi-
nant axis; dots, Platy gaster betulae; asterisks, P. betulana.
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Fig. 42. Phenology of platygastrid parasitoids, Meijendel, 1972. LI, L2, L3, Lm: first, second, third, full grown
larval instar, respectively.

females search for host eggs in absence of Semu-
dobia.  Adult  parasitoid  activity  ceases  when
most  of  the  host  eggs  have  been  eclosed  in  the
last  week  of  May.  Parasitized  gall  midge  em-
bryo's  apparently  develop  in  a  normal  way.
Hatched  host  larvae  with  dormant  parasitoids
mine  into  ovaries  of  Betula  and  induce  galls  as
do  healthy  larvae.  Not  before  the  host  reaches
its  early  third  instar,  signs  of  parasitation  ap-
pear.  The  host  becomes  less  mobile  and  looses
its  bright  orange  colour.  In  this  stage  the  V-
shape  "teratocyte  stage"  becomes  apparent.
From  the  end  of  June  until  mid-August  the  final
instar  larva  fills  about  the  whole  body  content
of  its  host.  From  the  end  of  July  parasitoids  pu-
pate,  remaining  within  the  host  skin  and  filling
about  half  the  room  with  meconium.  In  the  sec-
ond  half  of  August  the  pupa  is  dark,  fully  scle-
rotized  and  looses  its  exuviae.  The  adult  over-
winters  in  a  quiescent  condition  and  leaves  the
gall  when  the  temperture  rises  at  the  end  of
April  of  the following year.

Metaclisis.  —  This  parasitoid  is  about  a  week
later  in  development  than  Platygaster.  The  peri-

od  of  adult  flight  is  somewhat  shorter  than  that
of  both  Platygaster  species;  it  lasts  only  two  to
three  weeks.  Cyclopoid  larvae  of  Metaclisis  be-
come  visible  when  the  host  is  in  its  early  third
(final)  instar,  as  does  the  V-shaped  stage  of
Platygaster.  The  cyclopoid  stage,  however,  lasts
considerably longer than the V-shaped one.

Platygaster  and  Metaclisis  were  present  in  all
samples  collected  in  North-Western  Europe,
Switzerland  and  Poland.  Platygaster  was  also
reared  from  samples  collected  in  Wladiwostok,
U.S.S.R.  and  Sapporo,  Japan.  The  lack  of  Meta-
clisis in these samples may be attributed to small
sample  sizes.  Parasitoids  belonging  to  Platygas-
ter  and  Metaclisis  are  absent  from  the  Nearctic:
over  70  samples  collected  in  Canada  (Alberta
and  Quebec)  and  U.S.A.  (Pennsylvania,  Ohio,
Illinois,  South  Dakota,  Montana,  Wyoming  and
Colorado)  contained  abundant  Semndohia  galls,
but  were  free  from  these  parasitoids.  The  un-
described  platygastrid  endoparasitoid  was  dis-
sected  from  galls  induced  by  S.  brevipalpis  Ros-
kam  in  fruit  catkins  of  Betitla  populifolia  Marsh.
(Pennsylvania,  Catskill  formation.  Long  Pond,
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Fig. 43. Field captures of adult platygastrid parasitoids, Meijendel, 1985. Drawn lines, parasitoid females; dot-
ted lines, host females.

Luzerne  County,  Leg.  A.  A.  Heller  &  E.  Ger-
trude  Halbach,  16  —  17.ix.l892).  Not  only  egg-
larval  parasitoids,  one  sample  with  the  undes-
cribed  form  excepted,  but  also  inquiline  gall
midges  are  absent  from  Nearctic  samples  (Ros-
kam,  1979).  Hence,  Nearctic  insect  commu-
nities  centered  upon  Semudobia  are  less  diverse
than  Palaearctic  ones:  two  complete  segments
of  the  food  web,  including  important  mortaHty
factors  in  the  Palaearctic,  are  missing  in  the
Nearctic.

