
THE PHYLOGENY AND EVOLUTIONARY BIOLOGY OF THE PIM PLINAE
(HYMENOPTERA : ICHNEUMONIDAE) 

P au l E g g le to n

A th e s i s  su b m itted  fo r  th e  deg ree  of 
D octor of P h ilo so p h y  

o f th e  U n iv e rs i ty  of London

D epartm ent o f Entomology 
B r i t i s h  Museum (N a tu ra l H is to ry ) 
London

D epartm ent o f P ure & A pplied  
B io lo g y , Im p e r ia l  C o lleg e  
London

May 1989



ABSTRACT

The p h y lo g e n y  and  e v o l u t i o n a r y  b io l o g y  o f  th e  P im p l in a e  a r e  
in v e s t ig a te d  u sin g  a c l a d i s t i c  c o m p a t ib i l i ty  method.

C l a d i s t i c  m ethod o lo gy  i s  re v ie w ed  in  th e  i n t r o d u c t i o n ,  and th e  
advan tages of u s in g  a c o m p a t ib i l i ty  method e x p la in e d . Unweighted and 
w eighted  c o m p a t ib i l i ty  te c h n iq u e s  a re  o u t l in e d .

The p r e s e n t l y  a c c e p te d  c l a s s i f i c a t i o n  o f  th e  P im p l in a e  i s  
i n v e s t i g a t e d  by r e f e r e n c e  to  th e  d i a g n o s t i c  c h a r a c t e r s  u sed  by 
e a r l i e r  w o rk e rs . The P im p lin a e  do n o t form  a n a t u r a l  g ro u p in g  
u sin g  t h i s  c h a ra c te r  s e t .  An a d d i t io n a l  22 new c h a ra c te r s  a re  added 
to  th e  d a ta  s e t  f o r  a f u r t h e r  a n a l y s i s .  The r e s u l t s  show t h a t  th e  
P im plinae  ( s e n s u  l a t o ) form fo u r s e p a r a te  and unconnected  l in e a g e s .  
I t  i s  recommended th a t  th e  l in e a g e s  each  be g iven  su b fam ily  s t a t u s .  
O ther taxonom ic changes a t  t r i b a l  l e v e l  a re  su g g e s ted .

The h o s t and h o s t m ic ro h a b ita t  r e l a t i o n s  of th e  P im p lin ae  ( s e n s u  
s t r i c t o )  a re  p laced  w ith in  th e  e v o lu t io n a ry  framework o f th e  a n a ly se s  
of m o r p h o l o g i c a l  c h a r a c t e r s .  The i m p o r t a n c e  o f  a p r i m i t i v e  
a s s o c ia t io n  w ith  h o s ts  in  decay ing  wood i s  s t r e s s e d ,  and th e  v a r io u s  
e v o lu t io n a ry  pathways away from t h i s  m ic ro h a b ita t  d is c u s s e d .

The b io lo g y  of th e  R hyssinae i s  rev iew ed , e s p e c ia l ly  w ith  r e s p e c t  
to  m ating  b eh av iour and male re p ro d u c tiv e  s t r a t e g i e s .  The R hyssinae 
(78 s p e c ie s )  a re  a n a ly s e d  c l a d i s t i c a l l y  u s in g  62 c h a r a c t e r s ,  b u t 
ex c lu d in g  c h a ra c te r s  th o u g h t to  be connected  w ith  m ating  b eh a v io u r. 
M orphom etric s tu d ie s  show th a t  c e r ta in  male g a s t r a l  c h a ra c te r s  a re  
a s s o c ia te d  w ith  p a r t i c u l a r  m ating sy s tem s. These c h a ra c te r s  a re  used  
in  a r e a n a l y s i s  o f t h e  d a t a  s e t ,  and  i n d i c a t e  t h a t  one  g e n u s  
(M e g a rh y ssa ) app ears to  have evo lved  an extrem e scram ble  c o m p e titio n  
system  u n iq u e ly . The re a n a ly s e d  r e s u l t s  a re  used to  recommend changes 
in  th e  g e n e r ic  l im i t s  w ith in  th e  R h y ssin ae .- E x p la n a tio n s  fo r  th e  
e v o lu tio n  of rh y s s in e  m ating  system s a re  e v a lu a te d . The e v o lu t io n a ry  
b io lo g y  and b iogeography  of th e  group i s  d is c u s s e d .
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CHAPTER 1 :  INTRODUCTION AND METHODS £

1.1 Introduction

T his p r o je c t  loo k s in  some d e t a i l  a t  a su b fam ily  of ichneum onids, th e  
P im p lin ae , and c o n s t r u c ts  p h y lo g e n e tic  h y p o th eses  about them . From 
th e s e  p h y lo g e n e t ic  h y p o th e s e s  id e a s  a b o u t th e  e v o lu t io n  o f th e  
g ro u p ’ s b io lo g y  a r e  d e v e lo p e d . The work i s  in te n d e d  to  s t r a d d l e  
p h y lo g e n e tic s ,  taxonomy and b io lo g y . S ev e ra l w orkers have s t r e s s e d  
t h a t  one o f th e  main aim s of com para tiv e  b io lo g y  sh ou ld  be to  e x p lo re  
th e  e v o lu t io n a r y  h i s t o r y  o f b i o l o g i c a l  t r a i t s  a c r o s s  g ro u p s  o f 
r e l a t e d  o rg an ism s  ( s e e ,  S im pson, 1944 , T in b e rg e n , 1963 ; G ould & 
L ew o n tin , 1979; C lu t to n -B ro c k  & H arv ey , 1984; R id le y ,  1983 ; f o r  
exam ple). That aim i s  p u rsu ed  h e re , b o th  in  term s o f m ating  b eh av io u r 
and of 'h o s t - r e la t e d  b io lo g y  (G auld, 1 988).

Very l i t t l e  i s  known abou t th e  p h y lo g e n e tic  r e l a t i o n s h i p s  w ith in  
th e  Ic h n e u m o n id ae . O nly r e c e n t l y  have l i m i t e d  p a r t s  o f th e  fa m ily  
been  i n v e s t i g a t e d  c l a d i s t i c a l l y  (G au ld , 1983, 1985 , 1 9 8 7 a; W ahl, 
1984, in  p r e s s ) .  As th e  P im p lin a e  i s  c o n s id e r e d  to  be a r a t h e r  
p r im i t iv e  su b fam ily  (G auld, 1984b) in v e s t ig a t io n  of i t s  phylogeny has 
g iv e n  some i n s i g h t s  i n t o  th e  e a r l y  e v o lu t io n  o f th e  f a m ily  as a 
w hole. S ev e ra l taxonom ic changes a re  a ls o  recommended in  th e  l i g h t  of 
th e  p h y lo g e n e tic  a n a ly s e s .

Members o f th e  s u b fa m ily  h ave  v e ry  v a r ie d  b i o l o g i e s ,  e s p e c i a l l y  
w ith  r e s p e c t  to  how th e y  d e a l  w ith  t h e i r  h o s t s .  Some g e n e ra  o f 
p im p lin e s  a re  e c to p a r a s i to id s  of d eep ly  co n cea led  b e e t le  h o s t s ;  some 
a re  e n d o p a ra s i to id s  of exposed L e p id o p te ra  pupae; and some a re  even 
k o in o b io n t  p a r a s i t o i d s  ( t h a t  i s  t h e y  p a r a l y s e  t h e  h o s t  o n ly  
te m p o ra rily )  o f m ature s p id e r s  (G auld, 1984b; F i t to n  e t  a l ,  1988). 
T h is wide spectrum  of h o s t  a s s o c ia t io n s  w ith in  one a p p a re n t l in e a g e  
makes in v e s t ig a t io n s  o f how th e s e  a s s o c ia t io n s  may have d ev e lo p ed , in  
an e v o lu t io n a ry  se n se , o f s p e c ia l  i n t e r e s t .  Gauld (1988) h as p o in te d  
o u t th a t  an e v o lu t io n a ry  pathway can be d isc e rn e d  from one h o s t to
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a n o th e r , and th e  work h e re  w i l l  i n v e s t ig a te  i f  t h i s  i s  a p h y lo g e n e tic  
pathway.

E a rly  on in  th e  work i t  was d isc o v e re d  th a t  th e  g en e ra  w ith in  th e  
P im p lin a e  c o u ld  n o t e a s i l y  be f i t t e d  i n t o  any e v o lu t io n a r y  schem e 
w hich p o s t u l a t e d  t h a t  th e y  w ere h o l o p h y l e t i c .  F or t h i s  re a s o n  th e  
work h as been s p l i t  i n t o  two s e c t i o n s .  The f i r s t  d e a l s  w ith  th e  
p h y l o g e n e t i c  r e l a t i o n s h i p s  w i t h i n  t h e  p im p l in e s  a s  p r e s e n t l y  
r e c o g n is e d  ( c h a p t e r s  2 and  3 ) ,  and  t h e  e v o l u t i o n  o f  t h e  h o s t -  
p r e f e r e n c e s  o f  a m ore l i m i t e d  d e m o n s t r a b ly  h o l o p h y l e t i c  g ro u p  
(c h a p te r  4) . The seco n d  e x p lo r e s  in  some d e t a i l  th e  p h y lo g e n y  and 
b io lo g y  o f a group which i s  shown to  be p a r a p h y le t ic  w ith  r e s p e c t  to  
th e  r e s t  o f th e  p im p lin e s , th e  R h y ss in i (c h a p te rs  5 and 6 ) .  In  b o th  
ca ses  a d e ta i l e d  c l a d i s t i c  a n a ly s is  (u s in g  a c o m p a t ib i l i ty  method) 
forms th e  framework f o r  th e  c o n s id e r a t io n  o f b io lo g ic a l  e v o lu t io n .  A 
secondary  aim of th e  p r o je c t  i s  to  see  how f a r  b io lo g ic a l  c h a r a c te r s  
can be u sed  to  make p h y lo g e n e t ic  h y p o th e s e s  in  th e m s e lv e s .  T h is  
a p p l ie s  e s p e c ia l ly  to  male g a s t r a l  c h a ra c te r s  a s s o c ia te d  w ith  male 
m ating  system s in  th e  rh y s s in e  a n a ly s is  (c h a p te r  6 ) .

The seco n d  g ro up  o f ich n eu m o n id s  c o n s id e r e d  h e r e ,  th e  R h y s s in i ,  
have been th e  focus of a g re a t  d e a l o f s tu d y  becau se  s e v e r a l  o f th e  
H o la rc tic  g en era  have been used  in  b io lo g ic a l  c o n tro l  programmes ( fo r  
r e f e re n c e s ,  see  s e c t io n  5 .1 ) .  T his has meant t h a t  th e  b io lo g y  of a 
number o f th e  s p e c ie s  i s  v e ry  w e ll  known. T h is ,  a g a in ,  m eans t h a t  
b i o l o g i c a l  p a t t e r n s  can be com pared w ith  p h y lo g e n e t ic  o n e s ,  and 
p o s s ib le  e v o lu t io n a r y  p a th w ay s f o r  b i o l o g i c a l  e v o lu t io n  can  be 
p o s tu la te d .

One p a r t i c u l a r  a re a  of b io lo g ic a l  i n t e r e s t  has been rh y s s in e  male 
m atin g  s y s te m s . I n d iv i d u a l s  o f t h i s  g r o u p 'd e v e lo p  on h o s t s  deep  
beneath  th e  s u r fa c e  of f a l l e n  lo g s .  When th ey  have f u l l y  dev e lo p ed  
th e y  m ust chew t h e i r  way up to  th e  s u r f a c e ,  and b e c a u se  o f  t h i s ,  
m ales co n g reg a te  a t  fem ale em ergence s i t e s  (T h o rn h ill  & A lcock , 1983) 
in  o r d e r  t o  m a te  w i th  th e m . N ot a l l  r h y s s i n e s  show t h e  sam e 
b e h a v io u r a l  a d a p ta t io n s  f o r  m ax im is in g  th e  num ber o f fe m a le s  th e y  
c o p u la te  w ith i-S o m e  g u a rd  th e  s p o t  w here th e  fem a le  i s  e m e rg in g ,
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w hile  o th e rs  have ex trem ely  long  g a s te r s  which th e y  i n s e r t  in to  th e  
h o le  th e  fe m a le  makes as she  chews h e r  way to  th e  s u r f a c e .  T hese 
c o p u la te  w ith  h e r  b e f o r e  she has em erged. The p h y lo g e n e tic  a n a ly s is  
en ab le s  th e  observed  p a t t e r n s  o f rh y s s in e  m ating system s to  be p laced  
in  a fram ework, and th e  p o s s ib le  e v o lu t io n a ry  e x p la n a tio n s  fo r  th e  
d if f e r e n c e s  in  m ating  system  a re  e x p lo re d .

The id e a  fo r  t h i s  PhD p r o je c t  a ro se  o r i g i n a l l y  from th e  p re lim in a ry  
p r e p a r a t i o n s  f o r  a R o y a l E n to m o lo g ic a l  H andbook on p im p l in e  
ic h n e u m o n - f l ie s  ( F i t t o n ,  Shaw & G au ld , 1988) . D urin g  th e  work 
u n d e r ta k e n  f o r  t h a t  volum e i t  was d is c o v e r e d  t h a t  a w e a lth  o f new 
b i o l o g i c a l  in f o r m a t io n  e x i s t e d  f o r  th e  g ro u p . T h is ,  i t  was f e l t ,  
co u ld  p r o f i t a b l y  be p la c e d  in  an e v o lu t io n a r y  fram ew o rk , in  a way 
th a t  would n o t be s u i t a b le  in  a handbook.

1.2 Choice of methods of phylogenetic reconstruction

Given th e  n a tu re  o f th e  p r o je c t  i t  i s  im p o rta n t to  chose a method 
of p h y lo g e n e t ic  r e c o n s t r u c t i o n  w hich a l lo w s  o f e a sy  co m p ariso n  o f 
b io lo g y  and phy logeny . The methods a re  d isc u s se d  below  as w e ll as th e  
r a t io n a l e  f o r  u s in g  them. This i s  n o t in te n d e d  to  be a com prehensive 
rev iew  of contem porary  c l a d i s t i c  m ethodology. E x c e l le n t  rev iew s e x i s t  
on t h i s  t o p i c  (W ile y , 1 9 8 1 ; R i d l e y ,  1 9 8 6 ; F e l s e n s t e i n ,  1 9 8 2 ) ,  
sum m arising th e  v a s t  body o f l i t e r a t u r e  on th e  s u b je c t .

To make e v o lu t io n a ry  sen se  o f b io lo g ic a l  ( i . e .  non m o rp ho lo g ica l) 
d a t a  i t  i s  n e c e s s a r y  to  h a v e  h y p o t h e s e s  a b o u t  p h y l o g e n e t i c  
r e l a t i o n s h ip s  betw een g ro up s. The number o f ways to  c o n s t ru c t  th e s e  
hypo th eses have m u l t ip l ie d ,  making i t  h a rd e r  and h a rd e r  to  j u s t i f y  
u s in g  one r a t h e r  th a n  a n o th e r .  The m ethods^ u se d  h e re  h av e  been  
chosen fo r  f a i r l y  p rag m atic  re a s o n s , b u t i s  seems w orth  d is c u s s in g  
th e  a l t e r n a t i v e s  in  a l i t t l e  d e t a i l  to  show th e  t h e o r e t i c a l  b a s i s  
u n d e r ly in g  th e m . F o r s i m p l i c i t y ' s  s a k e  th e  m ain  e v o l u t i o n a r y  
m e th o d o lo g ie s  have been  s p l i t  i n t o  tw o: e v o l u t i o n a r y  taxonom y and 
c l a d i s t i c s  and one n o n -e v o lu tio n a ry  m e th o d o lo g y ,p h e n e tic s , w i l l  be 
m entioned b r i e f l y .
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1 .2 .1 .  P h e n e tic s  (nu m erica l taxonomy)

A method developed  by Sneath  & Sokal (1973) which r e l i e s  on com paring 
c h a r a c t e r s  t o  g iv e  an  in d e x  o f  o v e r a l l  s i m i l a r i t y .  As many 
c h a r a c t e r s  a r e  used  as p o s s ib l e  and th e s e  c h a r a c t e r s  a r e  u s u a l l y  
n e i t h e r  w e ig h te d  n o r  a s s i g n e d  p o l a r i t y .  T h is  l e a d s  t o  a n o n -  
e v o lu t io n a ry  c l a s s i f i c a t i o n  o f th e  tax a  in v o lv e d . For th e  p u rp o ses 
o f t h i s  work th e  ap p ro ach  h as  few a t t r a c t i o n s  a s  p h y l o g e n e t i c a l l y  
m eaningfu l c h a ra c te r s  a re  l i k e l y  to  be swamped by h ig h ly  h o m o p la s tic  
o n es.

1 .2 .2 .  E v o lu tio n a ry  Taxonomy

A method whose b e s t  known a d h e re n ts  a re  Mayr (1942, 1963, 1969) and 
Simpson (1944, 1953, 1961). T h is in v o lv e s  i n t u i t i v e  judgm ents based  
on sy s te m a tic  e x p e rie n c e . In  th e  hands o f an e x p e rien c e d  tax o n o m ist 
t h i s  may tu rn  o u t to  be th e  b e s t  o p t io n . However, i t s  m ethodology i s  
n o t e x p l i c i t  and some o f th e  ’ i n t u i t i v e '  a s p e c t s  a r e  n o t e a s i l y  
t r a n s f e r a b le  from one group to  a n o th e r .

1 .2 .3 .  C l a d i s t i c s .

Hennig (1950, 1979) began th e  grow th in d u s tr y  which i s  now r e f e r r e d  
to  a s  c l a d i s t i c s  o r p h y lo g e n e t ic  s y s t e m a t i c s .  H is o r i g i n a l  id e a s  
were sim ple and q u i te  e le g a n t ,  even i f  th ey  were couched in  r a t h e r  
opaque lan g u ag e . He su g g ested  th a t  c h a r a c te r s  a c q u ire d  a t  s p e c ia t io n  
(c la d o g e n e tic  c h a ra c te r s )  cou ld  be used as m arkers in d ic a t in g  common 
d e s c e n t .  I f  t h e s e  c h a r a c t e r s  c o u l d  b e  i d e n t i f i e d  t h e n  t h e  
e v o lu tio n a ry  h is to r y  (phylogeny) of g roups cou ld  be r e c o n s t r u c te d .  
From th e se  b eg in n in g s  came a r i c h  b u t a t  tim es c o n fu s in g  v o c a b u la ry , 
which le d  to  d isag reem en ts  which o f te n  seem more sem an tic  th an  r e a l .  
However, c l a d i s t i c s  as o r i g i n a l l y  fo rm u la te d  by H ennig  h as  g r e a t  
advan tages over th e  two p re v io u s ly  m entioned  m e th o d o lo g ie s .
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The f i r s t  i s  t h a t  i t  e x p l i c i t l y  ex c lu d es groups t h a t  do n o t c o n s i s t  o f 
a taxon  and a l l  i t s  d e s c e n d a n ts .  These groups a re  c a l le d  p a r a p h y le t ic  
by Hennig (1 9 5 0 ). The c la s s ic  example i s  th e  group ' r e p t i l e s '  which i s  
a p a r a p h y l e t i c  g ro u p  b ec a u se  i t  e x c lu d e s  th e  g ro u p s  'm am m als' and 
' b i r d s '  ( i f  you  p u t  a l l  t h r e e  t o g e t h e r ,  h o w e v e r , you  do g e t  a 
c l a d i s i t i c a l l y  a c c e p ta b le  g ro u p  -  ' t h e  a m n i o t e s ') .  G roups t h a t  
c o n ta in  a tax o n  and a l l  i t s  d escen d an ts  Hennig c a l l e d  m o n o p h y le tic , 
b u t a re  c a l l e d  h o lo p h y le t ic  h e re  (Ashlock 1971). T h is i s  due to  an 
am bigu ity  o f m eaning. Hennig (1950) used th e  word in  th e  r e s t r i c t e d  
sen se  as e x p la in e d  above, b u t e a r l i e r  w orkers had used i t  to  mean any 
group which was e v o lu t io n a r i ly  r e l a t e d ,  even i f  a l l  th e  d escen d an ts  
were n o t in c lu d e d  (M ayr, 1963 , f o r  exam ple) . H ow ever, f o r  th e  
p u r p o s e s  o f  t h i s  t h e s i s ,  H e n n ig 's  i d e a s  e n a b le  e v o l u t i o n a r i l y  
m eaningful g roups to  be d e l in e a te d ,  and so th e  e v o lu t io n a ry  h i s to r y  
of b io lo g ic a l  c h a ra c te r s  to  be in v e s t ig a te d .  The d i f f e r e n c e  betw een 
th e  e v o lu t io n a r y  taxonom ic  and c l a d i s t i c  a p p ro a c h  can  c l e a r l y  be 
seen .

The seco n d , and more mixed, b le s s in g  t h a t  came from Hennig i s  t h a t  
a lg o r i th m s  c o u ld  be d e v is e d  to  a n a ly s e  d a ta  c o n ta in in g  p o t e n t i a l  
p h y l o g e n e t i c  i n f o r m a t i o n .  T h is  h a s  m e a n t t h a t  a n u m b er o f  
m e th o d o lo g ie s  have been  d e v is e d  to  cope w ith  p h y lo g e n e t ic  d a t a .  
These m ethods can b ro ad ly  be d e s c r ib e d  as parsim ony and c o m p a t ib i l i ty  
(F e ls e n s te in ,  1982), and a re  d isc u s se d  in  some d e t a i l  below .

C la d i s t i c s  g iv e s  an e x p l i c i t  m ethodology fo r  c o n s t ru c t in g  h y p o th eses  
about e v o lu t io n a ry  r e la t io n s h ip s  which i s  r e p e a ta b le  and can be used  to  
look  a t  b io lo g ic a l  p a t t e r n s .  I t  would seem th e r e f o r e  to  be th e  most 
s u i t a b l e  a p p ro a c h  f o r  t h i s  w ork, a l th o u g h  t h e r e  i s  s t i l l  a l o t  o f  
u n c e r ta in ty  abou t what a c l a d i s t i c  a n a ly s is  a c tu a l ly  p ro du ces -  a t r u e  
e v o lu t io n a ry  h i s t o r y  o r j u s t  a co n v en ien t o rd e r in g  o f se n se  d a ta ?

1 .2 .4 .  What can c l a d i s t i c s  t e l l  us?

O r ig in a l ly ,  c l a d i s t i c s  c o n c e n tra te d  upon c la d o g e n e s is  and aimed to  f in d
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th e  t ru e  b ra n ch in g  p a t t e r n  of s p e c ia t io n  e v e n ts .  S in ce  th en  i t  has been 
r e a l i s e d  t h a t  i s  an i m p r a c t i c a l  g o a l .  A d iag ram  o b ta in e d  by a 
c l a d i s t i c  a n a ly s is  does n e c e s s a r i ly  show th e  t r u e  r e l a t i o n s h i p s  o f 
t a x a .  T h is  le d  to  a d i s t i n c t i o n  betw een  c la d o g ra m s  -  p a t t e r n s  o f 
s h a r e d  s i m i l a r i t i e s  t h o u g h t  t o  b e  e v o l u t i o n a r y  n o v e l t i e s  
(syn apo m o rp h ies); t r e e s  -  th e  e v o lu t io n a ry  h i s t o r y  o f a g roup ; and 
s c e n a r io s  -  d e s c r ip t io n s  of th e  e v o lu t io n  of a group in c lu d in g  o th e r  
d a ta  such  a s  e c o lo g y  and a d a p ta t io n  ( T a t t e r s a l l  & E ld re d g e  1978; 
E ldredge 1 97 9 ).

T his co n cep tio n  of a cladogram  has le d  many c l a d i s t s  to  th e  p o in t  
w here th e y  a r e  no lo n g e r  i n t e r e s t e d  in  th e  to p o lo g y  o f s p e c i a t i o n  
e v e n ts  ( t r e e s )  b u t on ly  in  th e  p a t t e r n  o f synapom orphies ( P la tn ic k ,  
1980; P anchen  1 9 8 2 ). T h is  d oes n o t im p ly  t h a t  th e s e  c l a d i s t s  a r e  
u n in te re s te d  in  e v o lu t io n , m erely  th a t  th e y  a re  no lo n g e r lo o k in g  f o r  
m ark ers  o f s p e c i a t i o n  e v e n ts ,  and now a llo w  a g r e a t e r  r o l e  f o r  
a n a g e n e tic  p ro c e s s e s .  At th e  extrem e end of t h i s  ten d en cy , how ever, 
th e  p a t t e r n  c l a d i s t s  see  t h e i r  c o n s tru c te d  dendrogram s as n e s te d  s e t s  
of s p e c ia l i s e d  c h a ra c te r s  w ith in  g e n e ra l i s e d  o n e s , w ith  no n e c e s s a r y  
e v o lu t io n a r y  s i g n i f i c a n c e .  One l e a d in g  e x p o n e n t o f t h i s  s c h o o l  
( P a t t e r s o n  1 9 8 0 ) s a y s  " c l a d i s t i c s  i s  n o t  n e c e s s a r i l y  a b o u t  
e v o l u t i o n . . .  I t  i s  about a s im p le r and more b a s ic  m a t te r ,  th e  p a t t e r n  
in  n a tu re " .