Endoparasitoids  of  Dasineura.  —  Two  gall
midge  species,  viz.,  D.  fastidiosa  Roskam  and
D.  interbracta  Roskam  occur  frequently  in
birch  catkins.  They  are  inquilines  (food  parasi-
toids)  of  Semudobia  species  (Roskam,  1979).
Cyclopoid  stages  of  platygastrid  endoparasi-
toids  (figs.  21,  22)  were  dissected  from  Dasineu-
ra  larvae  collected  from 7.  vi.  — 3.  vii.  1978,  Mei-
jendel,  and  on  20.  vii.  1977,  Norway,  Âseral.  Be-
cause  Dasineura  larva  drop  onto  the  ground

before  the  parasitoids  reach  the  full  grown
instar,  this  stage  has  not  been  observed  and
adults could not be reared.

In  each  parasitized  Dasineura  larva  usually
two  parasitoids,  attributed  to  Piestopleura,  are
present.  The pairs  of  parasitoids  are supposed to
be  twins  as  the  result  of  polyembryonic  devel-
opment.  A  twinning  development  was  earlier
reported  for  another  platygastrid,  namely,
Platygaster  hiemalis  Forster  (Leiby  &  Hill,
1923).

Parasitoid  specificity
In  order  to  determine  host  —  parasitoid  spe-

cificity,  adult  parasitoids  have  been  reared  from
sorted  samples.  The  results  are  presented  in  ta-
ble 5.

Metaclisis  phragmitis,  although  less  common
than  both  Platygaster  species,  is  a  regular  para-
sitoid  of  S.  betulae  and  S.  tarda,  but  could  only
be  reared  once  from  S.  skuhravae.  Platygaster
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betularia  is  a  common  parasitoid  of  S.  skuhra-
vae  and  S.  betulae,  whereas  P.  betulae  is  only
abundant  on  S.  tarda.  Because  egg  sizes  of  the
various  host  species  are  different  (Roskam,
\977),  parasitoids  might  be  able  to  discriminate
between  host  eggs.  Furthermore,  host  prefer-
ence  might  also  have  a  phenological  basis,  be-
cause  small,  but  consistent  differences  exist  be-
tween  the  phenologies  of  the  host  species  (Ros-
kam,  1977):  S.  skuhravae  emerges  first,
followed  by  S.  betulae;  S.  tarda  is  usually  the
latest. Metadisis does not emerge before the sec-
ond  week  of  May;  eggs  of  S.  skuhravae  may  not
be  appropriate  then  anymore  for  oviposition  of
this  parasitoid.  For  the  same  reason  the  pheno-
logies  of  P.  betularia  and  S.  tarda  may  not
match  and,  on  the  other  hand,  those  of  P.  betu-
lae, S. skuhravae and S. betulae.

Within  the  large  genus  Platygaster,  P.  betulae
and  P.  betularia  belong  to  different  species
groups,  which  Kieffer  (1926)  considered  as  dif-
ferent  genera.  This  implies  that  the  closest  rela-
tives  of  both  species  did  develop  on  other  hosts
than  Semudobia.  Therefore,  the  ecological  asso-
ciation  between  Semudobia  and  Platygaster  did
not  affect  their  respective  speciation  patterns
and  a  co-evolutionary  process  cannot  be  re-
sponsible  for  host-  and  egg-larval  parasitoid  di-
versity.  This  is  probably  in  contrast  with  the
speciation  patterns  of  the  food  parasitoids,  viz.,
Dasineura  interbracta  and  D.  fastidiosa  (Ros-
kam,  1979),  and  some  of  the  chalcidoid  parasi-
toids  (Roskam,  in  preparation).

Host  mortality
Host  mortality  has  been  determined  by  dis-

secting  three  samples  of  galls,  collected  in  De-
cember,  1975  and  1983.  The  results  are  pre-
sented in table 6.

As a rule, mortality caused by Metadisis phrag-
mitis  remains  low;  only  in  1983,  Meijendel,
mortality  of  Semudobia  betulae  approached
10%.  Platygaster,  however,  contributed  consid-
erably  to  gall  midge  mortality.  In  Duiven-
voorde,  1975,  and  Meijendel,  1983,  P.  betulae
alone  caused  a  higher  mortality  than  all  chalci-
doid  parasitoids  (about  four  species,  belonging
to three genera) together.

Densities  (numbers  of  specimens  per  unit  of
area)  of  hosts  and  parasitoids  may  be  interre-
lated.  Whether  density-dependent  effects  exist
and  how  to  determine  these  effects  has  been
treated  by  Southwood  (1978).  Many  reports  on
this  subject  have  been  discussed  by  Stubbs
(1977).  Southwood  (1978,  and  references
therein)  supposed  an  exponential  interdepen-
dence  between  the  original  density  of  host  pop-
ulation  Nj  and  the  density  of  survivors  N,  of  a
particular  mortality  factor  according  the  func-
tion.

N,  =  A(NJB  (1)
where  A  and  B  are  constants  that  define  the
relationships  between  mortality  and  density.  In
logarithmic form the equation is linear

Log  N3  =  log  A  +  B  log  N,  (2)
where  B  defines  the  slope  of  the  regression  line
of  log  Ns  over  N^.  When  B  does  not  depart  sig-
nificantly  from  1,  a  density-dependent  effect  is
absent.  However,  when  B  <  1,  the  mortality
factor  has  a  positive  density-dependent  effect:
high host densities (aggregated situations) suffer
proportionally  more  than  low  densities.  B  >  1

Table 5. Parasitoid specificity regarding various Semudobia hosts.

SEMUDOBIA SKUHRAVAE SEMUDOBIA BETULAE SEMUDOBIA TARDA

9  d  9  d  9
Huiahorat
Kootwljk
■iel J ende 1
Ueljsndel
Duivenvoorde
Uperveld
Nieuwkoop

1979
1979
1977
1979
1979
1979
1979

12 7 134
22 59 19

d  9  d  9  d  9

15 31 153

21 57 213
15 46 303

8 29
26 116

477
411
118
138
388

d  9  d  9  d  9

71 80
17 60

3 148
5 140
1 122
- 164
- 110

479
327
145
195
134

1 36—79 297 90 — 293 1073 49—47 92—183 1—9 730
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Table 6. Mortality (%) caused by parasitoids. — , not defined.

represents  the  inverse  situation:  density  depen-
dence  is  negative,  low  host  densities  (segregated
situations)  become  proportionally  more  se-
verely  attacked.  The  intercept  of  the  regression
line,  log  A,  is  not  further  considered;  the  mean-
ing  of  this  constant  is  discussed  by  Hassell
(1975).

In  order  to  determine  the  density-dependent

effect  of  Platygaster,  two  samples  of  catkins  (ten
per  tree)  were  collected  in  Meijendel,  December
1982  and  1983.  Because  each  catkin  was  consid-
ered  a  functional  unit  of  area,  a  patch,  the  num-
bers  of  galls  (NJ  and  of  galls  without  Platygas-
ter  parasitation  (NJ  were  defined  per  catkin.
Interference  between  Platygaster  and  other  par-
asitoids  was  not  considered  because  chalcidoid

Table 7. Density-dependent host mortality. (*), significant, p < 0.05.
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parasitoids  either  refuse  host  larvae  with  Platy-
gaster  parasitoids  (adults),  or  perish  on  such
hosts  (larvae).  Galls  attacked  by  inquiline  Dasi-
neura,  which  indeed  may  contain  parasitized
Semudohia  larvae,  have  not  been  considered
too,  because  it  appeared  impossible  to  deter-
mine parasitation of such hosts.

Two  aspects  become  distinct  from  an  analysis
of  the results  (table 7).  First,  gall  midge densities
vary  considerably  among  different  years.
S.  skuhravae,  as  well  as  S.  tarda,  caused  in  1983
a  tenfold  of  the  galls  of  the  preceding  year  and
S.  hetulae  produced  four  times  more.  Large  dif-
ferences  among  generations  of  different  years
have  also  been  found  for  other  gall  midge  spe-
cies  and  may  occur  commonly  (Skuhrava  et  al.,
1984).  The  mechanisms  that  cause  such  large
fluctuations are not well understood.