I t  i s  a c c e p te d  t h a t  th e  d iag ram s t h a t  have b een  p ro d u c ed  in  th e  
a n a ly s e s  a r e  n o t  t r e e s ,  b u t  a s s e r t e d  t h a t  t h e y  can  be u s e d  to  
c o n s tru c t  p la u s ib le  h ypo th eses abou t t r e e s .  These id e a s  a re  d is c u s s e d  
in  more d e t a i l  in  s e c t io n  1 . 6 .

1 .2 .5 .  M ethodology o f c l a d i s t i c s  -  parsim ony o r c o m p a t ib i l i ty ?

Two main m etho dolog ies have a r i s e n  fo r  th e  c o n s t ru c t io n  o f h y p o th eses  
of e v o l u t i o n a r y  r e l a t i o n s h i p s .  T h ey  may b r o a d l y  b e  t e r m e d  
c o m p a t ib i l i ty  and parsim ony.

C o m p a tib ili ty  methods were f i r s t  su g g e s ted  by W ilson (1965) and by



Le Quesne (1969). The methods r e ly  on sim ple l o g ic .  C o n sid er th e  
d i s t r i b u t i o n  of two tw o -s ta te  c h a ra c te r s  in  a g iv en  group o f ta x a . 
I f  a l l  fo u r p o s s ib le  com bin ation s of th e  c h a ra c te r s  o ccu r in  any fo u r 
ta x a  then  one of th e  c h a r a c te r s  cannot have been d e r iv e d  u n iq u e ly . 
T here m ust be e i t h e r  a r e v e r s a l  o r p a r a l l e l i s m  b etw een  th e  two 
c h a ra c te r s  and th e re  i s  some d eg ree  of homoplasy in  th e  d a ta  s e t .  By 
com paring each c h a ra c te r  a g a in s t  every  o th e r ,  i t  i s  th en  p o s s ib le  to  
i d e n t i f y  h ig h ly  h o m o p la s tic  c h a ra c te r s  (by how many tim es th e y  a re  
’m arked’ as in c o m p a tib le  a c co rd in g  to  th e  above method) and remove 
them one by one u n t i l  a c l iq u e  (E stabrook  e t  a l  1977) o f c h a r a c te r s  
i s  o b ta in e d  w ith  no hom oplasy.

A d d i t i o n a l l y ,  i f  a l l  th e  s t a t e s  a re  p r e s e n t  e x c e p t  th e  d o u b le -  
p le s io m o rp h ic  one ( t h i s  s t i l l  r e f e r s  to  th e  fo u r - ta x a  s i t u a t i o n  a b o v e ), 
th en  a p o la r  in c o m p a t ib i l i ty  a r i s e s .  Here th e  in c o m p a t ib i l i ty  can be 
re s o lv e d  by r e v e r s i n g  th e  p o l a r i t y  o f th e  c h a r a c t e r s ,  t u r n i n g  th e  
double-apom orphic  s t a t e  i n to  th e  d o u b le -p le s io m o rp h ic . When a c l iq u e  
has been produced p o la r  in c o m p a tib le  c h a ra c te r s  can be d e a l t  w ith  in  
t h i s  fa sh io n  (Gauld & Underwood, 1986).

C o m p a tib ili ty  methods t r y  to  m inim ise th e  e f f e c t  o f hom oplasy in  
th e  d a ta  s e t  by rem ov ing  c h a r a c t e r s  w hich a re  in c o m p a t ib le  w ith  a 
c o re  o f o th e r  c h a r a c t e r s ,  w h ich , in  t h e i r  t u r n ,  a r e  assum ed to  be 
r e a s o n a b le  i n d i c a t o r s  o f e v o lu t io n a r y  r e l a t i o n s h i p .  P ars im o n y  
m ethods, on th e  o th e r  hand, assume th a t  e v o lu tio n  has tak en  th e  l e a s t  
number o f s te p s  to  d e r iv e  th e  observed  c h a ra c te r  s e t .  T hat i s  to  say  
th a t  a lg o rith m s  a re  used  t h a t  m inim ise th e  number of c h a r a c te r  s t a t e  
changes in  each  l in e a g e  (G affney , 1979; N elson, 1979, among many).

These methods have t h e i r  s t ro n g  s u p p o r te r s  and c r i t i c s ,  and th e re  has 
been much d i s c u s s i o n ,  e s p e c i a l l y  w ith in  th e  p ag e s  o f S y s t e m a t i c  
Z o o lo g y ,  as to  which i s  b e s t  to  u se , in  th e o ry . The argum ents f o r  
and a g a in s t  each  method w i l l  be d isc u s se d  and i t  i s  e x p la in e d  why a 
c o m p a t ib i l i ty  method i s  used  in  t h i s  work.

I t  i s  perhap s n o t an e x a g g e ra tio n  to  say  th a t  90% of a l l  c l a d i s t i c  
a n a ly se s  use some s o r t  of a parsim ony approach . Because t h i s  i s  th e
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c a se , v o ices  have been r a i s e d  most s t ro n g ly  fo r  and a g a in s t  t h i s  m ethod. 
In  com parison, th e  a t t a c k s  on c o m p a t ib i l i ty  methods have been r e l a t i v e l y  
m uted. They c o n c e n tra te  most s t ro n g ly  on th e  f a c t  t h a t  a co m p a tib le  
c l iq u e  w i l l  o f t e n  c o n ta in  o n ly  a s m a ll  f r a c t i o n  o f th e  o r i g i n a l  
c h a r a c t e r  s e t  u sed  in  th e  a n a l y s i s .  T h is  means t h a t  t h e r e  i s  an 
a p p re c ia b le  lo s s  o f in fo rm a tio n  from h o m o p lastic  c h a r a c te r s  o u ts id e  
th e  c l i q u e  ( F a r r i s ,  1979; H i l l ,  1 9 7 5 ) . However m ethods e x i s t  f o r  
r e in t r o d u c in g  r e j e c t e d  c h a r a c t e r s  i n t o  th e  c l i q u e  by p o s t u l a t i n g  
r e v e r s a l s  o r p a r a l l e l i s m s  in  them . In  a d d i t i o n  c h a r a c t e r s  can  be 
re in tro d u c e d  in to  th e  a n a ly s is  as s u b s e ts  (E stab ro o k , 1978, E stab ro o k  
& A nderson, 1978; see  b elo w ).

Parsim ony methods have s u f fe re d  a more c o n c e rte d  s e r i e s  of a t ta c k s  
over th e  y e a r s .  The f i r s t  i s  a p h i lo s o p h ic a l  p o in t  r e l a t e d  to  th e  
s c i e n t i f i c  s t a t u s  o f th e  m e th o d o lo g y . C l a d i s t s  h av e  lo n g  c la im e d  
th a t  parsim ony m ethods can be c o n s id e red  H y p o th e tic o -d e d u c tiv e  sensu  
P o p p e r)  . The e s s e n c e  o f t h i s  i d e a  i s  t h a t  a p r o p e r l y  fra m e d  
s c i e n t i f i c  h y p o th e s is  s h o u ld  be f a l s i f i a b l e  by a n o th e r  h y p o th e s is  
t h a t  e x p l a i n s  m ore o f  t h e  o b s e r v e d  s t a t e s  and  p a t t e r n s  o f a 
phenomenon. In  parsim ony c l a d i s t i c s  th e  h y p o th eses a re  cladogram s and 
th e  b e s t  h y p o th e s is  i s  assumed to  be th e  cladogram  w ith  th e  s m a l le s t  
number o f c h a r a c t e r  t r a n s f o r m a t io n s .  However, p a r s im o n i s t s  t r e a t  
t h e i r  a n a ly s e s  a s  a s u c c e s s io n  o f t h r e e - t a x o n  p ro b lem s a t  e v e ry  
b ra n c h  o f a c la d o g r a m . T h is  i n v o l v e s  e x a m in in g  e a c h  o f  t h e s e  
p ro b le m s  i n  t u r n  and  i d e n t i f y i n g  w h ich  o f t h e  t h r e e  p o s s i b l e  
arrangem en ts o f th e  ta x a  i s  " f a l s i f i e d  th e  few est number of tim es"  
(G a ffn e y , 1979) . T h is  le a d s  to  a s t e p  w ith  th e  fe w e s t  num ber o f 
t r a n s f o r m a t i o n s ,  a n d , h o p e f u l l y ,  a c la d o g ra m  w i th  t h e  f e w e s t  
c h a r a c t e r - s t a t e  c h a n g e s . The p ro b lem  w hich  th e n  a r i s e s  i s  t h a t  a 
h y p o t h e s i s  w h ic h  may a l r e a d y  h a v e  h a d  m any o f  i t s  b r a n c h e s  
" f a l s i f i e d "  , i s  th en  t e s te d  to  see  i f  i t  i s  ~ " f a l s i f i a b l e " . Panchen 
(1982) a rg u es p e r s u a s iv e ly  th a t  t h i s  i s  n o t th e  h y p o th e tic o -d e d u c tiv e  
method in  i t s  P op perian  se n se . T h is may seem a r a t h e r  a r id  p o in t  to  
make, b u t in  f a c t  i t  i s  q u i t e  im p o r ta n t  g iv e n  some p a r s i m o n i s t 1 s 
a t t i t u d e  to  t h e i r  a p p ro a c h . They have o f te n  c la im e d  a s c i e n t i f i c  
a u th o r i ty  which may in  th e  l i g h t  o f th e  above c o n c lu s io n s , tu rn  o u t 
to  be q u e s tio n a b le  (Panchen, op c i t ) .
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A le s s  e s o te r i c  l in e  of argum ent r e l a t e s  to  th e  s o r t  o f e v o lu t io n a ry  
p ro ce sse s  t h a t  parsim ony a n a ly s e s  assume a re  o c c u r r in g .  Underwood 
(1982) and Gauld & Underwood (1986) p o in t  ou t th a t  o rth o d o x  parsim ony 
methods assume th a t  m arkers w i l l  appear a t  s p e c ia t io n  and l a b e l  t h i s  
e v e n t, presum ably  in  th e  newly a r i s i n g  s p e c ie s .  T rac in g  th e  p a t t e r n  
of th e se  c h a r a c te r s  w i l l  g iv e  th e  h i s to r y  of s p e c ia t io n  e v e n ts  f o r  
t h i s  group . The im p lic a t io n  i s  t h a t  e v o lu tio n  m in im ises th e  amount 
of a n a g e n e s is  ( m o d i f ic a t io n s  o c c u r r in g  in  a s i n g l e  l i n e  w ith o u t  
s p e c i a t i o n )  . T h is  i s  c o n s i d e r e d  by many a u t h o r s  t o  b e  an  
u n r e a s o n a b le  a s s u m p tio n  (G a u ld  & U nderw ood 1 9 8 6 : " P a rs im o n y
a n a ly s i s ----- ap p ea rs  to  assume th a t  th e  b e s t  e s t im a te  o f phylogeny i s
one which m axim ises th e  d e sc e n t and m inim ises th e  m o d if ic a t io n .  In  
th e  absence of ev iden ce  to  su p p o rt i t  t h i s  i s  a g r a tu i to u s  assum ption  
which i s  b e t t e r  avoided  i f  p o s s i b l e " ) .

Parsim ony methods presum ably  work w ell fo r  groups where l e v e ls  of 
homoplasy a re  low -  when, b ro a d ly  sp e ak in g , hom oplasy can be eq u a ted  
w ith  a n a g e n e tic  p ro c e s s e s . However, r e v e r s a l  and p a r a l l e l i s m s  th a t  
rem ain u n d e te c te d  and a r i s e  from p o s t - s p e c ia t io n  e v e n ts  i n e v i t a b ly  w i l l  
add a s i g n i f i c a n t  amount of n o is e  to  th e  a n a ly s i s .  I t  seems th e n , in  
th e  absence of f ix e d ,  u n p la s t i c  m arkers o f c la d o g e n e s is ,  t h a t  th e  se a rc h  
fo r  th e  p a t t e r n  of s p e c ia t io n  w ith in  a group i s  u n p r o f i ta b le .  The 
p r a c t i c a l  r e s u l t  of t h i s  seems to  be (G auld, 1985) t h a t  a parsim ony 
method means t h a t  "a la r g e  s e t  o f c o in c id e n ta l  'b a d ' c h a r a c te r s  w i l l  be 
favoured  a t  th e  expense of even a v e ry  s l i g h t l y  s m a lle r  s e t  o f 'g o o d ' 
c h a r a c t e r s " .  In  th e  O p h io n in a e  d a ta  s e t  w hich G auld  s t u d i e d  t h i s  
o f te n  meant t h a t  ta x a  were grouped to g e th e r  by c h a r a c te r s  t h a t  would 
be co n s id e red  by c l a s s i c a l  tax o n o m is ts  to  be 'b a d ' .  W iley (1975) 
defends th e  parsim ony approach  a g a in s t  such argum ents by sa y in g  th a t  
a cladogram  which im p lie s  th e  l e a s t  p a r a l l e l  and co n v ergen t e v o lu t io n  
and th e  few est r e v e r s a l  i s  most a p p l ic a b le  " n o t b ecau se  n a tu re  i s  
p a r s im o n io u s ,  b u t  b e c a u s e  o n ly  p a r s im o n io u s  h y p o th e s e s  c a n  be 
defended by th e  i n v e s t ig a to r  w ith o u t r e s o r t in g  to  a u th o r i ta r ia n is m  o r 
a p r io r ism " .

Some w o rk e rs  have p o in te d  o u t t h a t  t h e r e  a r e  num ber o f a lm o s t
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e q u a lly  p arsim on iou s cladogram s th a t  can be produced from th e  same 
d a ta  s e t  ( S t r a u c h ,  1 9 8 4 ) r and  t h a t  th e  p o s i t i o n  o f  t a x a  in  a 
cladogram  can be dependent upon th e  o rd e r  in  which th e  ta x a  a re  fed  
i n to  th e  a n a l y s i s  (G au ld , 1 9 8 5 ). In d ee d  i t  i s  n o t  p o s s ib l e  to  
p r e d i c t ,  f o r  l a r g e  d a t a  s e t s ,  th e  a c t u a l  minimum t r e e  l e n g t h  
( F e l s e n s t e i n , 1982; Day, 1983) s in c e  th e  number o f t r e e s  becom es 
l a r g e r  th an  A vogadro 's number a t  around 20 ta x a , and i t  i s  th e r e f o r e  
c o m p u ta tio n a lly  im p ra c t ic a b le  to  produce a l l  t r e e s  and th en  choose 
th e  most p a r s im o n io u s .  Some m ethods how ever do e x i s t  t h a t  w i l l  
produce th e  most p a rs im o n io u s  t r e e  in  c a se s  w ith  sm all d a ta  s e t s  (see  
F e ls e n s te in ,  1 982). However, as i s  d is c u s se d  l a t e r ,  th e  d isc o v e ry  of 
th e  l a r g e s t  c l iq u e  in  a d a ta  s e t  can be burdened w ith  th e  same k ind  
of d i f f i c u l t i e s .

More r e c e n t ly ,  w orkers have t r i e d  to  look  fo r  th e  o c c a s io n s  where 
e i t h e r  method m ight be a p p l ic a b le .  T his has in v o lv ed  a s t a t i s t i c a l  
approach r e l a t e d  to  maximum l ik e l ih o o d  m ethods. F e ls e n s te in  (1981):
" __ unequal w eig h ts  a re  a c o r o l l a r y  o f unequal r a t e s  o f e v o lu t io n  of
d i f f e r e n t  c h a r a c te r s .  When r a t e s  of e v o lu tio n  a re  v ery  low __  th e
w eights become more e q u a l, le a d in g  in  th e  extrem e to  th e  su p p o rt fo r  
unw eighted parsim ony m ethods. When r a t e s  of e v o lu t io n  a re  known to  be 
v ery  u n eq ua l, th e  use of c o m p a t ib i l i ty  methods i s  su p p o rted  p ro v id ed  
th a t  we do n o t know in  advance which c h a ra c te r s  have th e  h ig h  r a t e s  of 
e v o lu t io n . " Parsim ony and c o m p a t ib i l i ty  methods o n ly  work where th e re  
a re  low o v e r a l l  r a t e s  o f e v o lu t io n ,  F e ls e n s te in  (1978) has shown t h a t  a t  
h ig h  r a t e s  o f e v o lu t io n  n e i t h e r  m ethod w i l l  p ro d u c e  th e  c o r r e c t  
phylogeny even i f  an i n f i n i t e  number of c h a ra c te r s  a re  em ployed. He 
p o in ts  o u t t h a t  th e  p ro b lem  becom es e s p e c i a l l y  a c u te  i f  r a t e s  o f 
e v o lu tio n  in  d i f f e r e n t  l in e a g e s  a re  v ery  u n eq u a l.

F i n a l l y ,  Day & S a n k o f f  (1 9 8 6 )  h a v e - show n  t h a t  " . . .  
c o m p u ta tio n a lly  —  e f f i c i e n t  a lg o rith m s  cannot be d es ig n ed  to  o b ta in  
g lo b a l ly  o p t im a l  s o l u t i o n s  f o r  im p o r ta n t  c o m p a t i b i l i t y  p ro b le m s " . 
They a re  N P-com plete ( F e ls e n s te in ,  1982), meaning t h a t  th ey  a re  in  a 
c la s s  of co m p u ta tio n a l p roblem s which a re  known to  have no e f f i c i e n t  
a lg o r i th m  to  s o lv e  them . The same h as  been  p ro v en  to  be t r u e  o f 
c o m p a t ib i l i ty  m ethods (Day 1 98 3 ). P r a c t i c a l l y ,  t h i s  means t h a t  any
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parsim ony or c o m p a t ib i l i ty  methods r e ly  on lo c a l ly  o p tim a l s o lu t io n s ,  
and can th e re fo re  never be c o n s id e re d  t o t a l l y  r e l i a b l e .  I t  i s  alw ays 
p o s s ib le  t h a t  th e re  i s  a s t a t i s t i c a l l y  l e s s  l i k e l y  c l iq u e  o r a more 
parsim on ious cladogram  th an  th a t  re v e a le d  by contem porary  m ethods.

1 . 2 . 6 . Which method i s  s u i t a b le  h e re ?

The m ajo r q u e s t io n  to  a sk  h e re  r e l a t e s  to  w hat we know a b o u t th e  
r a t e s  o f e v o l u t i o n  i n  ic h n e u m o n id s  and  o t h e r  H y m e n o p te ra . To 
summarise F e ls e n s te in  (1982) th e  fo llo w in g  c o n d it io n s  ap p ly :

1 . R a te s  o f  e v o l u t i o n  a r e  u n i f o r m l y  h ig h  a c r o s s  a l l
c h a r a c t e r s  i n  t h e  d a t a  s e t .  N e i t h e r  m e th o d  i s
a p p l ic a b le .

2 . R a te s  o f e v o lu t io n  a r e  low a c r o s s  a l l  c h a r a c t e r s  i n  th e  
d a ta  s e t .

A. R a te s  o f  e v o l u t i o n  a r e  low  a n d  u n i f o r m l y  
s p r e a d  a c r o s s  t h e  d a t a  s e t .  An u n w e ig h te d  p a r s im o n y  
method i s  a p p l ic a b le .

B. R a te s  o f  e v o l u t i o n  a r e  low  b u t  u n e v e n l y  
s c a t t e r e d  a c r o s s  t h e  c h a r a c t e r s  i n  a way n o t  
p r e d i c t a b l e  b e f o r e  t h e  a n a l y s i s .  A c o m p a t i b i l i t y  m e th o d  
i s  a p p l ic a b le .

So what do we know about o v e r a l l  r a t e s  o f e v o lu tio n  and th e  s c a t t e r  
o f in d iv id u a l  r a t e s  o f e v o lu t io n  in  ichneum onids? The m ajor s tu d ie s  
which examine ichneum onids u s in g  a method g iv in g  some o b je c t iv e  id e a  
about l e v e ls  o f hom oplasy (Gauld & Underwood 1986) a re  Gauld (1983; 
1985) on th e  s u b fa m ilie s  L aben inae and O phioninae r e s p e c t iv e ly .  In  
b o th  s t u d i e s  th e  'o b s e r v e d :e x p e c te d  LeQuesne t e s t  f a i l u r e s '  ( s e e  
below) were used  as a r e l a t i v e  m easure o f hom oplasy. In  th e  la b e n in e  
s tu d y  th e  f a i l u r e  r a t e s  v a r ie d  from  b e tw een  0 .0 0  and 0 .9 7 ;  i n  th e
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o p h io n in e  s tu d y  th e  f a i l u r e  r a t e s  w ere from  0 .0 0  to  1 .2 5 .  V a lu es  
c lo s e  to  0 i n d ic a te  c h a ra c te r s  w ith  low r e l a t i v e  hom oplasy. In  b o th  
c a s e s  some c h a r a c t e r s  w ere c l e a r l y  v e ry  h ig h ly  h o m o p la s t ic ,  w h ile  
o th e rs  were of low hom oplasy. In  b o th  c a se s  th e  s c a t t e r  of hom oplasy 
i s  v e ry  g r e a t  w hich s u g g e s ts  t h a t  a c o m p a t i b i l i t y  m ethod w ould be 
more a p p ro p r ia te .  The same s o r t s  of p a t t e r n s  of hom oplasy a re  found 
in  th e  d a ta  s e t s  used  h e re  (c h a p te rs  2 , 3 and 6 ) .  However, th e re  a re  
t h r e e  p ro b le m s  a s s o c i a t e d  w i th  a c c e p t i n g  t h i s  e v id e n c e  a s  a 
endorsem ent fo r  a s im p le  c o m p a t ib i l i ty  app ro ach .

F i r s t ,  F e ls e n s te in  (1982) g iv e s  no c lu e  as to  th e  s o r t s  o f s c a t t e r  
of homoplasy which sh o u ld  le a d  to  th e  a d o p tio n  of e i t h e r  m ethod. The 
le v e ls  of hom oplasy in  ichneum onid d a ta  s e t s  i s  u n d o ub ted ly  h ig h  in  
com parison w ith  o th e r  groups (S tr a u c h 's  d a ta  s e t  fo r  A lc id ae  which 
has an o v e r a l l  r a t i o  of 0 .19  and a s c a t t e r  from betw een 0 .00  and 0 .8 ,  
fo r  exam ple; Gauld & Underwood, 1986) b u t th e re  i s  no way of t e l l i n g  
w hether th e s e  o th e r  groups have i n t r i n s i c a l l y  low s c a t t e r s  o r j u s t  
r e l a t i v e l y  low s c a t t e r s .

Second, le a d in g  on from th e  f i r s t  p o in t ;  a re  th e  l e v e ls  o f o v e r a l l  
homoplasy so h igh  th a t  n e i th e r  method i s  a p p ro p r ia te ?  O phionines have 
an o v e ra l l  random ness r a t i o  o f 0 .83  and p im p lin e s  an o v e r a l l  r a t i o  o f
0 .7 6 .  Even a c c e p t in g  th e  p ro b lem  d is c u s s e d  above t h i s  i s  s t i l l  
enorm ously h ig h e r  th an  th e  A lc id a e  d a ta  r a t i o  (0 .16 ) m entioned above. 
I t  does n o t seem to  be th e  c a s e  t h a t  a few h o m o p la s t ic  c h a r a c t e r s  
account fo r  th e  bu lk  o f th e  r a t i o  e i t h e r ;  th e r e  a re  a s i g n i f i c a n t  number 
of c h a r a c t e r s  w ith  medium l e v e l s  o f h o m o p lasy . T h is  i s  a l l  v e ry  
u n fo r tu n a te ,  and must p o in t  to  th e  p o s s i b i l i t y  th a t  hom oplasy l e v e ls  a re  
too  h igh  in  ichneum onids fo r  th e  t r u e  cladogram  to  be found . However, 
no method seems to  e x i s t  to  t e l l  e i t h e r  way.

T h ird , i t  cou ld  be argued  t h a t  th e  so u rc e s  of hom oplasy a re  c le a r  in  
ichneum onid d a ta  s e t s :  th e  la r g e  number o f lo s s  c h a r a c te r s  which a re  
employed. I f  t h i s  were th e  ca se  th en  th e s e  cou ld  be removed b efo reh an d  
and an unw eighted  parsim ony method u n d e rtak e n  on th e  rem ain in g  c h a r a c te r  
s e t .  The problem  w ith  t h i s  approach  i s  t h a t  a v ery  h ig h  p ro p o r t io n  o f 
c h a ra c te r s  in  ichneum onid d a ta  s e t s  a re  l o s s  c h a r a c te r s .  For exam ple,
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in  th e  o ph ion in e  d a ta  s e t  24 out 89 c h a ra c te r s  a re  lo s s  c h a r a c te r s .  
T h is  s i t u a t i o n  m eans t h a t  i t  i s  v e r y  d i f f i c u l t  t o  c o n s t r u c t  
c lad o g ram s w ith o u t  u s in g  lo s s  c h a r a c t e r s  and so  i t  i s  u s u a l l y  n o t 
p o s s ib le  to  remove them b efo reh an d . The a l t e r n a t i v e  to  t h i s  m ight be 
to  run th e  c h a ra c te r s  th rough  a Lequesne t e s t  programme b e fo re  hand 
and then  tak e  o u t th e  w o rs t. I t  i s  n o t c le a r  w hether t h i s  would (1) 
be a n y  d i f f e r e n t  fro m  t h e  n o r m a l  c o m p a t i b i l i t y  m e th o d ;  ( 2 ) 
s t a t i s t i c a l l y  v a l id  (due to  d a ta  d re d g in g ; S e lv in  & S tu a r t ,  1966).

The co n c lu s io n  to  th e  above d is c u s s io n  must be t h a t  i f  any method 
i s  a p p ro p r ia te  in  t h i s  case then  i t  i s  a c o m p a t ib i l i ty  m ethod. In  
a d d i t i o n ,  a s  p o i n t e d  o u t  by Le Q u e sn e , (1 9 8 2 ) ’’c o m p a t i b i l i t y  
m e t h o d s . . .  a r e  c l o s e  to  th e  i m p l i c i t ,  s o m e tim e s  s u b c o n s c i o u s ,
judgm ents long  made by tax o n o m ists  when a s s e s s in g  r e l a t i o n s h i p s __
C l a s s i c a l  t a x o n o m is t s  te n d  to  t h i n k  i n  te rm s  o f ' s t a b l e '  and  
'u n s t a b le ' c h a r a c te r s ,  and hope to  f in d  some in  th e  form er c a te g o ry  
th a t  a re  good in d ic a to r s  of th e  h i s to r y  o f th e  g ro u p ."  In  d a ta  s e t s  
w here th e r e  i s  a h ig h  d e g re e  o f h o m o p lasy , m ethods t h a t  a llo w  th e  
i d e n t i f i c a t i o n  o f 'u n s t a b l e '  c h a r a c t e r s  m ust r e p r e s e n t  th e  m ost 
re a so n a b le  p ro ce d u re .

The o th e r  m ajor reaso n  why a c o m p a t ib i l i ty  method i s  chosen h e re  i s  
because i t  g iv e s  a m easure of how co m p a tib le  c h a ra c te r  s t a t e s  (of any 
k in d , w hether b io lo g ic a l  o r m o rp ho log ica l) a re  w ith  each o th e r .  T h is 
means t h a t  i t  i s  p o s s ib l e  to  c o n je c tu r e  how many t im e s  a c e r t a i n  
f e a t u r e  may have e v o lv e d  in  a g iv e n  g ro u p , by e x p la in in g  w here 
p a r a l l e l i s m s  o r  r e v e r s a l s  may h av e  o c c u r r e d .  T h is  i s  e s p e c i a l l y  
im p o rtan t in  c h a p te r  6 , where th e  e v o lu t io n  of s t r u c tu r e s  r e l a t e d  to  
m ale  m a tin g  s y s te m s  a r e  d i s c u s s e d ,  and  th e  m a le  m a t in g  s y s te m  
s t r u c tu r e s  tu rn  o u t to  be more co m p a tib le  w ith  th e  o v e r a l l  c h a r a c te r  
s e t  than  th e  c h a ra c te r s  which im ply th a t  they 7 have evo lved  a number 
o f tim es in  s e p a ra te  l in e a g e s .  H ere, th e  c o m p a t ib i l i ty  method shows 
m ore c l e a r l y  a c t u a l  p a t t e r n  o f  i n c o m p a t i b i l i t i e s  th a n  w o u ld  a 
parsim ony m ethod. This a b i l i t y  to  judge  th e  e v o lu t io n a ry  s ig n i f i c a n c e  
o f one c h a ra c te r  a g a in s t  a n o th e r , in  th e  c o n te x t  o f a la r g e  c h a r a c te r  
s e t ,  i s  p erhaps th e  most u s e fu l  f e a tu r e  o f a c o m p a t ib i l i ty  a n a ly s i s ,  
and th e  one t h a t  makes i t s  use e s s e n t i a l  h e r e .
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1.3. Definitions and assumptions made in this study

T h ro u g h o u t t h i s  w ork th e  te r m s  h o l o p h y l e t i c , p a r a p h y l e t i c  and  
p o ly p h y le t ic  a re  used in  th e  sen se  o f A shlock (1971) . H o lo p h y le tic  
h as  b een  u s e d  r a t h e r  th a n  ' m o n o p h y l e t i c ' i n  o r d e r  to  r e d u c e  
c o n fu s io n . Hom oplasy in c lu d e s  a l l  i n s t a n c e s  o f (1) c o n v e rg e n c e  -  
s p e c ie s  ev o lv in g  s im i la r  s t r u c tu r e s  a lo n g  d i f f e r e n t  p h y le t ic  l i n e s ;
(2 ) p a r a l l e l i s m  -  c lo s e ly  r e l a t e d  s p e c ie s  e v o lv in g  s im i la r  s t r u c tu r e s  
due to  s i m i l a r  s e l e c t i v e  p r e s s u r e s ,  b u t  n o t  d ue t o  a s i n g l e  
e v o lu tio n a ry  a c q u is i t io n  in  a sh a red  a n c e s to r ;  (3) re d u c t io n  -  la c k  
o f a c h a ra c te r  due to  a doub le  apomorphy in d i s t in g u i s h a b le  from th e  
p le s io m o rp h ic  s t a t e .  The t h r e e  a r e  n o t d i s t i n g u i s h a b l e  by d i r e c t  
p h y lo g e n e tic  a n a ly s is .  The random ness r a t i o  i n d ic a t e s  th e  r e l a t i v e  
le v e ls  of a l l  th re e  in  any g iv en  d a ta  s e t .  Only by lo o k in g  a t  th e  
p a t t e r n s  o f i n c o m p a t i b i l i t y  b etw een  c h a r a c t e r s  can  th e  p ro b a b le  
n a tu re  of th e  homoplasy be a s c e r ta in e d .

P o la r i ty  d e te rm in a tio n  i s  as much as p o s s ib le  by o u tg rou p  com parison . 
The c r i t e r i a  o f in g ro u p  c o m p a riso n , m o rp h o lo g ic a l  s p e c i a l i s a t i o n ,  
e c o lo g ic a l  s p e c i a l i s a t i o n  and g e o g ra p h ic a l r e s t r i c t i o n  were n o t a llo w ed  
o r used , ex cep t in  some r e s t r i c t e d  c a se s  where th e  o u tg ro u p s have a 
co n fu sin g  d i s t r i b u t i o n  of c h a r a c te r  s t a t e s .  H ere, in g ro up  com parison 
was r e lu c t a n t l y  employed. P a r a p h y le t ic  g roups have been i d e n t i f i e d  
w henever p o s s ib l e  as  th e  o u tg ro u p s  f o r  th e  r e a s o n s  o u t l i n e d  by 
Underwood (1982); a s i s t e r - g r o u p  o u tg rou p  may show a d e r iv e d  s t a t e  of 
a presum ed p le s io m o rp h ic  c o n d i t io n  and th u s  p ro v e  c o n f u s in g .  The 
cho ice  of o u tg rou p s i s  d is c u sse d  fo r  each in d iv id u a l  a n a ly s i s .

The c h a ra c te r s  chosen w ere, by and l a r g e ,  th o se  of morphology o f 
a d u lt  and l a r v a l  specim ens. C h a ra c te rs  which p ro v id e  c i r c u m s ta n t ia l  
e v id e n c e  f o r  e v o l u t i o n a r y  p a t t e r n s  -  s u c h  a s  g e o g r a p h i c a l  
d i s t r i b u t i o n ,  eco log y , b io lo g y  and th e  f o s s i l  re c o rd  -  were n o t used  
in  th e  i n i t i a l  a n a ly s e s . Such d a ta  were a d m itted  a f t e r  th e  a n a ly s e s  
were c o m p le te d , how ever, when th e  i n t e n t i o n  was to  exam ine th e  
e v o lu t io n  o f c h a r a c t e r s  -  in  t h i s  c a s e  p re d o m in a n tly  b i o l o g i c a l  
c h a ra c te r s .
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There was no a p r i o r i  c h a ra c te r  w e ig h tin g . Hecht & Edwards (1977) 
s u g g e s t  a c h a r a c t e r  w e ig h t in g  schem e, t h i s  h a s  b een  m o d if ie d  by 
Underwood (1982) and has been r e f e r r e d  to  in  th e  t e x t  o c c a s io n a l ly .  
However, as s u g g e s te d  by G auld & Underwood (1 9 8 6 ) , i t  h a s  p ro v e d  
n e c e s s a ry  to  o c c a s i o n a l l y  d is c o u n t  th e  r e s u l t  o f an a n a l y s i s  f o r  
b io lo g ic a l ly  p la u s ib le  re a s o n s . For exam ple, i f  a g ro up in g  i s  su p p o rted  
by s e v e ra l  c h a ra c te r s  which seem b io lo g ic a l ly  to  be r a t h e r  u n l ik e ly  then  
an o th e r ’o u tv o te d ’ b u t b io lo g ic a l ly  more l i k e l y  c h a ra c te r  m ight be 
chosen . T h is i s ,  of c o u rse , a form of i n t u i t i v e  c h a r a c te r  w e ig h tin g , and 
in  some r e s p e c ts  can a ls o  be seen  as a compromise betw een c l a d i s t i c s  and 
e v o lu tio n a ry  taxonomy.

1.4. Techniques of compatibility analysis

The methods used  in  t h i s  t h e s i s  a re  based on th o se  o f Underwood (1982) 
and Gauld & Underwood (1985). In  a d d i t io n  s e v e r a l  new com puter program s 
were d esig n ed  by Underwood (p e rs  comm). The fo llo w in g  program s were 
used d u rin g  th e  th e s i s  -  LEQUA; LEQUB; LEQUC; PROB$; and O’NOMOD. A ll 
th e s e  p ro g ram s w ere ru n  on e i t h e r  an ACT A p r ic o t  o r  BBC M a ste r 
p e rso n a l com puter. Throughout t h i s  d is c u s s io n  th e  t a b le s  and f ig u r e s  
a re  fo r  an a r t i f i c i a l  d a ta  s e t  d ev ised  by Underwood (p e rs  comm).

1 .4 .1 .  IiEQU/PROB$ a n a ly se s

The LEQU program s a re  th o se  o u t l in e d  in  Gauld (1985) and Gauld & 
Underwood (19 86 ). The LEQUA program  sim ply  p r i n t s  o u t th e  raw d a ta  
in  an e a s i l y  d ig e s t ib l e  form (appendix  3 and 4 ) .

The LEQUB program  com putes th e  number o f p o l a r  and n o n - p o la r  
in c o m p a t ib i l i t i e s  fo r  each c h a ra c te r  a c ro s s  th e  ta x a .  The r a t i o  o f 
o b s e rv e d  i n c o m p a t i b i l i t y  f a i l u r e s  to  e x p e c te d  i n c o m p a t i b i l i t y  
f a i l u r e s  i s  th e n  c a l c u l a t e d  to  g iv e  t h e  r a n d o m n e s s  r a t i o .  I n  
a d d it io n  th e  random ness r a t i o  of th e  whole d a ta  s e t  i s  c a lc u la t e d .  
The PROB$ program  i s  a f a s t e r  ru n n in g  v e rs io n  o f LEQUB, which does 
n o t in d ic a te  th e  number of p o la r  i n c o m p a t i b i l i t i e s .
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Table 1.1. LEQUB single run analysis of artificial data set

Taxa analysed: 1 2 3 4 5 6 7 8 9 10 11 12
1. 1 2 4 6 7. 2 9 111. 2 3 5 7. 1 8 10

16 X
15 X
14 X X X - X -
13 - X X X - X - X X X X X X
12 - - X X - - - X X X X X X
11 X - X - : : X - X - X -
10 - - : X : : - - - - X
9 X X X X - X X X X X
8 X - X - • X - X
7.2 - X X X - X -
7.1 - - X X : I -
6 - - - X - -
5 - - - ; -
4 - - - •
3 X - X
2 - -
1.2

13 1512 14

L e Q u e s n e 's  c o e f f i c i e n t  o f  r a t i o  x 100%. Taxa a n a ly sed : 1 2 c h a r a c t e r  s t a t e  r a n d o m n e s s  3 4 5 6 7 8 9 10 11 12

TEST DATA 2 0 .5 .8 8
I n c o m p a t ib i l i t i e s :  observed  ex p ec ted  r a t i o  -  p o la r
1 . 1 4 11 0 .36 - 0 1 . 2 3 5.88 0 .51 -  1
2 8 9 .59 0.83 - 1 3 9 9.93 0 .91 -  24 0 - - 6 5 3 6.41 0 .47 -  5
6 4 11.53 0 .35 - 0 7 .1 6 8.94 0 .67 -  27 .2 11 1 1 . 1 0.99 - 0 8 8 11.84 0 . 6 8 -  29 14 12.62 1 . 1 1 - 0 10 5 6 .71 0 .74 -  3
11 7 10.97 0 .64 - 2 12 9 9 .59 0 .94 -  013 11 11.53 0 .95 - 0 14 4 8.65 0 .46 -  015 1 0 .5 4 1 . 8 6 0 16 1 6.71 0 .15 -  0

Grand t o t a l -  54 76.78 0 .7
Ranking r a t i o s4 16 6 1 . 1 14 5 1 . 2 11 7
10 2 3 12 13 -j to 9 15
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The p a t t e r n  o f in c o m p a t ib i l i t i e s  i s  p r in te d  o u t as shown in  ta b le
1 .1 , fo r  a d em o n stra tio n  s e t  of d a ta .  An 'X ' in d ic a t e s  a n o n -p o la r  
i n c o m p a t i b i l i t y ;  a a p o l a r  i n c o m p a t i b i l i t y ;  and  a no
i n c o m p a t i b i l i t y .  F o r e x a m p le , c h a r a c t e r  16 h a s  a n o n - p o l a r  
in c o m p a t ib i l i ty  w ith  re s p e c t  to  c h a r a c te r  7 .2 , w h ile  10 and 2 sh a re  
a p o la r  in c o m p a t ib i l i ty .  The o v e r a l l  s c o re s  fo r  th e  c h a r a c te r s  a re  
a ls o  p re s e n te d .  Each c h a ra c te r  i s  shown w ith  i t s  o b se rv ed  number of 
n o n -p o la r f a i l u r e s ;  ex p ec ted  number of n o n -p o la r  f a i l u r e s ;  r a t i o  of 
th e  tw o ; and  f i n a l l y  num ber o f p o l a r  f a i l u r e s .  F o r i n s t a n c e  
c h a ra c te r  1 .1  re a d s  1 .1 :  4 11 0 .3 6  -  0 , in d ic a t in g  t h a t  th e r e  a re
4 n o n -p o la r f a i l u r e s  a g a in s t  an ex p ec ted  number o f 11, which g iv e s  a 
randomness r a t i o  o f 0 .3 6 ; a ls o  th e re  a re  0 p o la r  i n c o m p a t i b i l i t i e s .  
The 'g ra n d  t o t a l '  f ig u r e s  in d ic a te s  th e  o v e r a l l  o b se rv ed  n o n -p o la r  
f a i lu r e s  (5 4 ); th e  ex p ec ted  (76.78) and th e  random ness r a t i o  f o r  th e  
whole s e t  (0 .7 , which i s  f a i r l y  h ig h ) .  F in a l ly  th e  c h a r a c te r s  a re  
g iven  in  o rd e r  of t h e i r  random ness r a t i o s  c h a ra c te r  4 b e in g  th e  b e s t  
and c h a ra c te r  15 th e  w o rs t.

The LEQUB program  can  th e n  be u sed  to  b o i l  down th e  d a t a .  The 
c h a ra c te r  w ith  th e  w o rs t random ness r a t i o  i s  removed and th e  d a ta  a re  
r e a n a ly s e d .  A f te r  t h i s  r e a n a l y s i s  th e  n e x t  w orse  c h a r a c t e r  i s  
removed, and t h i s  p ro c e ss  c o n tin u e s  u n t i l  th e re  a re  no n o n -p o la r

i n c o m p a t i b i l i t i e s  r e m a i n i n g .  (N o te :  t h e r e  may s t i l l  be p o l a r  
in c o m p a t ib i l i t i e s  in  th e  d a ta  s e t ) . The c h a r a c te r s  which th en  rem ain 
form th e  co m p a tib le  c l iq u e .  T his p ro c e ss  i s  shown in  t a b le  1 .2 .

The f i r s t  c h a ra c te r  removed i s  15 which red u ces  th e  number o f n o n -p o la r  
in c o m p a t ib i l i t i e s  from 54 to  53, th e  n ex t i s  c h a ra c te r  9 which red u ces  
th e  number from 53 to  40, and so on. The f i n a l  c l iq u e  was o b ta in e d  by 
re m o v in g  c h a r a c t e r  6 w h ic h  r e d u c e d  t h e —n u m b e r o f  n o n - p o l a r  
in c o m p a t ib i l i t i e s  from 2 to  0 .
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Table 1.2. LEQUB boil down analysis of an artificial data set

t o t a l exp ec ted r a t i o
c h a ra c te r
removed

54 76.78 0 .7 15
53 76.24 0 .7 9
40 64.15 0 .62 7 .2
30 54.04 0 .56 13
21 44.33 0 .47 12
15 37.17 0 .4 3
10 30.25 0.33 14
7 25.38 0 .28 2
4 20.02 0.2 1.1
2 14.77 0 .14 6
0 9.96 0

Once th e  co m p a tib le  c l iq u e  i s  o b ta in e d  a cladogram  can be drawn from 
i t .  I f  th e re  a re  any p o la r  i n c o m p a t i b i l i t i e s ,  c h a r a c te r  p o l a r i t i e s  can 
be re v e rse d  e a s i l y  u s in g  th e  LEQUB program . The LEQUC program  la b e ls  
t a x a  i n s t e a d  o f  c h a r a c t e r s .  I n  t h i s  way OTUs w h ic h  h a v e  a 
d is p ro p o r t io n a te  c o n t r ib u t io n  to  th e  o v e r a l l  random ness r a t i o  can be 
i d e n t i f i e d .  T h is  can  o f t e n  be u s e f u l  a s  th e  o f f e n d in g  OTU can be 
removed, and p la u s ib le  re a so n s  can be d ev ised  as to  why i t  sh o u ld  be 
so f r e q u e n t ly  l a b e l l e d .  In  f a c t ,  t h i s  program v e ry  r a r e l y  gave any 
i n t e r e s t i n g  r e s u l t s  f o r  th e  d a ta  s e t s  p re s e n te d  h e r e .  In  a d d i t io n ,  
th e  rem oval o f h ig h ly  marked ta x a  must be co n s id e red  m e th o d o lo g ic a lly  
r a th e r  d i f f i c u l t  to  j u s t i f y .

1 .4 .2 .  The O'NOMOD a n a ly s e s

The O'NOLAN p rogram  g iv e s  a p r o b a b i l i t y  w e ig h te d  a n a l y s i s .  The 
a lg o r i th m  f o r  t h i s  m ethod was d e v e lo p e d  by O 'N o lan  (u n p u b lis h e d  
m a n u s c r ip t ;  Moody & O 'N o la n ,  1 9 8 7 ) .  T h is  m etho d  r e l i e s  on t h e

36



£

w e ig h tin g  o f c h a r a c t e r s  a c c o rd in g  to  how c o m p a tib le  th e y  a re  w ith  
o th e r  c h a r a c te r s .  The a lg o r i th m  i s  g iven  below:

(a) A ll c h a ra c te r s  a re  a s s ig n e d  a w eight of one.

(b) A c h a ra c te r  c o m p a t ib i l i ty  m a tr ix  i s  c o n s tru c te d .

(c) The number of c o m p a t ib i l i t i e s  a re  coun ted  f o r  each c h a r a c te r .

(d) A new m a tr ix  i s  c o n s t ru c te d ,  new p a irw ise  c o m p a t ib i l i ty  t e s t s  a re  
made:

( i )  i f  c h a r a c t e r  A i s  c o m p a t ib le  w ith  c h a r a c t e r  B, th e n  t h e i r  
c o m p a t ib i l i ty  sc o re s  a re  added to g e th e r .

( i i )  i f  c h a r a c t e r  A i s  in c o m p a t ib le  w ith  c h a r a c t e r  B, th e n  (B 's  
c o m p a t ib i l i ty  t o t a l  X th e  w eigh t o f B ). a re  s u b t r a c te d  from A. (T his i s  
done to  red uce  somewhat th e  p e n a l ty  fo r  in c o m p a t ib i l i ty ,  and to  m in im ise 
th e  number o f c h a r a c te r s  w ith  n e g a tiv e  w eig h ts

(e) each row i s  d iv id e d  by ( n - l ) 2 ;  t h i s  s c a le s  th e  d a ta  from -1  to  
+1. F or e a c h  row t h i s  v a lu e  i s  a s s i g n e d  a s  t h e  w e ig h t  o f  th e  
co rre sp o n d in g  c h a r a c te r .  I f  no i t e r a t i o n s  have y e t  o c c u rre d , th en  (a) 
i s  e x e c u te d  a g a in  ( t h i s  i s  to  e n s u re  t h a t  th e  i n f lu e n c e  o f p oo r 
c h a ra c te r s  i s  m inim ised)

(f) th e  c h a ra c te r  w ith  th e  lo w est (o r c h a ra c te r s  w ith  eq u a l lo w est) 
w eight i s  removed. C h a ra c te rs  a re  a s s ig n e d  th e  w e ig h ts  th ey  had when 
th ey  were e l im in a te d .  The c h a r a c te r s  e lim in a te d  l a s t  have th e  h ig h e s t  
w e ig h ts .

(g) th e  p r o c e s s  i s  r e i t e r a t e d  u n t i l  no i n c o m p a t i b i l i t i e s  rem a in  
( a l l  c h a ra c te r s  have a w eigh t o f 1 ) .

This a n a ly t i c a l  method a tte m p ts  to  overcome one o f th e  problem s of 
u n w e ig h te d  c o m p a t i b i l i t y  -  t h a t  b ad  c h a r a c t e r s  may p u l l  good  
c h a ra c te r s  o u t of a c l iq u e .  In  f a c t  th e  r e s u l t s  o f th e  two ty p e s  o f
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Taxa an a ly sed
1 2 3 4 5 6 7 8 9  10 11 12

Table 1.3. O'NOMOD first and final iterations on an artifical
data set.

C h.no s. W eights C h.nos. W eights
1.1 : 0 .3 1.2 : 0 .44
2 : 0 .16 3 : IE -2
4 : - 5 : 0 .45
6 : 0 .33 7 .1 : 0 .23
7 .2 : -0 .2 7 8 : 7E-2
9 : -0 .3 5 10 : 0 .28
11 : 0 .16 12 : 6E-2
13 : -0 .1 5 14 : 0 .29
15 : - 16 : 0 .5

Ranking w eig h ts  2 5 6 16 1.1 1.2 10 14
7 .1  12 11 8 3 13 7 .2 9

1.1 : 1 1.2 : 1
2 : 1 3 : 0 .27
4 : - 5 : 1
6 : 1 7 .1 : 0 .59
7 .2 : 4E-2 8 : 0 .32
9 : -0 .3 5 10 : 1
11 : 0 .37 12 : 0 .49
13 : 7E-2 14 : 0 .75
15 ; - 16 : 1

Ranking w eigh ts 
1.1 1 .2  2 5 6 10 16 -14 -7 .1 -12
-11  -8  -3 -13 -7 .2 -9



a n a ly se s  o f te n  d i f f e r  o n ly  in  th e  l a s t  c h a r a c te r  t h a t  i s  thrown o u t 
of a d a ta  s e t  (F erg usson , p e rs  comm; t h i s  volume, c h a p te rs  2, 3 and 
6) .  I t  i s  o n ly  in  th e  f i n a l  rh y s s in e  a n a ly s is  t h a t  a r e a l  d i f f e r e n c e  
appears betw een th e  two a n a ly s e s , and t h i s  i s  u n d o ub ted ly  due to  th e  
h ig h  le v e l  o f hom oplasy in  c e r t a i n  p a r ts  of t h a t  d a ta  s e t  (c h a p te r  
6) .

The on ly  a l t e r a t i o n  to  t h i s  made by Underwood (p e rs  comm) in  th e  
O'NOMOD program  i s  th a t  b in a ry  s t a t e  c h a r a c te r s  a re  n o t compared w ith  
each o th e r ,  in  o rd e r  to  make th e  program  f i t  w ith  th e  LEQU program s.

The f i r s t  and f i n a l  p r in to u t s  a re  shown in  t a b le  1 .3 .  The O'NOMOD 
program can o f te n  g iv e  a d i f f e r e n t  r e s u l t  from th e  o th e r  program s. 
T here i s  a g a in  a c l i q u e  o f 7 c h a r a c t e r s  b u t  i n s t e a d  o f th e  c l i q u e  
c o n s is t in g  of c h a ra c te r s  [1 .2 , 5, 7 .1 ,  8, 10, 11, 16] i t  c o n s i s t s  of 
c h a ra c te r s  [1 .1 , 1 .2 ,  2 , 5 , 6, 10, 1 6 ] . These s o r t s  of d i f f e r e n c e s  
a re  d isc u sse d  l a t e r  in  th e  c o n te x t  of p a r t i c u l a r  a n a ly s e s .

1 .4 .3 .  R e in tro d u c in g  in c o m p a tib le  c h a r a c te r s

Once a cladogram  has been p ro duced , th e  l a s t  few c h a r a c te r s  r e j e c t e d  
can be examined to  see  how th e y  can be f i t t e d  in to  th e  c l iq u e .  T his 
means p o s tu la t in g  p a r a l le l i s m s  o r r e v e r s a l s  which would e x p la in  th e  
in c o m p a t ib i l i t i e s  o b se rv ed . T h is i s  b e s t  i l l u s t r a t e d  by th e  a c tu a l  
examples where t h i s  p ro ce ss  has been u n d e rta k e n , in  c h a p te rs  2, 3 and 
6 of t h i s  t h e s i s  (c f Gauld & Underwood, 1 98 6 ).