Second,  Platygaster  species  indeed  have  dif-
ferent  effects  upon  different  gall  midge  densi-
ties.  Only  about  one  third,  or  less,  of  catkins
with  galls  in  low  densities  (those  of  S.  skuhra-
vae  and  S.  hetulae,  1982),  but  about  two  third
of  catkins  with  galls  in  high  densities  (5.  tarda,
1983)  contained  parasitized  gall  midge  larvae.
This  means  that  many  low  density  patches  re-
mained  unnoticed  („not  localized")  by  oviposit-
ing  parasitoids  and  may  therefore  function  as
escape  possibilities  for  the  midges.  In  high  den-
sity  situations  (5.  tarda,  1983),  almost  all  galls
occur  in  catkins  found  by  parasitoids.  If  B-val-
ues  are  defined  for  patches,  visited  by  parasi-
toids,  a  rather  surprising  result  emerges:  either
B  does  not  significantly  depart  from  1  (5.  hetu-
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lae  —  P.  hetularia,  1983;  S.  tarda  —  P.  hetulae,
1982),  which  means  that  the  parasitoids  are  un-
able to regulate the host  densities;  or  B is  signif-
icantly  larger  than  1  (5.  hetulae  —  P.  hetularia,
1982;  5.  tarda—  P.  hetulae,  1983;  fig.  44),  which
means that  in  those cases the parasitoids  have a
negatively  density-dependent  impact  on  their
hosts.  Moderate  (and,  when  localized,  low)  host
densities  suffer  more  than  high  ones.  Hence,  in
localized  catkins,  escape  possibilities  for  the
midges are larger in patches with high densities.

Combining  the  outcome  for  localized  and  not
localized  catkins,  the  conclusion  is  that  Platy-
gaster parasitoids may be able to eliminate mod-
erate  host  densities.  Escape  possibilities  for  the
gall  midges  remain  in  both  tails  of  their  density
distribution:  in  highly  segregate,  as  well  as  in
highly aggregate situations.

Conclusions
1.  Adult  Platygaster  hetularia  and  P.  hetulae

can  be  distinguished  by  a  combination  of  anten-
nal  characters;  larvae  by  a  combination  of  char-
acters  regarding  the  height  of  the  tergal  gland,
the diameter of the stigma on the second thorac-
ic segment and the length of the mandibles.

2.  No  discrimination  is  possible  between
subgroups of a parasitoid species that developed
in  different  host  species  (e.g.  P.  hetularia  reared
from S. skuhravae or S. hetulae).

3.  All  platygastrid  egg-larval  parasitoids  de-
velop  highly  synchronized  with  their  hosts.
Metaclisis  phragmitis  develops  about  one  week
later  than  both  Platygaster  species.  This  pheno-

0.3117+ 1.1228 log N,

2-2
LogN,

2-2
LogN,

Fig. 44. Density-dependent host mortality. B, slope of the regression line; N^, density of survivors; N,, original
density of host population. Drawn line, regression of N^ over N,; dashed line B = 1. Lett graph, Platygaster
hetularia on Semudobia hetulae, Meijendel, 1982; right graph, P. betulae on S. tarda, Meijendel, 1983. For fur-
ther explanation, see text.
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logical  difference  might  explain  the  absence  of
Metadisis  phragmitis  from  S.  skuhravae.

4.  Platygaster  has  been  reared  from  Western
and  Eastern  Palaeartctic  localities.  Platygaster
and  Metadisis  are  absent  from  Nearctic  Semu-
dobia  galls.  One  Nearctic  collection  of  an  un-
known  egg-larval  parasitoid  excepted,  the
whole  guild  of  egg-larval  parasitoids  is  absent
from this region, as is the guild of inquilines.

5.  Almost  complete  separation  exists  in  the
host  preference  of  the  two  Platygaster  species:
P.  hetularia  is  a  common  parasitoid  of  S.  skuh-
ravae  and  S.  hetulae,  whereas  P.  hetulae  is  com-
mon  on  5.  tarda.  Metadisis  phragmitis^  one  col-
lection  excepted,  has  not  been  reared  from
5. skuhravae.

6.  Diversity  of  egg-larval  parasitoids  and
their  hosts  is  not  a  result  of  co-evolution,  be-
cause  P.  hetularia  and  P.  hetulae  belong  to  dif-
ferent  species  groups,  whereas  Semudohia  spe-
cies are close relatives.

7.  Platygaster  species  are  important  mortali-
ty  factors  of  Semudohia  species  and  may  have  a
density-dependent  impact  on  their  hosts.  Es-
cape  possibilities  for  Semudohia  are  largest  in
highly  aggregate  situations,  as  well  as  in  highly
segregate ones.
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