Another way of e x p la in in g  hom oplasy i s  by exam ining s u b s e ts ,  t h a t  
i s  r e a n a ly s in g  g ro u p s  w hich  th e  i n i t i a l  a n a l y s i s  showed as  b e in g  
h o l o p h y l e t i c , th u s  rem oving  th e  i n c o m p a t i b i l i t i e s  a s s o c i a t e d  w ith  
p a r a l le l i s m s  in  o th e r  l i n e s .  T h is approach  tu rn e d  ou t to  be r a t h e r  
i n e f f e c t iv e  in  t h i s  work, u s u a l ly  becau se  th e  p a r a l l e l i s m s  re v e a le d  
by su b se t a n a ly s e s  were a s s o c ia te d  w ith  c h a r a c te r s  throw n o u t o f th e  
c l iq u e  l a t e  on, in  any c a s e . S ubset a n a ly s e s  a re  d is c u s s e d  under each 
in d iv id u a l  a n a ly s i s .

39



£

In  th e  main body of th e  t e x t  th e  co m patib le  c l iq u e s  a re  p re se n te d  
as cladogram s ( th e  c h a r a c te r s  in  th e  c l iq u e  can e a s i l y  be read  o f f  
each b ra n c h ) . Each a n a ly s is  (see  above) throw s o u t c e r t a i n  c h a ra c te r s  
l a t e  on, and th e se  a re  d is c u s s e d  d u rin g  th e  p ro ce ss  of r e in t r o d u c t io n  
in  o rd e r  to  e x p la in  t h e i r  h o m o p lasy . The i n i t i a l  LEQUB random ness 
r a t i o s  and numbers of p o la r  i n c o m p a t ib i l i t i e s  a re  r e f e r r e d  to  in  th e  
t e x t  and th e  t a b l e s  a re  p re s e n te d  as p a r t  of th e  a p p e n d ice s .

1.5. Sources of homoplasy

Many of th e  c h a ra c te r s  which show th e  g r e a te s t  hom oplasy p ro b ab ly  do 
so due to  th e  e f f e c t  of o n /o f f  to g g lin g  of r e g u la to ry  genes d u rin g  
e v o lu t io n a r y  h i s t o r y .  S t r u c t u r a l  g en es  may be p r e s e n t  w i th in  th e  
genome y e t  n o t  e x p r e s s e d  d u e  to  th e  s u p p r e s s i o n  o f  g e n e s  t h a t  
r e g u l a t e  t h e i r  d e v e lo p m e n t. Under renew ed  s e l e c t i v e  p r e s s u r e s  o f 
c e r ta in  k in d s , m u ta tio n s  in  th e s e  re g u la to ry  genes may le a d  to  th e  
re -e x p re s s io n  of th e  o r i g i n a l  s t r u c t u r a l  g en es. T his w i l l  g iv e  th e  
im p re s s io n  o f p a r a l l e l i s m  when, in  f a c t ,  t h e r e  h as  a lw ay s been  
homology a t  th e  genome l e v e l  These k in d s o f h idden  synapom orphies a re  
a m o n g s t t h e  w o r s t  p r o b le m s  f a c i n g  t h o s e  who a r e  a t t e m p t i n g  
p h y lo g e n e t ic  r e c o n s t r u c t i o n s .  At t im e s  t h i s  may mean t h a t  th e  
in v e s t ig a t io n  of a p a r t i c u l a r  c h a ra c te r  b o i l s  down to  a se a rc h  fo r  
th e  s u p p re s s io n  and r e - e x p r e s s io n  o f r e g u l a to r y  g e n e s , w hich  i s  
c l e a r l y  o f no p h y lo g e n e t ic  s i g n i f i c a n c e  in  i t s e l f .  C o m p a t ib i l i ty  
a n a ly se s  have a t  l e a s t  th e  adv an tage  o f re c o g n is in g  th e  h ig h  n o ise  in  
th e se  c h a r a c te r s .

In  o p p o s it io n  to  t h i s  however a case  can be made fo r  c e r ta i n  h ig h ly  
hom op lastic  c h a ra c te r s  som etim es p o ss e s s in g  p h y lo g e n e t ic a l ly  u s e fu l  
in fo rm a tio n  beyond t h e i r  a p p a re n t hom oplasy. -T his i s  e s p e c i a l ly  t r u e  
of th e  s o r t s  o f c h a r a c t e r s  t h a t  I  have d e s c r ib e d  a s  b a s a l  g ro u p  
c h a ra c te r s  -  t h a t  i s  c h a r a c t e r - s t a t e s  t h a t  have emerged a t  th e  b ase  
of g ro u p s  and d e f in e  th o s e  g ro u p s .  T h ese , a l th o u g h  o f t e n  h ig h ly  
h o m o p la s t ic ,  h av e  been  u sed  in  c e r t a i n  p la c e s  i n  t h i s  w ork . The 
r e a s o n in g  b e h in d  t h i s  i s  t h a t  a u ta p o m o r p h ie s  o f  an y  l a r g e  and  
b i o l o g i c a l l y  d iv e r s e  g ro u p  w i l l  be c h a r a c t e r i s t i c  o f th e  l e a s t
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b io lo g ic a l ly  s p e c ia l i s e d  ta x a .  T h e re fo re , th e  most s p e c ia l i s e d  and 
b i o l o g i c a l l y  m ost d i v e r g e n t  t a x a  a r e  e x t r e m e ly  l i k e l y  t o  show 
re d u c tio n  hom oplasy. However, t h i s  r u le  of thumb has been used  w ith  
c a u tio n  a s ,  tak en  to  i t s  l o g i c a l  ex trem e, i t  would mean th a t  a l l  th eapparently
m o st/u n d e riv ed  groups in  a p h y lo g e n e tic  a n a ly s is  would be assumed to  
h av e  no a u t a p o m o r p h ie s , and  t h i s  w o u ld  am ount to  an a p r i o r i  
assum ption  th a t  th ey  a re  p a r a p h y le t i c .  I t  may be j u s t  t h i s  k ind  of 
re a so n in g  th a t  le a d s  to  presum ed a n c e s t r a l  ta x a  so o f te n  h av ing  no 
d e f in in g  c h a r a c te r s .

1.6. Cladocrrams, trees and scenarios

As m entioned above, th e  most b a s ic  in fo rm a tio n  th a t  i s  o b ta in e d  from 
a c l a d i s t i c  a n a l y s i s  i s  t h a t  o f th e  p a t t e r n  o f h o m o lo g ie s  be tw een  
t a x a .  T h is  i s  c a l l e d ,  s t r i c t l y  s p e a k i n g ,  a c l a d o g r a m .  In  a 
c o m p a t ib i l i t y  a n a l y s i s  a c la d o g ra m  i s  any c o m p a tib le  c l i q u e  o f 
c h a r a c t e r s  o b t a in e d  from  a d a t a  s e t  w i t h o u t  c o n s i d e r a t i o n  o f 
c h a r a c t e r s  w hich w ould be c o m p a t ib le  i f  r e v e r s a l s  o r  p a r a l l e l i s m s  
were p o s tu la te d .  T his means, in  p r a c t i c e ,  th e  p rim ary  r e s u l t s  o f a 
LEQUB, PROB$ o r O'NOMOD c o m p u ta tio n . T h is r e s u l t  a c tu a l ly  im p lie s  
s o m e th in g  a b o u t  p a t t e r n s  i n  n a t u r e ,  i t  show s a n e s t e d  s e t  o f 
s y n a p o m o r p h i e s . H o w e v e r , i t  h a s  no  e s s e n t i a l  e v o l u t i o n a r y  
s ig n i f i c a n c e .  In  f a c t ,  no a ssu m p tio ns abou t e v o lu t io n  a re  n e c e ssa ry  
a t  a l l  -  and th e r e  i s  no n eed  to  i n t e r p r e t  th e  p a t t e r n ;  i t  s im p ly  
e x i s t s  as an o r d e r in g  o f s e n s e  d a t a .  I t  c a n n o t be r e f u t e d  e x c e p t 
where m is tak es  have been made i n  th e  c o n s tru c t io n  o f th e  d a ta  m a tr ix .

The c o n s tru c tio n  of a t r e e  im p lie s  t h a t  a h y p o th e s is  i s  b e in g  made 
about th e  t r u e  e v o lu t io n a ry  r e l a t i o n s h i p s  w ith in  a g ro u p . T his i s  
n o t im p lied  in  a cladogram . At th e  p o in t  in  a c o m p a t ib i l i ty  a n a ly s is  
when r e j e c t e d  c h a r a c t e r s  a r e  p l a c e d  b a c k  i n t o  t h e  c l i q u e  and  
c o n s id e ra t io n s  made about p a r a l l e l i s m s  and r e v e r s a l s ,  assu m p tio ns a re  
made about how e v o lu t io n  i s  o c c u r r in g ,  and th e  r e s u l t i n g  d iagram  must 
be c o n s i d e r e d  a h y p o t h e t i c a l  d ia g ra m  r e p r e s e n t i n g  a t r e e .  I f  
e v o lu tio n  i s  r e a l l y  o c c u r r in g ,  how ever, in  th e  s o r t s  o f ways i t  i s  
b e lie v e d  to  b e , th en  th e s e  d e c is io n s  must be made. To be s a t i s f i e d



w ith  c o n s id e ra t io n s  of how c h a r a c te r s  a re  o rg an ise d  in  sp a c e , as i f  
th ey  were t im e le s s  e n t i t i e s ,  seems t h e o r e t i c a l l y  sound b u t e n t i r e l y  
u n s a t i s f a c to r y  in  p r a c t i c e .  In  t h i s  work cladogram s a re  p re se n te d  
s e p a r a te ly ,  and th e  em phasis i s  on how th ey  can be used to  c o n s tru c t  
t r e e s .

From th e  c o n s t r u c t i o n  o f  a t r e e  com es c o n s i d e r a t i o n  o f  th e  
b io lo g ic a l ,  e c o lo g ic a l  and b io g e o g ra p h ic a l  e v o lu t io n  of a g ro u p . Any 
hyp o th eses based on th e  com bin ation  of t r e e s  and o th e r  in fo rm a tio n  of 
th e  above k in d  i s  a s c e n a r i o  (a lth o u g h  t h i s  i s  a clumsy word i t  i s  
used h e re  fo r  th e  sake o f c o n fo rm ity  w ith  o th e r  w orkers ( T a t t e r s a l l  & 
E ld red g e , 1978, fo r  exam ple). In  t h i s  work s e v e r a l  s c e n a r io s  w i l l  
be d i s c u s s e d ,  p r e s e n te d  a s  b i o l o g i c a l  pathw ays d e r iv e d  from  th e  
o r ig in a l  c ladogram s.

Cladograms a re  r e f l e c t i o n s  o f r e a l  p a t t e r n s  in  n a tu re ,  and as th ey  
do n o t p resupp ose  th a t  e v o lu t io n  has o cc u rre d  (as long  as th e  concep t 
o f hom ology  i s  u s e d  in  i t s  n o n - p h y l o g e n e t i c  s e n s e )  t h e y  a r e  
i r r e f u t a b l e .  T re e s ,  h o w ev er, im p ly  e v o lu t io n a r y  p r o c e s s e s  a r e  
o c c u r r in g  w hich may o r  may n o t t r u e .  As so  l i t t l e  i s  known ab o u t 
e v o lu t io n a ry  p ro c e sse s  t h i s  im p lie s  t h a t  a l l  t r e e s  a re  s u b je c t iv e  -  
th e y  im p ly  im p o s s ib le  know ledge o f c la d o g e n e t ic  and a n a g e n e t ic  
e v e n ts .  T h is  i s  why, q u i t e  r e a s o n a b ly ,  p a t t e r n  c l a d i s t s  do n o t 
a ccep t them. However, w ith o u t t r e e s  and w ith o u t th e  assum ption  of 
th e  e x is te n c e  of c e r ta in  e v o lu t io n a ry  p ro c e sse s  no h y p o th eses  about 
e v o lu tio n a ry  p a t t e r n s  can be made.

Beyond t h i s ,  s c e n a r io s  a re  even more s u b je c t iv e .  A c o n s id e r a t io n  
o f how th e  p a r a s i t o i d  l i f e w a y  m ig h t h ave  e v o lv e d  from  p r i m i t i v e  
s a w f l ie s ,  fo r  exam ple, r e q u i r e s  assu m p tio ns about th e  e v o lu t io n a ry  
r e l a t i o n s h i p s  w ith in  th e  H ym enoptera  and how f o o d - p r e f e r e n c e s  may 
have changed  w hich a re  im p o s s ib le  to  p ro v e  and can  be c o n s id e r e d  
e s s e n t i a l l y  a s  i m a g i n a t i v e  f i c t i o n .  H o p e f u l l y ,  t h e  s c e n a r i o s  
c o n s tru c te d  h e re  r e p re s e n t  a compromise between j u s t - s o  s t o r i e s  and 
th e  a r id  p r e s e n ta t io n  o f p a t t e r n s  o f apom orphies.

The a n a ly s is  of d a ta  w i l l  be p re s e n te d  in  th e  th r e e  form s d is c u s s e d
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above. Cladogram s based on c l iq u e s  w i l l  be d isc u s se d  f i r s t  and then  
t r e e s  c o n s t r u c t e d  from  th e m . The s c e n a r i o s  t h a t  w i l l  th e n  be 
p o s tu la te d  w i l l  have a tw o -fo ld  v a lu e . F i r s t ,  th e  t r e e s  w i l l  en ab le  
hyp o th eses abou t how e c o lo g ic a l  and b io lo g ic a l  c h a ra c te r s  may have 
e v o lv e d .  S e c o n d , b i o l o g i c a l  p a t t e r n s  w i l l  be c o m p a t ib l e  o r  
i n c o m p a t i b l e  w i th  th e  t r e e s ,  and  e n a b le  m ore c o m p le x , i f  l e s s  
r ig o ro u s  and o b je c t iv e ,  p a t t e r n s  of r e l a t io n s h ip s  to  be a s c e r ta in e d .
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CHAPTER 2. THE PIMPLINAE: THE PRESENT CLASSIFICATION.

2.1. Introduction

In t h i s  c h a p te r  th e  s t a tu s  and i n t e r r e l a t i o n s h i p s  of th e  P im p lin ae  
w i l l  be d i s c u s s e d  in  h i s t o r i c a l  and p h y l o g e n e t i c  t e r m s .  The 
c h a ra c te r s  used to  d e f in e  g roups in  th e  p re se n t c l a s s i f i c a t i o n  w i l l  
be exam ined, to  see i f ,  as p h y lo g e n e tic  m ark ers, th e y  su p p o rt th a t  
c l a s s i f i c a t i o n .

2.2. Historical Review

The f i r s t  w orker, a f t e r  L in n aeu s , to  a ttem p t a c l a s s i f i c a t i o n  of th e  
ich n eu m o n id s was G ra v e n h o rs t  (1829) . He p la c e d  th e  l a r g e  gen us 
P im p la  amongst th o se  g enera  w ith  ’d ep ressed  and s e s s i l e ’ abdomens. 
L a te r ,  Wesmael (1844) s p l i t  th e  ichneum onids up in to  6 g roups -  th e  
Ichneum o nes, C r y p t i ,  P im p la e , B anch i and O p h io n es . Then H olm gren 
(1857) e r e c t e d  f i v e  s u b f a m i l i e s ;  c a l l i n g  them th e  Ic h n e u m o n id e s , 
C ry p ti ,  O ph io n id es, T ryphonides and P im p la r ia e . T h is c l a s s i f i c a t i o n  
formed th e  b a s is  fo r  th e  work of Thomson and S chm iedeknecht.

Modern c l a s s i f i c a t i o n s  began  w ith  P e rk in s  ( in  B e ir n e ,  1941) and 
Townes (19 44 ). I t  i s  Townes work th a t  i s  th e  most im p o rta n t in  t h i s  
c o n te x t .  He d iv id e d  th e  ichneum onids up in to  a much l a r g e r  number of 
s u b f a m i l i e s  and p u t th e  g e n e ra  d is c u s s e d  in  t h i s  s tu d y  i n t o  th e  
su b fam ily , c a l le d  a t  th a t  tim e th e  Ichneum oninae (= P im p lin ae , and 
not to  be confused  w ith  th e  p re s e n t  Ich neu m o ninae). S u b seq u en tly , 
Townes and h is  fe llo w  w orkers (1960-1969) r e v is e d  th e  c l a s s i f i c a t i o n  
of th e  P im p lin a e  and rem oved th e  L y c o r in i ,  E u g a l t i n i ,  L a b e n in i ,  
X o r id in i  and A c a e n i t in i  from  i t .  He e r e c te d  f i v e  t r i b e s  -  th e  
E p h i a l t i n i ,  P i m p l i n i ,  P o l y s p h i n c t i n i , P o e m e n i in i ,  T h e r o n i i n i ,  
R hy ssin i and D i a c r i t i n i .  E s s e n t i a l ly  th e se  a re  th e  g ro u p in g s t h a t  
w i l l  be d is c u s s e d  in  t h i s  work.



Townes h a s  n o t fo llo w e d  th e  I n t e r n a t i o n a l  C ode o f  Z o o l o g i c a l  
N o m e n c la tu re  and has n o t a c ce p te d  s e v e r a l  o p in io n s  of th e  Commission 
which r e l a t e  to  group names in  th e  P im plinae  (see  Townes 1969? F i t to n  
& G a u ld , 1 9 7 6 ) .  T h is  m eans t h a t  t h e r e  a r e  s e v e r a l  ta x o n o m ic  
g ro u p in g s  w hich  a re  r e f e r r e d  to  by d i f f e r e n t  names by d i f f e r e n t
a u th o rs .  F i t t o n  & G au ld 's  (1976) nom encla tu re  has been ado p ted  h e re .
The t a b l e  below  shows how t h i s d i f f e r s  from  Townes (1969) and i s
rep roduced  from Gauld (1 9 8 4 a). In  a d d i t io n  to  th e s e  p ro b lem s, one
t r i b e ,  th e  T h e r o n i in i ,  sh o u ld  c o r r e c t ly  be c a l le d  th e  D e lo m e r is tin i  
and i s  r e f e r r e d  to  as such h e re .

Table 2 .1 .  N om encla tu ra l problem s in  th e  P im p lin ae .

Townes, 1969 F i t to n  &. G auld, 1976

Subfam ily EPHIALTINAE S ubfam ily  PIMPLINAE

T rib e  PIMPLINI (Type-genus T rib e  EPHIALTINI (Type-genus
P im p la  F. s e n s u E p h i a l t e s  Schrank s e n s u
C u r t is ,  1828) G rav en h o rs t, 1829)
[This became a [This became a c o r r e c t
m is id e n t i f i c a t io n  on 
p u b l ic a t io n  o f O pinion 159 .]

i d e n t i f i c a t i o n  on p u b l ic a t io n  
o f O pinion 159 .]

Genus P im p la  F. Genus E p h i a l t e s  Schrank

T rib e  EPHIALTINI (Type-genus T rib e  PIMPLINI (Type-genus
E p h i a l t e s  Schrank) P im p la  F . s e n s u  G rav en h o rs t, 1829
[This became a [T his became a c o r r e c t

m is id e n t i f i c a t io n  on i d e n t i f i c a t i o n  on p u b l ic a t io n
p u b l ic a t io n  o f O pinion 159 .] of O pinion 159 .]

Genus E p h i a l t e s  Schrank Genus A p e c h th i s  F o e rs te r

Genus C occygom im u s  S aussu re Genus P im p la  F .



R ecen tly  some w orkers (C arlson  1979, Gupta 1987) have r a i s e d  th e  
su b -g en e ra  o f T h e ro n ia  to  g e n e r ic  ran k , and th e s e  g enera  have been 
p laced  in  a s e p a r a te  t r i b e  th e  T h e r o n i in i .  These changes in  g e n e r ic  
l i m i t s  a re  a c c e p te d  in  t h i s  work a l th o u g h  t h e i r  a c tu a l  tax o n o m ic  
v a l i d i t y  i s  somewhat in  doubt (see  c h a p te r  3 ) .

O ther changes have been su g g e s te d . K azm ierczak- (1979, 1980, 1981) 
has r e c l a s s i f i e d  P s e u d o r h y s s a  w ith in  th e  R h y ss in i. C o n s ta n tin e a u  & 
P is ic a  (1977) a ls o  p la c e  P s e u d o r h y s s a  in  th e  R h y ss in i, and re c o g n is e  
two o th e r  t r i b e s ,  th e  Scam bini and S ch izo p y g in i.

2.3. The Townes Classification.

Townes re v is e d  th e  p im p lin es  as p a r t  of a com prehensive tre a tm e n t  o f 
th e  g en era  o f ichneum onids (Townes, 1969); h is  p ro ced u res  b e in g  th o se  
of a t r a d i t i o n a l  tax o n o m is t. In  th e  1969 r e v is io n  th e re  a re  d ia g n o se s  
both  a t  g e n e r ic  and t r i b a l  l e v e l  (as w e ll as an o v e r a l l  d ia g n o s is  fo r  
th e  su b fam ily  which i s  d isc u sse d  b e lo w ). These d iag n o ses  g iv e  th e  
raw m a te r ia l  fo r  c o n s id e ra t io n s  of what th e  p re s e n t  c l a s s i f i c a t i o n  
means in  an e v o lu t io n a ry  c o n te x t .  A lthough Townes i s  p re s e n t in g  an 
i n t u i t i v e  i n t e r p r e t a t i o n  o f r e l a t i o n s h i p s ,  h i s  c h a r a c t e r s  can  be 
ana ly sed  u s in g  c l a d i s t i c  te c h n iq u e s . The c h a ra c te r s  th a t  he u ses  a t  
s u b f a m ily  l e v e l ,  and  b e lo w , h av e  b e e n  u s e d  a s  a b a s i s  f o r  a 
c o m p a t ib i l i ty  a n a ly s is .

The p r e s e n t  c l a s s i f i c a t i o n  (Townes, 1969; G au ld , 1984b; F i t t o n ,  
Shaw & G au ld , 1988) h as 7 t r i b e s :  th e  E p h i a l t i n i  (P im p lin a e  s e n s u  
Townes, se e  a b o v e ) ;  th e  P o l y s p h i n c t i n i ; th e  P im p l in i  ( E p h i a l t i n i  
sen su  Tow nes, s e e  a b o v e ) ;  th e  D e l o m e r i s t i n i ;  th e  P o e m e n iin i;  th e  
D i a c r i t i n i ;  an d , th e  R h y s s in i .  I t  i s  t h i s  a rra n g e m e n t o f t r i b e s  
tow ard which t h i s  work i s  e s p e c ia l ly  a d d re ss in g  i t s e l f  ( ta b le  2 . 2 ) .

The ch o ice  o f g en era  fo r  t h i s  s tu d y  has been r a th e r  a r b i t r a r y  and 
n e c e s s a r i ly  c o n s tra in e d  by sh o r ta g e  o f m a te r ia l  o f some g ro u p s . In  
a d d i t io n  ta x a  have been  g e n e r a l l y  ch o sen  w here so m e th in g  i s  known 
abo u t t h e i r  b io lo g y .  An u n f o r tu n a te  s i d e - e f f e c t  o f t h i s  i s  t h a t
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H o la rc tic  g roups ten d  to  p red o m in a te , and some t r o p i c a l  g roups a re  
p o o r ly  r e p r e s e n t e d .  The s p e c i e s  c h o s e n  i n  e a c h  g e n u s  a s  th e  
O p e ra t io n a l  Taxonom ic U n it (OTUs) h as  a l s o  b een  f a i r l y  a r b i t r a r y ,  
a lth o u g h  a s  many o th e r  s p e c i e s  have been  exam ined  a s  p o s s i b l e .  
O cc a s io n a lly  a c h a r a c te r  has been in  i t s  p le s io m o rp h ic  s t a t e  in  th e  
OTU y e t in  i t s  apom orphic s t a t e  in  o th e r  co n g en e ric  s p e c ie s .  T h is 
has le d  to  th e  d i f f i c u l t  problem  of knowing when a r e a l  apomorphy i s  
b e in g  o b s c u r e d .  As a g e n e r a l  r u l e ,  i f  a c h a r a c t e r  i s  i n  th e  
p le s io m o rp h ic  s t a t e  in  o n ly  a few s p e c ie s  w ith in  a genus and in  i t s  
apomorphic s t a t e  in  th e  m a jo r i ty  I  have assumed th a t  th e  apom orphic 
s t a t e  has been l o s t  in  th e  m in o r ity  of c a s e s . T his has th e  e f f e c t  
th a t  some s c o re s  fo r  OTUs a re  com posite  and in d ic a t iv e  of th e  genus 
as a whole r a t h e r  th an  a p a r t i c u l a r  s p e c ie s .  T able  2 .2  shows which 
of th e  s tu d y  g en era  a re  in  which t r i b e s .  The numbers r e f e r  to  OTUs, 
which a re  l i s t e d  in  append ix  1 .

Table 2 .2 .  P re s e n t t r i b a l  s t a t u s  of OTU's used in  th e  a n a ly s e s .

T ribe Study group members

E p h ia l t in i 1-15

P o ly s p h in c t in i 16-24

P im p lin i 25-29

D e lo m e ris tin i 31-33

D ia c r i t i n i 34
■-T

Poem eniin i 35-38

R h y ssin i 39-42
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2.4. Testing the Townes classification

2.4.1. Outgroups

I t  i s  no t c le a r  which su b fam ily  of ichneum onids shou ld  p ro v id e  th e  
outgroup  fo r  com parison w ith  th e  p im p lin e s . The su g g e s tio n  has been 
made r e c e n t l y  t h a t  th e  p im p l in e s  b e lo n g  in  a c la d e  a lo n g  w ith  th e  
A c a e n itin a e , D ip la z o n tin a e , O xy to rin ae  and O rth o c e n tr in a e  (Brooks & 
Wahl, 1987). More r e c e n t ly  Wahl ( in  p re s s )  has su g g ested  an in fo rm a l 
taxonom ic g roup ing  f o r  th e  above s u b fa m ilie s  and a ls o  c o n s tru c te d  a 
t e n ta t i v e  cladogram  which shows th e  P im plinae  as th e  b a s a l  group o f 
th e  c la d e . T h is p o s i t io n  i s  d is c u sse d  in  c h a p te r  3 . A lthough n o t 
a l l  th e  f in e  d e t a i l s  of W ahl's  t r e e  a re  accep ted  in  t h i s  work, i t s  
o v e ra l l  c o n c lu s io n s  a re  en d o rsed .

T h ro u g h o u t t h e  o t h e r  m em bers o f t h e  c la d e  h av e  b ee n  u s e d  a s  
o u tg ro u p s , e s p e c i a l l y  th e  A c a e n i t in a e  w hich seem s to  be th e  l e a s t  
s p e c ia l i s e d  o f them and i s  p ro b ab ly  p a ra p h y le t ic  w ith  r e s p e c t  to  th e  
p im p lin e s  (s e e  c h a p te r  1 and U nderwood, 1 9 8 2 ). A long w ith  th e s e  
groups I  have used two s u b fa m il ie s  which a re  appear to  be c lo s e  to  
th e  base of ichneum onid phy logeny : th e  L abeninae and th e  T ry p ho n in ae . 
At an ev en  lo w e r  p h y l o g e n e t i c  l e v e l  th e  b r a c o n id  s u b f a m i l i e s ,  
B raconinae and D o ry c tin ae  have been examined and f i n a l l y ,  s i r i c o i d  
symphytan m a te r ia l  h as been in v e s t ig a te d  on o c c a s io n s .

2 .4 .2 .  The h o lo p h y ly  o f  th e  P im p lin a e

The f i r s t  re q u ire m e n t  o f a c l a d i s t i c  a n a l y s i s  i s  to  show t h a t  th e  
s tu d y  group i s  h o lo p h y le t ic .  T his means th a t  one has to  be a b le  to  
id e n t i f y  d e r iv e d  c h a r a c te r s  t h a t  a re  sh a re d  by every  member o f th e  
s tu d y  g roup  and no o th e r  t a x a  (a u ta p o m o r p h ie s ) . Townes (1969)
m entions s e v e r a l  sh a red  c h a r a c te r s  o f th e  P im p lin ae . The s t r e n g th  of 
th e se  i s  d is c u s se d  below .

(1) Absence o f th e  p re c o x a l s u lc u s  ( s te rn a u lu s  s e n s u  Townes 1 969).
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T his groove on th e  mesopleurum may mark th e  boundary betw een i t  and th e  
m esosternum . The o n ly  p im p lin e  amongst th e  s tu d y  group to  have i t  
seems to  be R h y s s e l l a  w here i t  i s  v e ry  weak- I t  i s  n o t  p r e s e n t ,  
however, in  most a c a e n i t in e s ,  la b e n in e s ,  try p h o n in e s  o r x o r id in e s .  I f  
i t s  p re sen ce  i s  p le s io m o rp h ic  th en  i t  has been l o s t  in d e p e n d e n tly  in  
s e v e ra l  l in e a g e s  and th e re  i s  no re a so n  to  b e l ie v e  th a t  i t s  lo s s  i s  an 
autapomorphy of th e  p im p lin e s . I t  m ight be , b u t th e re  i s  no way of 
t e l l i n g  e i t h e r  way. T h is i s  an u n fo r tu n a te  c h a r a c t e r i s t i c  of lo s s  
c h a r a c t e r s  and  o ne w h ic h  m akes r e c o n s t r u c t i o n s  o f  p h y lo g e n y  
th rou gh o u t th e  Hymenoptera p ro b le m a tic a l  (Gauld, 1985, 198 7a).

(2) Absence of th e  p o s t e r i o r  t r a n s v e r s e  c a r in a  o f th e  m esosternum . 
T his c a r in a  does seem to  be u n iv e r s a l ly  ab sen t in  p im p lin e s . I t  i s  
s t r o n g  in  some s p e c i e s  o f l a b e n in e s  and t ry p h o n in e s  b u t  a b s e n t  in  
o th e r s .  As p a r a l l e l  lo s s  of c a r in a e  seems to  be common amongst th e  
ichneum onids t h i s  i s  n o t an unambiguous autapom orphy. C a r in a t io n  i s  
v e ry  much re d u c e d  in  a l l  p im p l in e s ,  com pared w ith  th e  o u tg ro u p s .  
H ow ever, m o st s p e c i a l i s e d  g ro u p s  o f ic h n e u m o n id s  h a v e  r e d u c e d  
c a r i n a t i o n ,  and th e  same g e n e r a l  comments a p p ly  h e r e  a s  in  (1 ) 
above.

(3) 2m-cu (Second r e c u r r e n t  v e in ) o f fo rew ing  w ith  2 b u l l a e .  T his 
c h a ra c te r  s t a t e  i s  v e ry  common amongst th e  ou tg roup  ta x a ,  su g g e s tin g  
t h a t  i t  i s  t h e  p l e s i o m o r p h i c  s t a t e .  In  a d d i t i o n ,  t h e  t r i b e  
P o e m e n in ii h as  th e  two b u l l a e  so  c lo s e  to g e th e r  t h a t  th e y  o f te n  
a p p e a r  as one b u l l a  ( s e e  c h a r a c t e r  51 in  c h a p te r  3) and t h i s  i s  
undoub ted ly  apom orphic. C le a r ly  t h i s  c h a ra c te r  cou ld  o n ly  le a d  to  
th e  d e l in e a t io n  o f a p a r a p h y le t ic  tax o n .

(4) S h o r t ’ s l a r v a l  au tap o m o rp h y . S h o r t  (1 9 7 8 ): "The o u t s ta n d in g  
c h a ra c te r  fo r  t h i s  su b fam ily  i s  th e  p o s i t io n  of th e  hypostom al sp u r 
m eeting  th e  s t i p i t a l  s c l e r i t e  on o r n ea r i t s  p o in t  o f m eeting  w ith  
th e  l a b i a l  s c l e r i t e "  (p . 1 4 ) . T h is seems on th e  fa c e  o f i t  to  be th e  
b e s t  c a n d id a te  fo r  an autapom orphy. E xam ination  of th e  la r v a e  in  th e  
BM(NH) c o l l e c t i o n  and W ahl’s  i n v e s t i g a t i o n s  (1984 , in  p r e s s )  h ave 
confirm ed th a t  th e  hypostom al sp u r does meet th e  s t i p i t a l  sp u r in  th e  
m anner d e s c r i b e d  a b o v e  i n  a l l  s t u d i e d  f i n a l  i n s t a r  l a r v a e  o f
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p im p lin e s . However Wahl (op. c i t . )  b e l ie v e s  th a t  t h i s  i s  th e  f i r s t  
s ta g e  in  a tra n s fo rm a tio n  s e r i e s  which le a d s  to  th e  developm ent of a 
h y p o s t o m a l - s t i p i t a l  p l a t e  by th e  f u s io n  o f th e  two p r o c e s s e s .  I f  
t h i s  i s  t r u e ,  and i t  seem s p l a u s i b l e ,  th e n  th e  c h a r a c t e r  s t a t e  in  
p im p lin es  i s  sym plesiom orphic and n o t in d ic a t iv e  of h o lo p h y ly .

(5) In  a d d i t i o n  to  t h e  Townes c h a r a c t e r s  Wahl ( i n  p r e s s )  h a s  
s u g g e s t e d  t h a t  t h e  o n l y  a u ta p o m o r p h y  o f  t h e  P i m p l i n a e  
m ig h t be " a p i c a l  m a r g in  o f  t h e  c l y p e u s  t h i n  a n d  w i t h  
m e d ia n  n o t c h  -  a p p a r e n t l y  b i - l o b e d " . W i th in  t h e  P i m p l i n a e  
t h i s  c h a r a c t e r  s t a t e  i s  f o u n d  o n l y  i n  c e r t a i n  e p h i a l t i n e ,  
p o l y s p h i n c t i n e  an d  d e l o m e r i s t i n e  g e n e r a  -  i t  w o u ld  r e q u i r e  
a v e r y  u n l i k e l y  n u m b er o f  r e v e r s a l s  t o  be  a g o o d
autapom orphy.

The c h a r a c t e r s  d is c u s s e d  above do n o t seem to  s a t i s f a c t o r i l y  
d e l i n e a t e  a h o l o p h y l e t i c  g r o u p .  I t  may b e ,  o f  c o u r s e ,
t h a t  t h e  g r o u p  i s  p o l y t h e t i c  (G a u ld  & M ound, 1 9 8 2 ) an d  
t h i s  p o s s i b i l i t y  i s  d i s c u s s e d  b e lo w .  In  a n y  c a s e ,  f o r  t h e  
p u r p o s e s  o f  t h i s  p r e l i m i n a r y  a n a l y s i s  i t  i s  a s s u m e d  t h a t  
th e  P im p l in a e  a r e  a h o l o p h y l e t i c  g ro u p  w ith  an u n d i s c o v e r e d  
au tapo m o rp h y . The c h a r a c t e r  s t a t e s  u sed  in  th e  Townes (1969 , and 
contem porary  works g e n e ra lly )  c l a s s i f i c a t i o n  a re  now d e s c r ib e d , and 
p o l a r i ty  i s  a ss ig n e d  to  each .

2 . 4 .3 .  The C haracter S ta te s

A ll of th e se  c h a ra c te r s  a re  tak en  from th e  d e s c r ip t io n s  of su b fa m ily , 
t r i b e  and genus le v e l  c h a ra c te r s  in  Townes (1969). C h a ra c te rs  which 
a re  autapom orphies of g en era  o r a re  ex trem e ly  v a r ia b le  w ith in  g en e ra  
have n o t been  in c lu d e d .  Where th e  o u tg ro u p s  show a c o n fu se d  o r 
u n c e r ta in  c o n d it io n  a comment has been made in  th e  t e x t .  Where no 
comment i s  made i t  i s  im p lie d  t h a t  th e  o u tg ro u p s  show th e  assum ed 
p le s io m o rp h ic  c o n d i t i o n .  The c h a r a c t e r s  a re  f ig u r e d  i n  Townes 
(1969), Gauld (1984b) and F i t to n  e t  a l  (1988).

50



d-

One c h a r a c t e r  w hich i s  u sed  by Townes has b een  l e f t  o u t o f th e  
c h a ra c te r  s e t .  T his i s  th e  p r e s e n c e  o f  tw o  m a n d ib u la r  t e e t h  i n  th e  
f i n a l  i n s t a r  l a r v a e ,  which i s  one of th e  c h a r a c te r s  p r e s e n t ly  used to  
d e f in e  th e  t r i b e  D e lo m e r is t in i .  T his i s  due to  two p rob lem s: f i r s t ,  
th e  l a c k  o f  l a r v a l  s p e c im e n s ;  s e c o n d ,  th e  r e l a t e d  p ro b le m  o f 
i n t e r p r e t a t i o n  o f th e  c h a r a c t e r ,  w hich i s  made im p o s s ib le  by th e  
in c o n s is te n c ie s  o f th e  p u b lish e d  d raw in g s . S p radbery  (1970a) shows 
P s e u d o r h y s s a  m a c u l i c o x i s  as h av ing  on ly  one m an d ib u lar to o th ,  w h ile  
S ho rt (1978) shows th e  same s p e c ie s  w ith  two m and ib u lar t e e t h .  In  
a d d i t io n  S p ra d b e ry 's  (o p  c i t )  draw ing of M e g a rh y ssa  e m a r g in a to r ia  has 
two m andibu lar te e th  w h ile  S h o r t 's  (o p  c i t )  c l e a r l y  shows o n ly  one. 
W ith o u t r e f e r e n c e  to  new and  o ld  s p e c im e n s  a s e n s i b l e  s e t  o f  
c h a r a c t e r - s t a t e  m arkings cannot be made.

The c h a ra c te r s  a re  p laced  in  a ro u g h ly  a n t e r i o r  to  p o s t e r io r  o rd e r  
in  r e s p e c t  to  an ichneum onid body, and th e  num bering system  has no 
o th e r  s ig n i f i c a n c e .  M u l t is ta te  c h a ra c te r  (Gauld & Underwood, 1986) 
a re  in d ic a te d  in  decim al -  i . e .  th e  f i r s t  c h a r a c te r  s t a t e  in  a s e r i e s  
i s  r e f e r r e d  to  as x . l ,  th e  second x . 2  and so on. (1 ) i n d ic a te s  an 
apomorphy; (0 ) a p lesiom orphy .

1 . In n e r m argin of compound eyes s t ro n g ly  concave a t  l e v e l  of a n te n n a l 
so c k e ts  (1 ) ;  in n e r  m argin of compound eye s t r a i g h t ,  s l i g h t l y  convex, 
o r s l i g h t l y  concave a t  or above th e  le v e l  o f th e  a n te n n a l s o c k e ts  (0 ) .

2 .1 .2 .2 .  C lypeus w ith  median a p ic a l  n o tch  ( 1 ,0 ) ;  convex a p ic a l ly ,  o r 
a t  most s l i g h t l y  concave (0 , 0 ) ;  w ith  median a p ic a l  tu b e r c le  (0 , 1 ) .

3 .1 .3 .2 .  M andible u n id e n ta te  ( 1 ,1 ) ;  b id e n ta te  w ith  low er to o th  s h o r te r  
th an  upper to o th  (0 , 1 ) ;  b id e n ta te  w ith  upper to o th  s h o r te r  th a n  low er 
to o th  (1 , 0 ) ;  b id e n ta te  w ith  upper and low er te e th  c o e q u a l(0 , 0 ) .

4 . M andible b id e n ta te  w ith  upper to o th  c h i s e l  shaped  (1 ) ;  n o t l i k e  
t h i s  (0 ) .

5 . O c c i p i t a l  c a r in a  co m p le te  o r  a b s e n t  a t  m id l in e ,  u n d ip p ed  (0) ; 
com plete and d ipped  above m id lin e  (1 ) .
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6 . O c c ip i ta l  c a r in a  com plete (0 ) ;  ab sen t a t  m id lin e  (1)

7. D orsal h a l f  of tem ple w ith  s c a l e - l i k e  r id g e s  (1 );  d o r s a l  h a l f  of 
tem ple w ith o u t s c a l e - l i k e  r id g e s  (0 )

8 .1 .8 .2 .  N o ta u lu s  a b s e n t  ( 1 ,1 ) ;  p r e s e n t  b u t s h o r t  and weak ( 1 ,0 ) ;  
p re s e n t ,  long  and s tro n g  ( 0 ,0 ) .  T his c h a ra c te r  i s  d is c u s se d  in  more 
d e t a i l  in  C hap ter 3.

9. Epomia p re s e n t  and s tro n g  (0 );  ab sen t o r v ery  weak (1 ) .

10. P resence  o f sh a rp  t r a n s v e r s e  r id g e s  on th e  mesoscutum (1) , t h e i r  
absence (0) . A d i f f i c u l t  c h a ra c te r  to  p o la r i s e  e a s i ly  as th e re  a re  
many w ood-boring groups w ith  m eso scu ta l r id g e s  ( i b a l i i d s ,  a u la c id s ,  
some s i r i c i d s ) . C e r t o n o t u s  ( i n  t h e  L a b e n in a e )  h a s  v e r y  c l e a r  
m esoscu ta l r id g e s ,  b u t th e s e  may be analogous r a t h e r  than  homologous 
s t r u c tu r e s .

11. E p icnem ial c a r in a  (p re p e c ta l  c a r in a )  p re s e n t  (0 ) , ab sen t (1 ) .

1 2 . M e so p le u ra l fu rro w  a n g le d  o p p o s i te  e p i s t e r n a l  s c ro b e  (0 ) ;  n o t 
ang led  or w eakly ang led  (1 ) .

13. P le u ra l  c a r in a  of propodeum p re s e n t  and s tro n g  (0 ) , a b s e n t ,  weak 
o r o b so le s c e n t (1 ) . T ryphonines and la b e n in e s  have among th e  most 
com plete p ro po dea l c a r in a t io n  in  ichneum onids. In  a d d i t io n  f o s s i l  
ich n eu m o n id s seem to  have s t r o n g l y  c a r i n a t e  p ro p o d e a  ( R a s n i t s y n ,
1 9 8 0 ). As w ith  o th e r  c h a r a c t e r s  r e l a t e d  to  c a r i n a t i o n  a g e n e r a l  
t r e n d  to w ard  r e d u c t io n  can be s e e n , b u t  a l l  ich n eu m o n id s  w ith  no 
c a r in a e  on t h e i r  propodeum  lo o k  th e  sam e, "so r e a l  h o m o lo g ie s  a r e  
o b scu red .

1 4 .1 .1 4 .2 .  L a te r a l  lo n g i tu d in a l  c a r in a  of propodeum com plete  ( 0 ,0 ) ,  
p o s t e r io r ly  p re se rv e d  (1 , 0 ) ,  a b sen t (1 , 1 ) .

1 5 .1 .1 5 .2 .  L aterom edian  lo n g i tu d in a l  c a r in a  of propodeum co m p le te ,
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form ing  ' c e l l '  w ith  a p ic a l  and b a s a l  t r a n s v e r s e  c a r in a e  (0 , 0 ) ;  b a s a l ly  
p re s e n t  (1 , 0 ) ;  a b sen t (1 , 1 ) .

16. S u b -m e tap leu ra l c a r in a  of m etapleurum  com plete (0 ) , in co m p le te
(1) . U s u a l ly  f a r  b e t t e r  d e v e lo p e d  i n  th e  o u tg r o u p s  th a n  in  
p im p lin e s . L aben ines o f te n  have i t  p re s e n t  as a la r g e  f la n g e  betw een 
m id- and h in d -c o x a e .

17. L ast t a r s a l  segm ent en la rg ed  (1 ) , n o t e n la rg ed  (0 ) .

1 8 .1 .1 8 .2 .  Female t a r s a l  claws w ith  b a s a l  to o th  ( 1 ,1 ) ;  b a s a l  to o th  
o n ly  on f r o n t  a n d /o r m iddle claw s (1 , 0 ) ;  w ith o u t b a s a l  to o th  (0 , 0 ) .

19. T a rsa l  claw  h a i r  w ith  h a i r  w ith  f l a t t e n e d  t i p  (1 ) ;  w ith o u t h a i r  
w ith  f l a t t e n e d  t i p  (0 ) .

20. Vein 3rs-m  of fo rew in g  p re se n t form ing  a c lo se d  c e l l  ( th e  a r e o le t )
(0 ) , Vein 3rs-m  of fo rew in g  ab sen t n o t form ing  a c lo se d  c e l l  (1 ) .  In  
g e n e ra l ,  wing v e in  re d u c t io n  th rou gh o u t th e  Hymenoptera seems to  be 
an apom orphic f e a tu r e .  However i t  i s  a c h a ra c te r  h ig h ly  s u s c e p t ib le  
to  hom oplasy as a r e s u l t  o f p a r a l l e l  r e d u c t io n .

2 1 .1 ,2 1 .2 ,2 1 .3 .  D is ta l  a b s c is s a  of Cul in  h indw ing c lo s e r  to  M th an  
1A ( 0 , 0 , 0 ) ;  midway b etw een  M and 1A ( 1 , 0 , 0 ) ;  f u r t h e r  away from  M 
th an  1A ( 1 ,1 ,0 ) ;  a b sen t ( 1 ,1 ,1 ) .  Very u n c e r ta in  p o l a r i t y  (see  Gauld 
1985). L aben ines and try p h o n in es  b ro a d ly  ag ree  w ith  t h i s  p o l a r i t y ,  
x o r id in e s  and a c a e n i t in e s  do n o t .

22. F i r s t  t e r g i t e  o f g a s te r  f r e e  from i t s  s t e r n i t e  (0 ) ;  fu sed  to  i t s  
s t e r n i t e  (1 ) .

2 3 .1 .2 3 .2 .  D o r s o l a t e r a l  c a r in a  o f f i r s t  t e r g i t e  o f g a s t e r  p r e s e n t  
(0 , 0 ) ;  v e s t i g i a l  (1 , 0 ) ;  ab sen t (1 , 1 ) .

2 4 .1 .2 4 .2 .  M e d io d o rsa l l o n g i t u d i n a l  c a r in a  o f t e r g i t e  1 o f g a s t e r  
ex ten d in g  g r e a t e r  th a n  0.5X le n g th  of t e r g i t e  (0 ,0 ) ;  e x ten d in g  betw een
0 .25  to  0.5X le n g th  o f t e r g i t e  ( 1 ,0 ) ;  e x te n d in g  l e s s  th an  0.25X le n g th
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of t e r g i t e  (1 , 1 ) .

25. T e rg ite s  3 and 4 of g a s te r  w ith  p u n c tu re s  p re s e n t  (0 ) ;  ab sen t (1 ) . 
A somewhat a r b i t r a r y  coding  based on com m onality.

2 6 . T e r g i t e  3 a n d  4 o f  g a s t e r  w i t h  t u b e r c l e s  d e f i n i t e l y  
p r e s e n t  ( 1 ) ;  a b s e n t  ( 0 ) .  The t e r g i t e  i s  r o u n d e d  an d  
s o m e tim e s  h a s  hum ps on e i t h e r  s i d e  o f  t h e  m i d - l i n e .  
S e v e r a l  p r i m i t i v e  b r a c o n i d  g e n e r a  seem  t o  show  t h i s  
c h a r a c te r ,  b u t few ichneum onids.

2 7 .1 , 2 7 .2 .  F em ale s u b g e n i t a l  p l a t e  c o m p le te ly  s c l e r o t i s e d  ( 0 ,0 ) ;  
w eakly  s c l e r o t i s e d  a t  a n t e r i o r  edge (and  som etim es a ro u n d  ed g es) 
(1 , 0 ) ;  co m p le te ly  membranous (excep t som etim es a t  edges) (1 , 1 ) .

28. T e rg ite  9 of g a s te r  of fem ale ex tended  a p ic a l ly  (1 ) ;  n o t ex tended
(0) . The u s u a l  ich n eu m o n id  c o n d i t io n  i s  to  have  a f a i r l y  s h o r t  
t e r g i t e  9. T ryphonines have s h o r t  t e r g i t e  9 s, b u t th ey  d o n 't  b o re  
in to  wood. L aben ines have long  t e r g i t e  9s where th ey  a re  w ood-boring .

29. T e rg ite  9 a p ic a l  horn  o r boss p re s e n t  (1 );  a b sen t (0 ) . None of 
th e  ou tg rou ps (even th e  w ood-boring C e r to n o tu s  and C o le o c e n t r u s ) have 
t h i s  c h a ra c te r  in  th e  apomorphic s t a t e .

30. O v ip o s i to r  l e n g th  g r e a t e r  th a n  fo re w in g  le n g th  ( 1 ) ;  l e s s  th a n  
fo rew ing  le n g th  (0 ) .

31. O v ip o s ito r  sub-m edian sw e llin g  p re s e n t  (1 ) ;  a b sen t (0 ) .

32. E p istom al a rch  o f th e  L arva com plete and h e a v ily  s c l e r o t i s e d  (1 ) ;  
incom p le te  (0 ) . S h o rt (1978) su g g e s ts  t h a t  th e  apom orphic s t a t e  of 
t h i s  c h a r a c t e r  i s  a s s o c i a t e d  w ith  th e  e n d o p a r a s i t i c  h a b i t .  The 
o u tg rou ps a re  co n fu s in g  as th ey  do n o t seem to  have a t y p ic a l  s t a t e .  
T his p o l a r i t y  somewhat in  d oub t.

3 3 .1 ,3 3 .2 .  L a rv a l  m edian  d o r s a l  t u b e r c l e s  a b s e n t  ( 0 ,0 ) ;  one p e r  
segment (1 , 0 ) ;  two p e r segment (1 , 1 ) .
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2.5. Results

As i n d i c a t e d  in  c h a p t e r  1 , t h e  r e s u l t s  w i l l  be p r e s e n t e d  a s  
cladogram s -  th e  d i r e c t  o u tp u t from th e  c o m p a t ib i l i ty  program s; then  
as h y p o t h e t i c a l  t r e e s  -  th e  c la d o g ra m s  w ith  o t h e r  h o m o p la s t i c  
c h a ra c te r s  added, so t h a t  c o n s id e ra t io n s  of r e v e r s a l  o r p a r a l le l i s m  
a re  in v o lv e d . For more d e t a i l s  on th e  m ethodology, see  c h a p te r  1.

The LEQUB pro gram  p ro d u c ed  an o v e r a l l  random ness r a t i o  o f 0 .7 5 ,  
and t h i s  i n d ic a te s  a h ig h  l e v e l  of homoplasy (see  c h a p te r  1 ) . There 
a re  o n ly  two p o la r  i n c o m p a t i b i l i t i e s  and as one o f th e  c h a r a c t e r s  
(1 4 .1 ) does n o t  e n t e r  any c l i q u e  and was throw n o u t e a r l y  in  th e  
a n a l y s i s ,  i t s  p o l a r  i n c o m p a t i b i l i t y  d id  n o t  e f f e c t  e i t h e r  th e  
cladogram  o r t r e e  c o n s t r u c t io n .

2 . 5 .1 .  Cladogram s: i n i t i a l  o u tp u t

The r e s u l t s  o f th e  LEQU and O'NOMOD a n a ly s e s  a re  shown in  f i g  2 .1  and 
f i g  2 .2 .  T h ere  a r e  o n ly  s m a ll  d i f f e r e n c e s  b e tw een  them . B oth 
c la d o g r a m s  s p l i t  t h e  p i m p l i n e s  i n t o  t h r e e :  an  
e p h ia l t in e + p o ly s p h in c t in e  group (by c h a ra c te r  2 6 ); a poem eniine group 
(by c h a ra c te r  11) and a rh y ss in e+ P seu d o rh y ssa  group (by c h a ra c te r s
2 .2  and 1 0 ) .  The l a s t  two g ro u p in g s  a r e  n o t ch an ged  betw een  th e  
a n a ly s e s  w h ile  th e  f i r s t  i s  a l t e r e d  o n ly  by th e  sw app ing  o f two 
c h a r a c t e r s  (2 .1  i n  th e  LEQU and 3 3 .1  in  th e  O'NOMOD). In  e s s e n c e  
t h i s  sim ply  in c re a s e s  o r d e c re a se s  th e  number o f u np laced  tax a  and 
s h i f t s  t a x a  1 2 ,  13 a n d  14 fro m  t h e  e p h i a l t i n e  g r o u p  t o  t h e  
p o ly sp h in c tin e  group o r v ic e - a - v e r s a .

The m ajor problem  w ith  b o th  cladogram s i s  th a t  s e v e r a l  groups th a t  
th e  Townes 1969 c l a s s i f i c a t i o n  im p lie s  a r e j i a t u r a l  a r e  n o t p la c e d  
to g e th e r .  The most o bv ious o f th e s e  i s  th e  t r i b e  P im p lin i (presumed 
autapom orphic c h a r a c te r ,  1 2 ) which i s  s p l i t  a c ro s s  th e  cladogram  (see  
b e lo w ). T his i s  due to  th e  p re se n c e  of a s t r a i g h t  m eso p leu ra l fu rrow  
in  ta x a  41 and 4 2 , m aking c h a r a c t e r  12 h o m o p la s t ic .  In  a d d i t i o n  
c h a ra c te r  19 ( t a r s a l  claw  h a i r )  combines th e  genus X a n th o p im p la  (29; 
P im p lin i)  w ith  th e  genus T h e ro n ia  (30; D e lo m e r is t in i ) . In  a d d i t io n ,
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Fig 2.1. LEQUB/PROB cladogram for the Townes data set.
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Fig 2.2. O'NOMOD cladogram for the Townes data set.
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th e  t r i b e  E p h ia l t i n i  i s  c h a r a c te r is e d  as p a r a p h y le t i c , le a v in g  the  
h o l o p h y l y  o f  o n ly  2 t r i b e s  s u p p o r t e d  by t h e  a n a l y s i s  -  t h e  
P o ly s p h in c t in i  (by 31, 3 3 .2  and 17) and th e  R hy ssin i (by 4 and 2 9 ). 
However, th e  a n a ly s is  g roups th e  R h y ss in i and P s e u d o r h y s s a  t o g e th e r ,  
th e  l a t t e r  n o rm a lly  p la c e d  w i th in  th e  D e l o m e r i s t i n i . O v e r a l l ,  i t  
does n o t s u p p o r t  th e  Townes c l a s s i f i c a t i o n ,  o r p r e s e n t  a c o h e re n t  
a l t e r n a t i v e .  Some c h a r a c t e r s  seem to  have d rag g ed  ta x a  away from  
t h e i r  p ro b a b le  homes and w ith o u t some d is c u s s io n  of th e  so u rc e s  of 
homoplasy in  th e  d a ta  s e t  i t  i s  n o t o f much p r a c t i c a l  u se .

2 . 5 .2 .  T r e e s:  p h y lo g e n e t ic  h y p o th e se s

T hese p o o r ly  r e s o lv e d  c la d o g ra m s  can be t i d i e d  up som ewhat by 
lo o k in g  a t  w here p a r a l l e l i s m s  and r e v e r s a l  m ig h t o c c u r .  H ow ever, 
th e re  i s  one problem  which cannot be so lv e d  by t h i s  m ethod. I t  i s  
th a t  th e  genus D i a c r i t u s  does n o t group w ith  any o th e r  ta x a  in  e i t h e r  
of th e  two a n a ly s e s  (and i s  th e  o n ly  OTU t h a t  does n o t ) , t h i s  and th e  
e v id e n c e  p r e s e n te d  in  th e  n e x t  c h a p te r  s u g g e s ts  t h a t  i t  d o es  n o t 
belong  amongst th e  P im p lin ae  even in  th e  sen se  of Townes. For t h i s  
re a so n  i t  i s  n o t  p r e s e n te d  in  th e  c lad o g ram s -  s im p ly  b e c a u se  i t  
would be r e p r e s e n te d  by a s i n g l e  l i n e  w ith  no r e l a t e d  b r a n c h e s ,  a 
r e p r e s e n ta t io n  th a t  has no in fo rm a tio n  c o n te n t .

The c h a r a c t e r s  w hich  w ere th row n  o u t o f th e  c l i q u e  l a s t  a r e  now 
c o n s id e re d :

(a) C h a ra c te r  3 3 .1 . T h is l a r v a l  c h a r a c te r  r e q u ire s  one p a r a l l e l i s m  
in  c h a ra c te r  2 .1  in  tax o n  13 to  p la c e  i t  in  th e  p a r a p h y le t ic  group 
d e l in e a te d  by p o s s e s s in g  c h a ra c te r  33 .1  b u t not c h a r a c te r s  17 , 31 o r
3 3 .2 .

(b) C h a rac te r  28. T h is would l in k  to g e th e r  taxon  15, 33, 36, 37, 
38, 39, 40, 41 and 42. To f i t  t h i s  i n to  th e  c l iq u e  would in v o lv e  a 
p a r a l l e l i s m  in  ta x o n  15 (o r  two p a r a l l e l i s m s  in  c h a r a c t e r s  26 and
2 . 1 , which seems ex trem e ly  u np arsim on io us) and one r e v e r s a l  in  taxon
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35. The r e s u l t  o f t h i s  i s  to  l i n k  th e  p r e s e n t l y  a c c e p te d  t r i b e s  
P oem en iin i, R h y ssin i and th e  genus P s e u d o r h y s s a  i n to  -a s in g le  c la d e  
unconnected  w ith  th e  r e s t  of th e  p im p lin e s .

(c) C h a r a c te r  1 . One p a r a l l e l i s m  i s  r e q u i r e d  in  ta x o n  18 (o r 
a l t e r n a t i v e l y  4 p a r a l le l i s m s  in  c h a ra c te r s  17, 3 3 .2 , 31 and 16, once 
ag a in  l e s s  l ik e ly )  to  p la c e  t h i s  in  th e  c l iq u e .  The c h a ra c te r  l in k s  
t o g e t h e r  t a x a  2 5 , 2 6 , 29 and  3 0 ; t h a t  i s ,  p a r t  o f  th e  p r e s e n t  
P im p lin i and T h e r o n ia .

(d) C h a rac te r  2 4 .2 . To f i t  t h i s  c h a ra c te r  in to  th e  c l iq u e  would 
r e q u ir e  a t o t a l  of 5 s e p a ra te  p a r a l le l i s m s  (in  taxon  15, 27, 28, 31 
and 34) -  a c c e p tin g  c h a ra c te r  28 as v a l id .  T his and th e  n a tu re  of 
th e  c h a r a c t e r  -  w h ich  i s  a r e d u c t i o n  in  i t s  a p o m o rp h ic  s t a t e ,  
su g g e s ts  th a t  th e  c h a ra c te r  i s  too  h o m o p lastic  to  be p h y lo g e n e t ic a l ly  
in fo rm a tiv e . In  c a se s  where t h i s  number of p a r a l le l i s m s  a re  re q u ire d  
i t  seem s e n t i r e l y  a m a t t e r  o f s u b j e c t i v e  c h o ic e  w h e th e r  t h e  
p a r a l l e l i s m s  a r e  im p u ted  in  ta x a  w hich would f i t  in  w ith  a c l i q u e  
( i . e .  make th e  c h a ra c te r  l e s s  h o m o p las tic ) o r in  ta x a  which would be 
i n c o m p a t i b l e  w i t h  t h e  c l i q u e  ( i . e .  make t h e  c h a r a c t e r  m ore  
h o m o p la s tic ) . In  th e s e  ca se s  th e  c h a ra c te r  must be r e j e c t e d .

(e) C h a rac te r  1 8 .2 . T his c h a ra c te r  r e q u ire s  2 p a r a l le l i s m s  (taxon  
36 and 37) and 7 r e v e r s a l s  ( ta x a  25, 27, 28, 29, 30, 31 and 32) and 
t h e r e f o r e  th e  comments f o r  (d) above sh o u ld  a p p ly .  H ow ever, t h i s  
p a t t e r n  o f r e v e r s a l s  c o u ld  be i n d i c a t i v e  of a c h a r a c t e r  w hich was 
e v o lv e d  e a r l y  in  th e  p h y lo g e n e t ic  h i s t o r y  of a g ro u p  and h as been  
l o s t  in  s e v e r a l  l i n e s .  These s o r t  of c h a ra c te r s  a re  v ery  d i f f i c u l t  
to  d e a l  w ith  o b j e c t i v e l y  as  a l th o u g h  th e y  o f te n  seem v e ry  u s e f u l  
(being  r i g h t  a t  th e  b ase  of la r g e  groups) they  a ls o  show a g r e a t  d e a l 
of re d u c t io n  hom oplasy. At t h i s  s ta g e  th e  c h a ra c te r  must be r e j e c t e d  
f o r  th e  r e a s o n s  g iv e n  i n  ( d ) , b u t  a f u r t h e r  c o n s i d e r a t i o n  o f t h i s  
c h a ra c te r  and o th e r s  l i k e  i t  i s  g iven  in  c h a p te r  3 ( c f .  s e c t io n  1 .5 ) .

( f )  C h a r a c te r  1 8 .1 .  The same g e n e r a l  comments a p p ly  to  t h i s  
c h a ra c te r  as fo r  i t s  r e l a t e d  c h a ra c te r  18 .2  (e) above.

59



The h y p o th e t ic a l  t r e e  i s  shown in  f i g  2 .3 . How does t h i s  a n a ly s is  
com pare w ith  Townes c l a s s i f i c a t i o n  (1 969 )?  The r e s u l t s  f o r  th e  
c l a s s i f i c a t i o n  a re  shown in  ta b u la r  form below.

T ab le  2 .3 .  Summary o f d i f f e r e n c e s  betw een  a n a l y s i s  r e s u l t s  and 
p re s e n t c l a s s i f i c a t i o n .

Group Townes A n aly sis

P im plinae su b -fa m ily p a ra p h y le tic ?
p o ly p h y le tic ?

P o ly s p h in c t in i t r i b e h o lo p h y le t ic
E p h ia l t in i t r i b e p a ra p h y le tic
P im p lin i t r i b e p o ly p h y le t ic
D e lo m e ris tin i t r i b e p o ly p h y le t ic
Poem eniin i t r i b e h o lo p h y le t ic
R hyssin i t r i b e h o lo p h y le t ic

The d a ta  s e t  d e r iv e d  from th e  Townes d a ta  th e re fo re  im p lie s :  f i r s t ,  
th a t  th e  P im p lin ae  a re  n o t a h o lo p h y le t ic  group -  and th a t  a t  b e s t  
they  can be s p l i t  i n to  two h o lo p h y le t ic  groups o n ly  t e n t a t i v e l y  (or 
th re e  in c lu d in g  D i a c r i t u s ) ; secon d , t h a t  many of th e  t r i b e s  in  th e  
accep ted  c l a s s i f i c a t i o n  a re  u n n a tu ra l .

However, t h e r e  i s  much t h a t  i s  u n s a t i s f a c t o r y  in  t h i s  i n i t i a l  
a n a ly s is  of th e  P im p lin a e . To s t a r t  w ith , some of th e  groups which 
a p p e a r  a s  p o l y p h y l e t i c  o r  p a r a p h y l e t i c  in  t h e  a n a l y s i s  seem  
i n t u i t i v e l y  to  be h o l o p h y l e t i c .  The b e s t  exam ple o f t h i s  i s  th e  
P im p l in i ,  w hich  seem b i o l o g i c a l l y  to  be a good g ro up  and have an 
autapomorphy ( c h a r a c te r  12 -  m e so p le u ra l furrow  a n g le ) , b u t one which 
does n o t end up in  any o f th e  c l i q u e s .  T h is  seem s to  be due to  a
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Key: ■ - apomorphy; © - reversal; 0 - parallelism. 
Table 2.3. Final tree for the Townes data set.
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p a r a l l e l i s m  b e tw e e n  two o f th e  r h y s s i n e  g e n e r a  ( L y t a r m e s  and  
E p i r h y s s a ) and th e  P im p l in i .  The w e ig h t o f o th e r  e v id e n c e  in  th e  
a n a ly s is  i s  s t ro n g ly  a g a in s t  a P im p lin i-R h y ss in i  g ro u p in g , and ta k in g  
out the  two p a r a l l e l i s m s  r e i n s t a t e s  th e  P im p lin i as a h o lo p h y le t ic  
group . S im ila r ly  c h a r a c te r s  10 and 2 .2  su g g est th a t  P s e u d o r h y s s a  i s  
th e  s i s te r - g r o u p  of th e  R h y ss in i. Both th e  c h a ra c te r s  which su p p o rt 
t h i s  grouping  a re  a s s o c ia te d  w ith  th e  deep w o o d -asso c ia ted  h a b i t  (see  
c h a p te r  4 ) , and th e r e f o r e  a re  l i k e l y  to  be p a r a l le l i s m s  in  t h i s  c a se . 
These problem s a re  d e a l t  w ith  in  more d e t a i l  in  c h a p te r  3.

A f in a l  p o in t which i s  w orth  s t r e s s i n g  i s  th a t  th e  c h a ra c te r s  used 
in  Townes' c l a s s i f i c a t i o n  a re  n o t meant to  c o n s t i tu t e  a com prehensive 
l i s t i n g  of d ia g n o s t ic  c h a r a c t e r i s t i c s .  They a re  th e  c h a ra c te r s  th a t  
he c o n s id e r s  to  be th e  m ost a p p r o p r i a t e ;  e i t h e r  b e c a u se  th e y  a re  
s im p le s t to  s e e , a re  most e a s i l y  d e s c r ib e d  o r have t r a d i t i o n a l l y  been 
employed. T h is means th a t  th e y  a re  a su b s e t  of th e  t o t a l  number of 
c h a ra c te r s  which m ight be in v e s t ig a te d  in  a c l a d i s t i c  a n a ly s i s .  For 
t h i s  reason  i t  i s  n o t s a fe  to  r e l y  on th e s e  c h a ra c te r s  a lo n e , which 
a re  in d ic a to r s  fo r  an i n t u i t i v e  c l a s s i f i c a t i o n .  In  th e  n ex t c h a p te r  
an a n a ly s i s  o f new c h a r a c t e r s  and re a s s e s s m e n t  o f some of th e  o ld  
w i l l  lead  to  a d i f f e r e n t  p e r s p e c t iv e  phylogeny and c l a s s i f i c a t i o n  of 
th e  "p im p lin e s" .
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CHAPTER 3: THE PHYLOGENY OF THE PIMPLINAE £

3.1. Introduction

The Townes d a ta  s e t  c o n s i s t s  of a s e r i e s  of c h a r a c te r s  which do 
n o t e n a b le  c l e a r  p h y lo g e n e t ic  p a t t e r n s  to  be r e s o lv e d .  In  t h i s  
s e c tio n  I  w i l l  b r i e f l y  examine f e a tu r e s  of p im pline  m orphology which 
ap p ea r to  be of p o t e n t i a l  p h y lo g e n e t ic  s i g n i f i c a n c e .  T h is  i s  n o t 
m eant to  be r e v ie w  o f  p im p l in e  m o rp h o lo g y , b u t  an e x e r c i s e  i n  
e x a m in in g  c h a r a c t e r  s t a t e s  an d  an  a t t e m p t  t o  a n a l y s e  t h e s e  
c l a d i s t i c a l l y .  The o b ta in e d  d a ta  s e t  w i l l  then  be combined w ith  th e  
Townes one to  o b ta in  a b e t t e r  id e a  of r e l a t i o n s h i p s .

3.2. Head

3 .2 .1 .  Back o f th e  head

R a s n i t s y n  (1 9 80 ) s u g g e s t s  t h a t  t h e  b ac k  o f t h e  h e a d  i s  f a i r l y  
p r im itiv e  in  ichneum onids. I t  does n o t seem to  change much w ith in  
th e  P im p lin a e . In  a l l  p im p lin e s  a h y p o s to m a l b r id g e  i s  p r e s e n t ,  
n e a r ly  alw ays w ith  th e  p o s tg en a  fu sed  v e n t r a l l y  a long  th e  m id lin e  to  
form a p o s tg e n a l b r id g e  ( f ig  3 .1 ) .  The e x te n t  o f t h i s  fu s io n  v a r ie s  
from taxon to  taxon  b u t as a l l  s t a t e s  a re  w idely  sp re a d  th ro u g h o u t 
th e  p im p lin e s  and t h e i r  o u tg ro u p s ,  i t  i s  r e j e c t e d  a s  h a v in g  no 
p h y lo g e n e tic  v a lu e .

On th e  p o s t-o c c ip u t  o f a number o f p im p lin es  i s  a r a i s e d  p la tfo rm  
w ith  a no tch  ( f ig  3 .2 ) .  Amongst th e  o u tg ro u p s i t  c e r t a i n ly  o ccu rs  in  
th e  A c a e n itin a e , which im p lie s  t h a t  i t s  p re sen ce  i s  p le s io m o rp h ic  a t  
t h i s  l e v e l .  C h a r a c te r  3 4 .  R a i s e d  p l a t f o r m  a n d /o r  n o tc h  on v e r t e x  
b e lo w  th e  o c c i p i t a l  c a r in a  ( 0 ) ;  n o  p l a t f o r m  o r  n o tc h  ( 1 ) .

There i s  an expansion  of th e  Foramen ( p o s te r io r  t e n t o r i a l  p i t s )  to
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Fig 3.1. Post genal region of D o l i c h o m i t u s  i m p e r a t o r showing partial 
fusion of postgena . X 110.

Fig 3.2. Notch on post-occiput of D o l i c h o m i t u s  i m p e r a t o r . X 110.
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form  p a i r e d  e x te n d e d  c a v i t i e s  i n  some ta x a  ( f i g  3 . 3 . ) .  T h is  
s t r u c tu r e  i s  p re s e n t  b u t n o t p a r t i c u l a r l y  w e ll developed  in  P o em en ia  
and D e u te r o x o id e s ; i t  i s  more s t ro n g ly  developed  in  N e o x o r id e s  and 
ex trem ely  w ell developed  in  P o d o s c h i s t u s .
C h a r a c t e r  3 5 .  A n t e r i o r  p a r t  o f  f o r a m e n  e x p a n d e d  on e i t h e r  s i d e  t o  
fo rm  a p a i r  o f  h o l l o w s  o r  m o re  e x t e n d e d  c a v i t i e s  ( 1 ) ;  fo r a m e n  n o t  
e x p a n d e d  (0 )

3 .2 .2 .  M outhparts

The p r im it iv e  number of m a x il la ry  and l a b i a l  p a lp s  segm ents amongst 
th e  Hymenoptera i s  6 m a x il la ry  and 4 l a b i a l  (R ich a rd s , 1977); t h i s  i s  
m od ified  in  most Ichneum onoidea to  5 m a x il la ry  and 4 l a b i a l .  In  a 
few p im p lin es th e  number of l a b i a l  p a lp  segm ents i s  reduced  from 4 to
3 . There i s  o f te n  a ls o  a re d u c t io n  o f th e  number of m a x il la ry  p a lp  
segm ents from 5 to  4, a lth o u g h  t h i s  i s  due to  a r e d u c t io n  in  s i z e  of 
th e  1 s t  m a x i l l a r y  p a lp  segm ent so  t h a t  i t  i s  n o t  c l e a r l y  v i s i b l e .  
C h a r a c te r  3 6 . L a b ia l  p a l p s  3 - s e g m e n te d  ( 1 ) ;  l a b i a l  p a l p s  4 - s e g m e n te d
(0)

There a re  a few d iv e rg en c es  from th e  g e n e ra l  p a t t e r n  of ichneum onid 
p a lp s .  N e o x o r id e s  has v ery  long  th in  m a x il la ry  p a lp s  and t h i s  i s  
au tapom orph ic; D e u te r o x o id e s ,  P o em en ia  and P o d o s c h i s tu s  have narrow  
b a r re l- s h a p e d  2nd and 3rd l a b i a l  p a lp  segm ents. C h a r a c te r  3 7 .  N a rro w  
2 n d  and 3 r d  l a b i a l  p a l p a r  s e g m e n ts  ( 1 ) ;  p a l p s  n o t  n a r r o w e d  (0 )

3 .2 .3 .  A ntennal S tru c tu re

S e v e r a l  s t u d i e s  h av e  e x a m in ed  th e  s e n s i l l a  fo u n d  w i t h i n  t h e  
Hymenoptera ( S l i f e r  & Sekhon, 1960, 1961; * c*- - *1. t.- « ; von
W a lth e r , 1979; B a r l in  & V in so n , 1981 ; B a r l in  e t  a l ,  1981 B in & 
V inson, 1986; f o r  exam ple), and one in v e s t ig a t in g  ichneum onoids i s  of 
s p e c ia l  i n t e r e s t  h e re  (N orton & V inson, 1 9 7 4 ). In  su p p o rt o f th e s e  a 
su rv ey  of th e  p ro b ab le  p im p lin e  o u tg ro u p s has been perform ed and a 
g e n e ra l id e a  o f th e  p o l a r i t i e s  has em erged. The fo llo w in g  r e p r e s e n t
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Fig 3 .3 . Foramen of N e o x o r id e s  c o l l a r i s  showing expanded l a t e r a l  
h o llow . X 110.

Fig 3 .4 . Smooth b a s ic o m c  se n s illu m  (type A) of L io tr y p h o n  c y d ia e .  
X 13 000.
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th e  p ro bab le  p le s io m o rp h ic  c o n d it io n  w ith in  ichneum onids as a w hole:
(a) T rich o id  s e n s i l l a .  H a i r - l ik e  w ith  sh a llo w  lo n g i tu d in a l  g rooves 
and s h a rp ly  p o in te d  t i p s .  L e n g th s  v a ry in g  from  15-24  pm, b a s a l  
d iam e te rs  from l-3pm .

(b) P la c o id  s e n s i l l a .  P l a t e - l i k e  s t r u c tu r e s  s l i g h t l y  e le v a te d  above 
th e  f l a g e l l a r  s u r f a c e .  They have a smooth su rfa c e  and a re  su rro und ed  
by a c u t i c u la r  r id g e .  T h e ir  le n g th s  v a ry in g  from 15-60 pm, d ia m e te rs  
from 1 .5 -1 8  pm (ex trem e  c a s e  o f O d o n to c o lo n )  . P r e s e n t  on a l l  (o r 
n e a r ly  a l l  ) f l a g e l l a r  segm ents o f bo th  s e x e s .

(c) B a s ic o n ic  s e n s i l l a .  T h ere  seem to  be fo u r  m o rp h o lo g ic a l ly  
d i s t i n c t  ty p es  of th e s e  s e n s i l l a :

( i )  F lu te d .  P r o j e c t i n g  p e r p e n d i c u l a r l y  from  th e  a n te n n a l  
s u r f a c e .  They p o s s e s s  f l u t e d  s u r f a c e s  and s l i g h t l y  b lu n t  t i p s .  
L eng ths v a ry in g  from  1 5-60  pm. T hese seem to  be p r e s e n t  on a l l  
f l a g e l l a r  segm ents o f b o th  s e x e s . O ften  la rg e  h a i r s  a re  a s s o c ia te d  
w ith  th e  d i s t a l  ends of seg m ents.

( i i )  F l u t e d  b e n t - t i p p e d .  O f te n  fo u n d  o n l y  on f e m a le  
a n t e n n a e ,  t h e y  seem  t o  be com m oner i n  b r a c o n i d s  t h a n  
ichneum onids (N orton  & V in so n , 1 9 7 4 ). They a re  c h a r a c t e r i s e d  by 
h av in g  a f l u t e d  s u r f a c e  , a b r u p t ly  b e n t  a p i c a l  r e g io n  and a sm a ll  
b u lb - l ik e  t i p .  The av erage  le n g th  from b ase  to  b eg in n in g  o f bend i s  
from 16-22pm, th e  b a s a l  d iam e te r v a r ie s  form 1 . 8- 2 . 2  pm.

( i i i )  Curved n o n - f lu te d .  Common and u s u a l ly  from 5-8 pm lo n g . 
These u s u a l ly  have re a so n a b ly  sh a rp  t i p s ,  a lth o u g h  in  some c a se s  th ey  
can be b lu n t  ( in  C a r d i o c h i l e s  n i g r i c e p s  as d e s c r ib e d  by N o rto n  & 
V inson, 1974, fo r  exam ple.)

( iv )  Sm ooth. T hese a r e  s e n s i l l a  o f v a r io u s  sh a p e s  and s i z e s  
w hich o f te n  c o n s i s t  o f  p eg s  i n  p i t s .  P r i m i t i v e l y  th e y  a r e  o f t e n  
l a r g e  b u lb o u s  s t r u c t u r e s  a r i s i n g  from  th e  a n te n n a l  s u r f a c e .  T h is  
p r im itiv e  c o n d it io n  o n ly  seems to  be found in  P o d o s c h i s tu s  amongst 
th e  stud y  OTUs.
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A ll th e  s tu d ie d  ta x a  have t r i c h o i d  and p la c o id  s e n s i l l a  in  th e  
p le s io m o rp h ic  s t a t e  d e s c r ib e d  above. F lu te d , f lu te d  b e n t - t ip p e d  and 
c u rv e d  n o n - f l u t e d  b a s i c o n i c  s e n s i l l a  a r e  a l s o  fo u n d  i n  t h e i r  
p le s io m o rp h ic  s t a t e .  These c h a r a c te r s  do n o t v ary  and th e r e f o r e  a re  
of no p h y lo g e n e tic  s i g n i f i c a n c e .  Only in  th e  d i s t r i b u t i o n  o f smooth 
b a s ic o n ic  s e n s i l l a  does th e re  seem to  be any r e a l  v a r ia t io n .

T h e re  seem  to  be tw o t y p e s  o f sm o o th  b a s i c o n i c  s e n s i l l a  o f 
p o te n t i a l  p h y lo g e n e tic  s ig n i f i c a n c e  found amongst th e  p im p lin e s . The 
f i r s t  s t r u c t u r e  i s  a peg  in  a p i t ,  su rro u n d e d  by a c u t i c u l a r  r i n g  
( f ig  3 .4 ) .  The peg can e i t h e r  end in  a b lu n t o r a sw o llen  t i p .  The 
w id th  of th e  r in g  v a r ie s  from 1 .5 -2 .5  pm, and th e  le n g th  of th e  peg 
from 1 .7 -2 .8  pm. These seem to  be th e  s e n s i l l a  d e s c r ib e d  in  N orton & 
V inson (1 9 7 4 ) . T h e ir  p re s e n c e  in  o u tg ro u p  ta x a  im p l ie s  t h a t  th e  
a b s e n c e  o f  th e  c h a r a c t e r  s t a t e  i s  a p o m o rp h ic .  C h a r a c t e r  3 8 .  
P r e s e n c e  o f  sm o o th  b a s i c o n i c  s e n s i l l a  ( t y p e  a) ( 1 ) ;  a b s e n c e  o f  th e s e  
s e n s i l l a  (0 )

The second se n s illu m  i s  much l a r g e r .  I t  aga in  c o n s is t s  of a peg in  
a p i t  w ith  a s u r ro u n d in g  r i n g .  H ow ever, in  t h i s  c a s e  t h e r e  i s  a 
c e n t r a l  a re a  of v a r ia b le  s t r u c tu r e  betw een the  peg and th e  r in g  ( f ig  
3 .5 ) .  The peg v a r ie s  from 2 -3 p n in  le n g th  and th e  t o t a l  d iam e te r of 
th e  r i n g  from  6 - 9  pm. As no o u tg r o u p s  seem  to  p o s s e s s  t h i s  
c h a ra c te r  s t a t e  i t s  p re sen ce  i s  apom orphic. C h a r a c te r  3 9 . P r e s e n c e  
o f  sm o o th  b a s i c o n i c  s e n s i l l a  ( t y p e  b )  (1 ) ;  a b s e n c e  o f  th e s e  s e n s i l l a
(0)

T ab le  3 .1  shows th e  tax o n o m ic  d i s t r i b u t i o n  o f sm ooth  b a s ic o n ic  
s e n s i l l a  am ongst th e  s tu d y  OTUs. The n o te s  show th e  v a r i a t i o n  in  
s t r u c tu r e s  and d i s t r i b u t i o n s  o f s t r u c tu r e s  o b se rv ed .

6 8



Table 3.1. Distribution of smooth basiconic sensilla amongst the Pimplinae

G en u s S B S (a ) S B S (b )

E x e r i s t e s
E n d r o m o p o d a - -
A f r i e p h i a l t e s - -

E p h i a l t e s +i -

L i o t r y p h o n + -
T o w n e s i a - -

P a r a p e r i t h o u s - -

D o l i c h o m i t u s + -

A c r o p i m p l a + -

G r e g o p i m p l a — -
I s e r o p u s — -
T r o m a t o b i a - -

Z a g l y p t u s +2 -
C l i s t o p y g a + -

P s e u d o p i m p l a - +3
D r e i s b a c h i a — -

S c h i z o p y g a - -
A c r o t a p h u s - +
A c r o d a c t y l a — —

P i o g a s t e r * •k
O x y r r h e x i s — —
P o l y s p h i n c t a + -

S i n a r a c h n a + —

Z a t y p o t a + -
I t o p l e c t i s + -

A p e c h t h i s - -

P i m p l a — -

S t r o n g y l o p s i s + -

X a n t h o p i m p l a — -

T h e r o n i a - -

P e r i t h o u s - -

D e l o m e r i s t a — -

P s e u d o r h y s s a - +4
D i a c r i t u s - -

P o e m e n i a — +
D e u t e r o x o i d e s - +
P o d o s c h i s t u s - +
N e o x o r i d e s +5 +4
R h y s s a - +6
R h y s s e l l a — +
L y t a r m e s — +
E p i r h y s s a ““ +

Key: +, s t ru c tu re  p re se n t;  s t ru c tu re  no t p re se n t; * , in form ation  not a v a ila b le ; 1 , found only in  m ales; 2 , found in  la rg e  numbers in  f ie ld s ;  3, two types of a ty p ic a l S B S (b)'s; 4, SBS(b)'s w ith a double ring  s t ru c tu re ;  5 f SB S(a)'s in  deep p i t s  and in  f i e ld s ;  6 , f l a t  SBS(b)s with much reduced projections.
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Fig 3.5. Smooth basiconic sensillum (type B)of A c r o t a p h u s  t i b i a l i s .  
X 660.

Fig 3.6. Tip of apical segment of antenna of T heron ia  l u n d a  showing 
projections. X 1 050.
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A nother p a r t i c u l a r l y  n o tew o rthy  f e a tu r e  of some of th e  s tu d y  OTUs 
i s  th e  s t r u c tu r e  of th e  most d i s t a l  a n te n n a l segm ent. In  v a r io u s  tax a  
th e re  a re  la r g e  p r o je c t io n s  a r i s i n g  from th e  a n te n n a l t i p  which seem 
to  be o u tg ro w th s  o f th e  a n te n n a l  s u r f a c e  r a t h e r  th a n  c o n v e n t io n a l  
s e n s i l l a .  B eh in d , and r in g in g  th e s e  p r o j e c t i o n s  a r e  b lu n t- h e a d e d  
n o n - f lu te d  b a s ic o n ic s  ( f i g s  3 .6  -  3 . 9 ) .  C h a r a c t e r  4 0 .  E nd o f  
a n te n n a e  w i th  p r o j e c t i o n s  a r i s i n g  a s  an o u tg r o w th  fro m  th e  a n te n n a l  
s u r f a c e  ( 1 ) ;  No su c h  p r o j e c t i o n s  (0 ) .

The genera  t r a d i t i o n a l l y  grouped in  th e  t r i b e  Poemeiflini have th e  
most v a r ie d  a n te n n a l s t r u c tu r e s  among th e  s tu d y  OTUs. D e u te r o x o id e s  
and P o d o s c h i s t u s  b o th  have  a n te n n a e  w ith  a v e ry  s h o r t  p e n u l t im a te  
d i s t a l  segment ( f ig  3 .1 1 ) .  N e o x o r id e s  sh a re s  t h i s  c h a ra c te r  s t a t e  
b u t h as a v e ry  d i s t i n c t  s t r u c t u r e  to  th e  l a s t  few seg m en ts  o f th e  
a n te n n a  ( f i g  3 .1 0 ) .  C h a r a c t e r  4 1 .  P e n u l t i m a t e  s e g m e n t  o f  th e  
a n t e n n a  l e s s  t h a n  0 . 5  t h e  l e n g t h  o f  t h e  f i n a l  s e g m e n t  ( 1 ) ;  
p e n u l t i m a t e  s e g m e n t g r e a t e r  th a n  0 . 5  th e  l e n g th  o f  th e  f i n a l  s e g m e n t  
( 0 ) .

3.3 Thorax

3 .3 .1 .  In t ro d u c tio n

The th o ra c ic  te rm in o lo g y  used  h e re  comes from Gibson (1985), R ich ard s 
(1977) and Gauld & B olton  (1988).

3 .3 .2 .  The p ro th o ra x

Three c o n d it io n s  o f th e  d o r s a l  p a r t  o f th e  pronotum a re  found in  
p im p lin e s . The f i r s t  i s  a p o s t e r i o r ly  d ipped  c o l l a r ,  where th e re  i s  
a d ip  j u s t  a n t e r i o r  to  th e  mesoscutum which r i s e s  to  run  f l a t  a lo n g  
th e  d o r s a l  p a r t  o f th e  p rono tum  and end s in  a c o l l a r  w hich  may be 
re f le x e d  p o s t e r i o r ly  to  form a l i p  o r u n re f le x e d  ( f ig  3 .1 3 ) .  T h is 
c o n d it io n  i s  found in  a m o d ified  form in  most a c a e n i t in e s ,  ex cep t in  
C o l e o c e n t r u s  w hich  h as  a v e ry  s i m i l a r  p r o n o ta l  s t r u c t u r e  to  t h a t
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Fig 3.

Fig 3.

7. Tip of apical segment of antenna of P iw pla  h y p o c h o n d r i a c a  
showing projections. X 1 020.

8 . High magnification view of Pimpla  h y p o c h o n d n c a antennal 
projections. X 2 600.
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Fig 3.9. Tip of apical antennal segment of I t o p l e c t i s  m a c u l a t o r  
\ showing projections. X 1 070.

Fig 3.10. Penultimate apical segment of antenna of N e o x o r i d e s  
c o l l a n s .  X 800.
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d e s c r i b e d  h e r e .  P r e s e n c e  o f  t h i s  s t r u c t u r e  i s  t h e r e f o r e  
p l e s i o m o r p h i c . C h a r a c t e r  4 2 .  P r o n o t u m  p o s t e r i o r l y  d i p p e d , w i t h  a 
weak t o  s t r o n g  a n t e r i o r  c o l l a r  ( 0 ) ;  p r o n o t u m  n o t  l i k e  t h i s  (1 )

A v a r i a n t  of the  p o s t e r i o r l y  d ipped  c o l l a r  occu rs  i n  a few t a x a .  
The dip  occu rs  immedia te ly  a t  the  m esoscu ta l  edge so t h a t  the  c o l l a r  
i t s e l f  i s  c l o s e l y  a d ja c e n t  to  t h e  mesoscutum. This c h a r a c t e r  s t a t e  
i s  apomorphic.  C h a r a c t e r  4 3 .  P ro n o tu m  d o r s a l l y  v e r y  s h o r t r c o l l a r , 
i f  p r e s e n t , c l o s e  t o  t h e  a n t e r i o r  e d g e  o f  t h e  m e s o s c u t u m  ( 1 ) ;  
p r o n o t u m  d o r s a l l y  n o t  s h o r t ,  c o l l a r ,  i f  p r e s e n t ,  n o t  c l o s e  t o  t h e  
m e s o s c u tu m  ( 0 ) .

I n  t h e  s e c o n d  c o n d i t i o n  o f  t h e  p r o n o tu m  t h e  a r e a  b e t w e e n  
mesoscutum and c o l l a r  i s  f l a t ,  fo rm in g  a wide banded  c o l l a r .  T h is  
o c c u r s  o n ly  i n  t h e  genus D i a c r i t u s  and so  i s  n o t  p h y l o g e n e t i c a l l y  
i n f o r m a t iv e .

The t h i r d  c o n d i t i o n  i s  r e f e r r e d  to  h e r e  as the  a n t e r i o r l y  d ipped  
c o l l a r ;  w h e re  t h e  a r e a  b e t w e e n  t h e  m e s o s c u tu m  and  p r o n o tu m  i s  
undipped but  t h e r e  i s  d ip  a t  t h e  a n t e r i o r  of the  pronotum which o f t e n  
forms a wide f l a n g e ,  o f t e n  p e r f o r a t e ,  o v e r  t h e  neck  r e g i o n  ( f i g  
3 .1 4 ) .  No outg roup  taxon has t h i s  c h a r a c t e r  s t a t e .  C h a r a c t e r s  4 4 . 1 ,
4 4 . 2 .  P r o n o t u m  d o r s a l l y  f o r m i n g  a p r o n o u n c e d  c o l l a r  w h i c h  d r o p s  
i m m e d i a t e l y  i n t o  a d e e p  g r o o v e  -  c o l l a r  p e r f o r a t e  ( 1 , 1 ) ;  p r o n o t u m  
d o r s a l l y  f o r m i n g  a p r o n o u n c e d  c o l l a r  w h ic h  d r o p s  i m m e d i a t e l y  i n t o  a 
s h a l l o w  g r o o v e  ( 1 , 0 ) ;  p r o n o t u m  n o t  d r o p p i n g  i m m e d i a t e l y  b e h i n d  
c o l l a r ,  o r  n o  c o l l a r  p r e s e n t (0,0).

In  a d d i t i o n  t o  t h e s e  d o r s a l  f e a t u r e s  o f  t h e  p ronotum some OTU's 
have t h e  low er  p a r t  o f  t h e  epomia s h a r p  and on a r i d g e  which r u n s  
p a r a l l e l  t o  t h e  v e n t r a l  m arg in  o f  t h e  p rono tum ( f i g  3 . 1 2 ) .  T h i s  
r i d g e  i s  c l e a r l y  v i s i b l e  on e i t h e r  s i d e  of  the  mesoscutum lo o k in g  on 
to  the  d o r s a l  s u r f a c e  of the  t h o r a x .  This c h a r a c t e r  i s  not  p r e s e n t  
i n  any of the  ou tg roup  t a x a ,  where th e  epomia,  when p r e s e n t ,  runs  up 
th e  pronotum a t  an a n g l e  t o  i t s  v e n t r a l  s u r f a c e .  C h a r a c t e r  4 5 .  
Epomia s t r o n g  b a s a l l y  an d on a r i d g e  t h a t  r u n s  p a r a l l e l  t o  t h e  l o w e r  
m a r g i n  o f  t h e  p r o n o t u m  ( 1 ) ;  e p o m ia  n o t  l i k e  t h i s  ( 0 ) .

74



Fig 3.11. Apical segments of antenna of P o d o s c h i s t u s  s c u t e l l a r i s .  
X 300.

Fig 3.12. Pronotum of N e o x o r i d e s  c o l l a r i s . White arrow points to 
raised epomia. X 60.
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Fig 3.13. Posteriorly dipping pronotum and pronotal collar of 
A f r e p h i a l t e s  c i c a t n c o s a .  X 250.

Fig 3.14. Anteriorly dipping pronotum and pronotal collar of 
E p i r h y s s a  f l a v o p i c t u m . X 150.
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3 . 3 . 3 .  The meso thorax

The m e s o th o ra x  c o n s i s t s ,  d o r s a l l y ,  of  a two f l a t  s l i g h t l y  rounded  
s t r u c t u r e s  the  s c u te l lu m  and the  mesoscutum. The mesoscutum u s u a l l y  
ends a n t e r i o r l y  i n  a median m eso scu ta l  lobe  bounded on both  s i d e s  by 
the  n o t a u l i  which converge p o s t e r i o r l y .  The n o t a u l i  a r e  p r i m i t i v e l y  
t h e  s i t e  o f  p h r a g m a t a  a n d  m a rk  t h e  s e p a r a t i o n  o f  t h e  
d o r s o l o n g i t u d i n a l  and d o r s o v e n t r a l  i n d i r e c t  f l i g h t  muscles (Gibson,  
1985) . In  o u t g r o u p s  t h e  n o t a u l i  a r e  v a r i a b l y  p r e s e n t  and seem, 
th roughout  the  Ichneumonoidea to  have been l o s t  in  many l i n e s .  For 
example,  w i th in  the  presumably  h o l o p h y l e t i c  l ab en in e  genus C e r t o n o t u s  
t h e r e  a re  s p e c i e s  w i th  very  s t r o n g  through  weak and even v e s t i g i a l  
n o t a u l i .  Wi th in  th e  p im pl ine s  t h i s  i s  a l s o  t r u e ,  w i th  a l l  s t a t e s  of 
t h i s  c h a r a c t e r  be ing  found in  most g roups .  This c h a r a c t e r  forms p a r t  
of t h e  Townes d a t a  s e t  ( s ee  s e c t i o n  2 . 4 . 3 ) .  The p r e s e n c e  of  t h e  
median m esoscu ta l  lobe  i s  i n t i m a t e l y  connec ted  with  t h i s  c h a r a c t e r  as 
the  lobe  i s  d e l i n e a t e d  by the  c a r i n a e  o r  s u l c i  of the  n o t a u l i .  This 
makes i t  a c o r r e l a t e d  c h a r a c t e r  and i t  i s  of l i t t l e  p h y l o g e n e t i c  
s i g n i f i c a n c e .

T r a n s v e r s e  m e s o s c u t a l  r i d g e s  can be found  i n  many n o n - p i m p l i n e  
groups ( l a b e n in e s ,  a u l a c i d s ,  i b a l i i d s ) . Within the  s tu d y  OTUs, they  
a re  found i n  a l l  t h e  r h y s s i n e s  and the  genus P s e u d o r h y s s a .  They a r e  
almost  d e f i n i t e l y  not  homologous.  No t r a c e  of p a r a p s i d a l  l i n e s  can 
be seen in  r h y s s i n e s  whi le  i n  P s e u d o r h y s s a  two p u n c t a t e  l i n e s  a r i s e  
from t h e  l a t e r a l  p o r t i o n s  o f  t h e  a n t e r i o r  of  t h e  mesoscutum and 
c o n t i n u e  t o  t h e  p o s t e r i o r  p o r t i o n  p a r a l l e l  to  each  o t h e r .  They 
t h e r e  mark the  boundary of t h e  r i d g e d  a re a  ( f ig  3.17) and a r e  t hus  
u n l i k e  t h e  r h y s s i n e  c o n d i t i o n  ( f i g  3 . 1 8 ) .  R e v i s e d  c h a r a c t e r  1 0 .  
M e s o s c u t a l  r i d g e s  c l e a r l y  p r e s e n t  on d o r s a l  p a r t  o f  m e s o s c u t u m  b u t  
n e v e r  w i t h  a p a i r  o f  p u n c t a t e  g r o o v e s  r u n n i n g  a n t e r i o - p o s t e r i o r l y  
c l o s e  t o  t h e  s i d e  o f  t h e  m e s o s c u t u m  ( 1 ) ;  r i d g e s  a b s e n t , o n l y  f a i n t l y  
o r  i n c o m p l e t e l y  p r e s e n t ,  o r  w i t h  a p a i r  o f  p u n c t a t e  g r o o v e s  (0)

Running fo rward  from the  p o s t e r i o r  end of the  mesoscutum as a p a i r  
of l i n e s ,  s u l c i  o r  c a r i n a e ,  a r e  t h e  p a r a p s i d a l  l i n e s .  These a r e  t h e
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Fig 3 .15 .  Raised p a r a s c u t a l  c a r i n a  of P i m p l a  h y p o c h o n d r i a c a .  Arrow 
shows p o s i t i o n  of c a r i n a .

Fig 3 .16 .  Propodeum of N e o x o r i d e s  c o l l a r i s , showing bowed p a t t e r n  of 
the  p o s t e r i o r  t r a n s v e r s e  c a r i n a .  X 70.
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Fig 3.17. (a) Dorsal view of mesoscutum of P s e u d o r h y s s a  s t e r n a t a .
X 50. (b) Higher magnification view of mesoscutum showing 
punctate line. X 200.

A B

Fig 3.18. (a) Dorsal view of mesoscutum of Rhyssa p e r s u a s o n a . X 50.
(b) Higher magnification view of mesoscutum showing absence 
of punctate line. X 200.
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remnants  of t h e  a t t a c h m e n t  of t h e  d o r s o v e n t r a l  i n d i r e c t  f l i g h t  
musc les  i n  t h e  pupa  (G ibson ,  1985) . In  the  Ich neu m o no idea  as a 
whole,  they  occur uncommonly. They a r e  not  p r e s e n t  i n  the  b racon id  
s u b f a m i l i e s ,  t h e  S p a t h i i n a e  and t h e  B r a c o n i n a e ,  which  o f t e n  show 
o t h e r w i s e  r e l a t i v e l y  u n d e r i v e d  t h o r a c i c  f e a t u r e s .  I n  t h e  
Ichneumonidae they  a r e  very  r a r e l y  p r e s e n t ,  perhaps be ing  v i s i b l e  as 
f a i n t  l i n e s  i n  v a r i o u s  X o r i d i n e s  ( such  as v a r i o u s  s p e c i e s  i n  t h e  
genus X o r i d e s ) . The on ly  subfam ily  where they occur o bv iou s ly  and
c o n s i s t e n t l y  i s  t h e  L a b e n in a e ,  where p a r a p s i d a l  l i n e s  a r e  c l e a r l y  
marked on the  mesoscutum in  many g en e ra .  Within th e  p im p l in e s ,  only  
P s e u d o r h y s s a  shows any s i g n  of  p o s s e s s i n g  t h e s e  f e a t u r e s .  Here ,  
t h e r e  i s  a p u n c t a t e  a r e a  bound ing  t h e  m e s o s c u t a l  r i d g e s  l a t e r a l l y  
which may i n d i c a t e  t h e  p o s i t i o n  of the  p a r a p s i d a l  l i n e s .  I t s  absence  
i s  c l e a r l y  apomorphic .  As only  one taxon  i n  the  s tud y  OTUs shows the  
p le s iom orph ic  c o n d i t i o n ,  which i s  r a r e  th roughout  t h e  Ichneumonidae 
i n  any ca se ,  t h i s  c h a r a c t e r  i s  of  no p h y lo g e n e t i c  s i g n i f i c a n c e .

A c a r i n a  o r  s u t u r e  ru n s  l a t e r a l l y  a c r o s s  t h e  mesoscutum ( t h e  
t r a n s s c u t a l  a r t i c u l a t i o n )  in  s e v e r a l  s aw f ly  g roups .  The t r a n s s c u t a l  
a r t i c u l a t i o n  i s  u s u a l l y  p r e s e n t  on t h e  s i d e  of  t h e  mesoscutum i n  
i c h n e u m o n id s , b u t  i n  v e r y  few g e n e r a  of  p i m p l i n e s  does  t h e  s u t u r e  
e x te n d  f u r t h e r  t h a n  t h e  j u n c t i o n  of  t h e  t h r e e  a x i l l a - a s s o c i a t e d  
c a r i n a  ( s ee  below) and on t o  t h e  t o p  of  t h e  mesoscu tum .  I t  i s  
f a i n t l y  p r e s e n t  l a t e r a l l y  i n  A f r e p h i a l t e s , and q u i t e  s t r o n g  i n  
D r e i s b a c h i a  and P s e u d o r h y s s a .  I t s  l o s s  seems to  be apomorphic w i t h i n  
t h e  I c h n e u m o n o i d e a .  The X o r i d i n a e  a r e  p o s s i b l y  t h e  o n l y  
ichneum onids  where  most  s p e c i e s  have  t h e  t r a n s s c u t a l  a r t i c u l a t i o n  
p r e s e n t  l a t e r a l l y  and m e d ia l ly ,  a t  t im es  forming a complete  c a r i n a  
running  a c ro s s  t h e  mesoscutum, a l th ou g h  t h e  Anomaloninae c l e a r l y  have 
t h i s  f e a t u r e  s e c o n d a r i l y  (Gauld, 1976) . Other ichneumonids seem to  
have i t  p r e s e n t  o n l y  l a t e r a l l y  o r ,  most  commonly, i t  i s  e n t i r e l y  
a b s en t .  In  o t h e r  p r i m i t i v e  p a r a s i t i c a  groups a complete  t r a n s s c u t a l  
a r t i c u l a t i o n  i s ,  w i th  a few e x c e p t i o n s ,  always p r e s e n t  (Evanio idea ;  
S t e p h a n o i d e a ;  M e g a l y r i d a e ) . When p r e s e n t  i n  i ch n eu m o n id s  i t  i s  
always found c lo s e  to  t h e  s c u te l lu m .  as i t  i s  i n  E v a n i id s  -  i n  o th e r  
g roups  i t  i s  u s u a l l y  d i s t a n t  from t h e  s c u t e l l u m .  C h a r a c t e r  4 6 .  
T r a n s s c u t a l  a r t i c u l a t i o n  p r e s e n t  a s  a s h o r t  l a t e r a l  c a r i n a  r e a c h i n g
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up o n t o  t h e  d o r s a l  p a r t  o f  t h e  m e s o s c u t u m  ( 0 ) ;  t r a n s s c u t a l  
a r t i c u l a t i o n  e i t h e r  p r e s e n t  o n l y  a s  a s t u b ,  n o t  r e a c h i n g  up o n t o  t h e  
d o r s a l  p a r t  o f  t h e  m e s o s c u t u m ,  o r  n o t  p r e s e n t  ( 1 ) .

The t r a n s s c u t a l  a r t i c u l a t i o n  j o i n s  l a t e r a l l y  w i th  two o t h e r  
c a r i n a e ;  one running  a long  the  l a t e r a l  edge of the  mesoscutum ( the  
p a r a s c u t a l  c a r in a )  and the  o th e r  d e l i m i t i n g  the  a x i l l a r  s u r f a c e s  (see 
below) ( the  a x i l l a r  c a r i n a  s e n s u  G ib s o n ) . In n e a r l y  a l l  p im pl ines  
t h e  t r a n s s c u t a l  a r t i c u l a t i o n  ru n s  up t o  t h e  p a r a s c u t a l  c a r i n a  so 
t h a t  t h e r e  i s  an e q u a l  a n g l e  be tw een  each  of t h e  t h r e e  c a r i n a e .  
Comparing t h i s  with  th e  ou tg roups  i t  seems l i k e l y  t h a t  t h i s  i s  the  
p r i m i t i v e  c o n d i t i o n .  X o r i d i n e s  seems t o  have t h e  l e a s t  d e r i v e d  
m e so tho rax  amongst  i ch n eu m o n o id s  and t h e y  have t h e  c h a r a c t e r  as 
above.  S p a th i i n e  b ra co n id s  a l s o  p o s s e s s  equal  angled  j u n c t i o n s .  The 
v a r i a t i o n s  from t h i s  c o n d i t i o n  a re  l i s t e d  below.

The a x i l l a r  c a r i n a  i s  o f t e n  r a i s e d  i n t o  a c r e s t  o r  r i d g e  i n  t h e  
s tud y  OTUs. As the  ou tg roups  o f t e n  have the  a x i l l a r  c a r i n a  r a i s e d  as 
a r i d g e  i t s  a b s en c e  i s  ap o m o rp h ic .  C h a r a c t e r  47.  A x i l l a r  c a r i n a  
p r e s e n t  a s  a s t r o n g  r i d g e  l i k e  s t r u c t u r e  ( 0 ) ;  a x i l l a r  c a r i n a  p r e s e n t  
a s  r a i s e d  o r  p u n c t a t e  l i n e  ( 1 ) .

In  s e v e r a l  OTU's t h e  a x i l l a r  c a r i n a  i s  o b s o l e s c e n t  tow ard  t h e  
j u n c t i o n  and above the  j u n c t i o n  the  p a r a s c u t a l  c a r i n a  forms a c r e s t  
( f i g  3 .1 5 ) .  This  i s  t h e  apomorphic s t a t e .  C h a r a c t e r  4 8 .  P a r a s c u t a l  
c a r i n a  f o r m e d  i n t o  a c r e s t  ( 1 ) ;  p a r a s c u t a l  c a r i n a  n o t  f o r m e d  i n t o  a 
c r e s t  (0)

In  P o d o s c h i s t u s  t h e  a x i l l a r  c a r i n a  m ee ts  t h e  p a r a s c u t a l  c a r i n a  
above the  j u n c t i o n  of  p a r a s c u t a l  c a r i n a  and t r a n s s c u t a l  a r t i c u l a t i o n .  
This i s  the  case  a l s o  i n  L y t a r m e s  and E p i r h y s s a  where th e  a x i l l a r  
c a r i n a  i s  ve ry  weak. This i s  t h e  apomorphic s t a t e .  C h a r a c t e r  4 9 .  
A x i l l a r  c a r i n a  a s  a b o v e  ( 1 ) ;  a x i l l a r  c a r i n a  m e e t s  t h e  p a r a s c u t a l  
c a r i n a  a t  t h e  j u n c t i o n  o f  t h e  p a r a s c u t a l  c a r i n a  a n d  t r a n s s c u t a l  
a r t i c u l a t i o n  ( 0 ) .

The a x i l l a r  c a r i n a  d e l i n e a t e s  two s u r f a c e s  t h a t  make up t h e  a x i l l a
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( the  d o r s a l  a x i l l a r  s u r f a c e  and the  l a t e r a l  a x i l l a r  s u r f a c e ) . The 
a x i l l a  i s  bounded  a n t e r i o r l y  by t h e  t r a n s s c u t a l  a r t i c u l a t i o n ,  and 
p o s t e r i o r l y  by th e  s c u t e l l u m .  In  most Ichneumonoidea i t  c o n s i s t s  of 
t h e  two s u r f a c e s  a t  r o u g h l y  r i g h t  a n g l e s  to  each  o t h e r  w i th  t h e  
a x i l l a r  c a r i n a  forming  the  immovable "h inge" .  This i s  the  s t a t e  in  
x o r id i n e s  and d o r y c t i i n e  b r a c o n id s ,  and o th e r  p r i m i t i v e  a p o c r i t a n s .  
Amongst p im pl ine s  t h e  s u r f a c e s  a r e  sometimes a t  g r e a t e r  ang les  than  
t h i s ,  and sometimes they  form an a lmost  f l a t  p l a t e  ( T h e r o n i a ) w ith  a 
v e r y  weak a x i l l a r  c a r i n a .  In  L y t a r m e s  and E p i r h y s s a  t h e  a x i l l a r  
p l a t e  p r o t r u d e s  a b o v e  t h e  m e s o s c u tu m  t o  fo rm  a r i d g e  on t h e  
p a r a s c u t a l  c a r i n a .  T h i s  a l s o  o c c u r s  i n  t h e  o u t g r o u p  g e n u s  
C e r t o n o t u s .  In  t h i s  c a s e ,  though,  the  p l a t e  i s  w i tho u t  a c a r i n a ,  and 
i s  much longer  and b ro ad e r  runn ing  c o n t ig u o u s ly  down to  the  fo rewing  
b as e .  C h a r a c t e r  5 0 .  A x i l l a r y  s u r f a c e s  c o n t i g u o u s  f o r m i n g  an a n g l e  
o f  l e s s  th an  4 0 °  w i t h  r e s p e c t  t o  e a c h  o t h e r  ( 1 ) ;  a x i l l a r y  s u r f a c e s  
f o r m i n g  an a n g l e  o f  g r e a t e r  th an  4 0 °  w i t h  r e s p e c t  t o  e a c h  o t h e r  ( 0 ) .

3 . 3 . 4 .  T horac ic  m u sc u la tu re

Thorac ic  m uscu la tu re  i s  c o n s e r v a t i v e  th roughout  the  Ichneumonoidea.  
Within the  p im p l ine s  and r h y s s i n e s  t h e r e  i s  very  l i t t l e  v a r i a t i o n  i n  
t h e  o n ly  s t r u c t u r e  t h e y  p o s s e s s  which might  be of  p h y l o g e n e t i c  
s i g n i f i c a n c e  (Gibson,  1985) -  the  m e s o t r o c h a n t e r a l  d e p r e s s o r ,  which 
i s  the  muscle o r i g i n a t i n g  from th e  p o s t e r i o r  p a r t  of  the  mesoscutum 
and r u n n i n g  down t o  t h e  m e s o t r o c h a n t e r .  I t  c o n s i s t s  
p l e s i o m o r p h i c a l l y , i n  n o n - t e n t h r e d i n o i d  s a w f l i e s ,  o f  two e l e m e n t s  
( t h e  m e s o t e r g a l - t r o c h a n t e r a l  d e p r e s s o r  a n d  t h e  m e s o f u r c a l -  
t r o c h a n t e r a l  d e p r e s s o r ) . In  ichneumonoids i t  c o n s i s t s  only  of the  
m e s o f u r e a l  e l e m e n t ,  which  i s  t h e  c o n d i t i o n  found  i n  a l l  p i m p l i n e s  
s t u d i e d .  The s t u d y  OTUs show no v a r ia t io n ~ ~ a n d  t h i s  c h a r a c t e r  i s  
t h e r e f o r e  of no use  i n  p h y lo g e n e t i c  r e c o n s t r u c t i o n .
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3 . 3 . 5 .  Wings

Fore  and h in d - w in g  v e i n a t i o n  i s  s i m i l a r  i n  most  g roups  which have  
been s t u d i e d .  The shape of the  c e l l  i n  the  forewing  bounded by v e in s  
2rs-m, 2 r - r s ,  M and 3rs-m ( the  a r e o l e t )  appears  to  be very  d i f f e r e n t  
i n  some groups of p im pl ines  than  o t h e r s .  However, t h i s  s t r u c t u r e  of 
the  a r e o l e t  i s  r e l a t e d  to  a g e n e r a l  p a t t e r n  of r e d u c t io n  i n  the  v e in  
3rs-m, which seems p l e s i o m o r p h i c a l l y  to  i n t e r c e p t  2 r - r s  (or Rs) ( f i g  
3 .19)  and d u r i n g  e v o l u t i o n a r y  h i s t o r y  seems t o  have , i n  s e v e r a l  
independent  l i n e s ,  tended  to  move down onto  2rs-m ( f i g  3.20) b e f o r e  
d i s a p p e a r i n g  a l t o g e t h e r  ( f i g  3 . 2 1 ) .  As t h e  same e v o l u t i o n a r y  
s e q u e n c e  h a s  o c c u r e d  i n  s e v e r a l  l i n e s  o u t s i d e  t h e  P i m p l i n a e  
(R ichards ,  1977; Gauld & Bo l ton ,  1988) i t  does not  seem to  be a good 
p hy log ene t ic  c h a r a c t e r  a t  t h i s  l e v e l .  This i s  borne out  by the  h igh  
l e v e l  of homoplasy in  c h a r a c t e r  20 of  the  Townes d a t a  s e t .

In n e a r l y  a l l  p im pl ines  t h e r e  a r e  two fo ld s  in  the  fo rewing t h a t  
l e a d  to  the  p re sence  of two f e n e s t r a e  (or b u l l a e )  i n  ve in  2m-cu. In  
a few genera ,  however,  the  f o l d s  converge to  g ive  the  appearance  of 
t h e r e  b e in g  o n l y  one f e n e s t r a  i n  t h e  v e i n .  The p r e s e n c e  of  two 
f e n e s t r a e  i s  u n i v e r s a l  amongst  t h e  o u t g r o u p s ,  i n d i c a t i n g  t h a t  t h e  
p resence  of one f e n e s t r a  i s  apomorphic.  C h a r a c t e r  5 1 .  One f e n e s t r a  
i n  v e i n  2m-cu o f  t h e  f o r e w i n g ’ ( 0 ) ;  two f e n e s t r a e  i n  v e i n  2m -cu  o f  t h e  
f o r e  w in g  (1)

The number of hamuli in  the  h ind-wing  i s  very  v a r i a b l e  w i th in  the  
p im p l ine s .  R ichards  (1949) shows t h a t  t h e r e  i s  a c o r r e l a t i o n  between 
hamuli  number and body s i z e  in  a c u l e a t e s .  C l e a r l y  t h i s  c h a r a c t e r  i s  
s i z e - r e l a t e d  and t h e r e f o r e  of  no p h y lo g e n e t i c  s i g n i f i c a n c e .

3.3.6. Legs

The t a r s a l  claw too th  c h a r a c t e r  as d e s c r ib e d  in  c h a p te r  1 seems to  be 
an e x p r e s s i o n  o f  an a n a l a g o u s  and  n o t  h om olog o us  s t a t e  i n  t h e  
p im p l in e  and p o em en i in e  g r o u p s .  In  p o e m e n i in e s  i t  fo rms a c l e a r l y  
square  p e g - l i k e  s t r u c t u r e ,  w h i le  i n  p im pl ine s  the  t o o th  i s  a l a r g e
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Fig 3.19. Forewing of D o l ic h o m i tu s  im p e r a to r . Arrow shows 
position of vein 3rs-m.

Fig 3.20. Forewing of R h y s s e l l a  a p p r o x im a to r . Arrow shows 
position of vein 3rs-m.

Fig 3.21. Forewing of E p ir h y s s a  f l a v o p i c t u m . Note lack of 
vein 3rs-m.
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rounded s t r u c t u r e .  R e v i s e d  c h a r a c t e r s  1 8 . 1  and 1 8 . 2 .  F em a le  t a r s a l  
c l a w  w i t h  r o u n d e d  t o o t h  ( 1 , 0 ) ;  f e m a l e  t a r s a l  c l a w  w i t h  p e g - l i k e  t o o t h  
( 0 , 1 ) .

3.4. Abdomen

3 . 4 . 1 .  P ropodea l  c a r i n a t i o n

As noted  in  c h a p te r  2, p ro podea l  c a r i n a t i o n  tends to  be reduced  over 
e v o l u t i o n a r y  t im e  a c r o s s  a l l  t h e  Hymenoptera .  T h is  l e a d s  t o  t h e  
r e c o g n i t i o n  of r a t h e r  hom op las t i c  r e d u c t i o n  c h a r a c t e r s  excep t  when 
the  p a t t e r n  of  c a r i n a t i o n  can c l e a r l y  be seen  to  be d e r iv e d  from some 
unique confo rm at ion .  One such case  seems to  be the  r e t e n t i o n  of the  
p o s t e r i o r  t r a n s v e r s e  c a r i n a  in  c e r t a i n  p im pl ine  gene ra  ( f i g  3 .1 6 ) .  
No c l o s e l y  r e l a t e d  t a x o n  seems t o  show t h i s  p a r t i c u l a r  p a t t e r n  of 
p ro podea l  c a r i n a t i o n .  C h a r a c t e r  5 2 .  T r a n s v e r s e  p o s t e r i o r  c a r i n a  o f  
p ro p o d e u m  s t r o n g ,  w h i l e  t h e  r e s t  o f  t h e  p r o p o d e u m  i s  u n a r e o l a t e d  ( 1 ) ;  
t r a n s v e r s e  c a r i n a  w e a k , o r  s t r o n g  h u t  w i t h  a s t r o n g l y  a r e o l a t e d  
p ro p o d e u m  ( 0 ) .

3 . 4 . 2 .  Attachment of g a s t e r  t o  propodeum

In a l l  t h e  s t u d y  OTUs t h i s  i s  f a i r l y  low down and by means of  a 
s t u r d y  n o n - c y l i n d r i c a l  f u s e d  o r  u n f u s e d  t e r g i t e  and s t e r n i t e  1. 
Other groups sha re  t h i s  type  of a t t a c h m en t ,  i n c l u d i n g  a c a e n i t i n e s ,  
o x y t o r i n e s ,  and o r t h o c e n t r i n e s . This i s  undoubted ly  a p le s iom orph ic  
c h a r a c t e r  s t a t e  and of no i n f o r m a t io n  c o n ten t  as a l l  p im p l ine s  have 
i t .

3.*3(G a s t r a l  t e r g i t e s

The j u n c t i o n  between t e r g i t e  1 and t e r g i t e  2 i s  ve ry  c h a r a c t e r i s t i c  
i n  v a r io u s  l a r g e  p im p l in e s ,  e s p e c i a l l y  D o l i c h o m i t u s  and P s e u d o r h y s s a  
forming a h inge  l i k e - s t r u c t u r e  However, t h i s  c h a r a c t e r  i s  ve ry  common
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amongst t h e  Ichneumonoidea, e s p e c i a l l y  in  the  l a r g e  w ood-as soc ia ted  
t a x a  ( d o r y c t i n e s ,  some l a b e n i n e s ,  some a c a e n i t i n e s )  a n d  i s  
undoubted ly  p le s io m orph ic .

T e r g i t e  9 i s  e x t e n d e d  some d i s t a n c e  beyond t h e  i n s e r t i o n  of  t h e  
o v i p o s i t o r  i n  s e v e r a l  of the  s t u d i e d  t a x a .  In some groups where t h i s  
occu rs  t h e  t e r g i t e  ends in  a horn and i s  u s u a l l y  d o r s a l l y  d i s t i n c t l y  
b i p a r t i t e  ( f i g  3.22) and in  o th e r s  t h e r e  i s  no segm enta t ion  and no 
horn ( f i g  3 .2 3 ) .  I t  i s  c l e a r  t h a t  t h e s e  s t a t e s  a re  not  homologous 
b u t  o u t g r o u p  com par i so n  shows b o th  s t a t e s  to  be a p o m o rp h ic .  T h is  
r e q u i r e s  t h e  Townes s e t  c h a r a c t e r  30 t o  be r e d e f i n e d .  R e v i s e d  
c h a r a c t e r  1 $ .  T e r m i t e  9 e x t e n d e d  a p i c a l l y ,  f o r m i n g  on e  c o n t i n u o u s  
s t r u c t u r e  ( 1 ) ;  t e r g i t e  9 e x t e n d e d  a p i c a l l y  and s p l i t  i n t o  tw o  p a r t s , 
w i t h  an a p i c a l  h o r n  o r  b o s s  o r  n o t  e x t e n d e d  a p i c a l l y  ( 0 , 0 ) .

3 . 5 .  O v i p o s i t o r  c o m p l e x

3 . 5 . 1 .  T e r g i t e  9

In  ichneumonids t e r g i t e  9 i s  covered a lm os t  com ple te ly  p o s t e r i o r l y  by 
t h e  p r e c e d i n g  t e r g i t e s ,  and i s  much r e d u c e d  and o n l y  l i g h t l y  
s c l e r o t i s e d .  T e r g i t e  9 p r o b a b l y  moves g o n o c o x i t e  8 r a t h e r  t h a n  
a c t i n g  a s  an im m ovab le  b a s e ,  a s  i s  t h e  c a s e  i n  t h e  o v i p o s i t o r  
complexes of more p r i m i t i v e  Symphyta. One s e t  of muscles a t t a c h  to  
the  gonopophysis  9 hook,  which i s  fu sed  t o  form a s i n g l e  s t r u c t u r e .  
T e r g i t e  9 i s  s p l i t  i n t o  two excep t  a t  the  p o s t e r i o r  end. T e r g i t e  10 
and t e r g i t e  11 a r e  u s u a l l y  much r e d u c e d  o r  a b s e n t  ( S m i t h , 1970;  
Fergusson ,1988) .

I t  i s  u s u a l  f o r  t h e r e  to  be a d i s t i n c t  phragmata on th e  d o r s a l  edge 
of t e r g i t e  9 i n  Ichneum onidae  ( f i g  3 . 2 5 ) .  In  t h e  s t u d y  OTUs t h i s  
t e r g i t e  9 phragmata i s  p r e s e n t  i n  a lm os t  a l l  groups bu t  t h e r e  a r e  
some OTU's where i t  i s  n o t  p r e s e n t .  I t  r e p r e s e n t s  t h e  a t t a c h m e n t  
s i t e  f o r  t h e  l a t e r a l  i n t e r n a l  d o r s a l  m usc le  (Sm i th ,  1969) and i s  
p re sence  and s i z e  i s  p robab ly  dependent  on how r i g i d l y  the  o v i p o s i t o r
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Fig  3 .22 .  P o s t e r i o r  g a s t r a l  t e r g i t e s  of  P s e u d o r h y s s a  a l p e s t r i s ,
arrows p o i n t  to  ex tended  t e r g i t e  9. (From F i t t o n  e t  a l
1988)

F ig  3 .2 3 .  P o s t e r i o r  g a s t r a l  t e r g i t e s  of  R h y s s e l l a  a p p r o x i m a t o r ,
arrows p o i n t  t o  ex tended  t e r g i t e  9. (From F i t t o n  e t  a l ,
1988)
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complex i s  h e ld  d u r ing  o v i p o s i t i o n .  In the  p r e s e n t l y  r e cog n is ed  
t r i b e  P i m p l i n i  and T h e r o n i a  ( " s t a b b e r s " )  i t  i s  a v e r y  l a r g e  and 
ro b us t  s t r u c t u r e ,  whi le  in  the  o th e r  gene ra  i t  i s  o f t e n  smal l  as in  
P s e u d o r h y s s a  o r  o n l y  l i g h t l y  s c l e r o t i s e d  a s  i n  S c a m b u s  and  
E n d r o m o p o d a  (b o th  g ro up s  b e i n g  " p r o b e r s " ) . O u tg roups  u n i v e r s a l l y  
show the  p re sence  of a t e r g i t e  9 phragmata .  C h a r a c t e r  5 3 .  P h ra g m a ta  
o f  t e r g i t e  9 p r e s e n t  ( 0 ) ;  p h r a g m a t a  o f  t e r g i t e  9  a b s e n t  ( 1 ) .

3 . 5 . 2 .  O v ip o s i t o r

The o v i p o s i t o r  i s  o f  v a r y i n g  l e n g t h s  amongst  t h e  p i m p l i n e s  ( s ee  
c h a r a c t e r  32 of the  Townes s e t )  . The end of the  o v i p o s i t o r  may be 
hooked ( i n  A p e c h t h i s  and some X a n t h o p i m p l a ) ;  c o m p le te  w i th  v e r y  
s t ro n g  t e e t h  (as in  most r h y s s i n e s ) ; o r  s i n u a t e  (as i n  H y b o m is c h u s  
and M y l l e n y x i s ) . These c h a r a c t e r s ,  a t  most ,  p ro v ide  autapomorphies 
f o r  s i n g l e  g en e ra .  The o v i p o s i t o r  a l s o  shows a g r e a t  d i f f e r e n c e  in  
t h i c k n e s s ,  be tween  ' s t a b b e r s ' where i t  i s  r e l a t i v e l y  r o b u s t  ( t h e  
P i m p l i n i ) ;  ' d r i l l e r s '  w he re  i t  i s  t h i n n e r  ( t h e  R h y s s i n i ) ; and  
' p r o b e r s '  where  i t  i s  l o n g  and o f t e n  e x t r e m e l y  t h i n  (many o f  t h e  

E p h i a l t i n i  and P s e u d o r h y s s a ) . As t h e s e  v a r i a t i o n s  o f t e n  occur w i t h i n  
a s i n g l e  g e n u s  { X a n t h o p i m p l a , f o r  e x a m p le )  and  i n  no e a s i l y  
p h y l o g e n e t i c a l l y  e x p l i c a b l e  way they  have been r e j e c t e d  as a p o s s i b l e  
source  of c h a r a c t e r s .

3 . 5 . 3 .  Gonos ty lus  9 ( o v i p o s i t o r  sh e a th )

This s t r u c t u r e  covers  the  o v i p o s i t o r  a t  r e s t .  I t  i s  s u p p l i e d ,  i n  the  
p le s iom orph ic  s t a t e ,  with  t h r e e  m usc les :  t h e  d o r s a l  t e r g o g o n o s t y l a r
muscle;  the  l a t e r a l  t e r g o g o n o s t y l a r  musc le ;  and the  g on o co x o s ty la r  
musc le  (S m i th ,  1 9 6 9 ,1 9 7 0 ) .  A l l  t h r e e  m u s c l e s  a r e  p r e s e n t  i n  most  
ichneumonids.

In  p im pl ines  th e  g on ocoxos ty la r  muscle i s  u s u a l l y  i n s e r t e d  i n t o  the  
top  of the  gon o s ty lu s  v i a  a s imple  f l a t  apodeme. The on ly  v a r i a n t  of

c o K e .i - e .t h i s  i s  ( t h e r e  i s  a bu lg ing  out  of  t h e  t o p - s u r f a c e  of the  g o n o s ty lu s
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Fig 3 .24 .  Diagram of o v i p o s i t o r  complex of  E x e r i s t e s  r o b o r a t o r , 
showing phragmata (P) on t e r g i t e  9 (T9).

Fig 3 .25 .  Diagram of Gonostylus 9 (G9: o v i p o s i t o r  sh e a th )  of JPimpla 
h y p o c b o n d r i a c a  showing bulbous  g o n o co x o s ty la r  apodeme 
(BGA) and the  l a r g e  g on o co x os ty la r  muscle (GCM)
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to  form a l a r g e  muscle a t t achm ent  s i t e  ( c a l l e d  h e r e  the  bu lbous  
gonocoxos ty la r  apodeme) D i s t a l  and v e n t r a l  . to  t h i s  apodeme t h e r e  
i s  a c o n s t r i c t e d  a r e a  ( f i g  3 . 2 4 ) .  T h i s  apodeme h a s  a l a r g e  
gonocoxos ty la r  muscle running  i n t o  i t  and s l i g h t l y  d i s t a l  to  i t .  This  
a l l o w s  th e  c h a r a c t e r i s t i c  f l i c k  o f  t h e  g o n o s t y l u s  away from t h e  
o v i p o s i t o r  s e e n  i n  t h e  g r o u p .  In  o t h e r  p i m p l i n e s  w i t h  l o n g  
o v i p o s i t o r s  t h e  apodeme i s  o f t e n  v e r y  s m a l l ,  and t h e  g o n o s t y l u s  
r e l a t i v e l y  immobile. C h a r a c t e r  5 4 .  B u l b o u s  apodem e o f  g o n o s t y l u s  9 
p r e s e n t  o n l y  a s  a s m a l l  c a v i t y  ( 0 ) ;  l a r g e  and f o r m i n g  a p l a t e - l i k e  
s t r u c t u r e  e x t e r n a l l y  f o l l o w e d  b y  a c o n s t r i c t i o n  p o s t e r i o r l y (/).

3.6. Larval structures

The c h a r a c t e r  which has been used as an autapomorphy of the  p im pl ine s  
-  t h e  h y p o s to m a l  s p u r  n e a r l y  m e e t i n g  t h e  s t i p i t a l  s c l e r i t e  i n  t h e  
f i n a l  i n s t a r  l a r v a ,  was d i s c u s s e d  i n  c h a p t e r  2 where i t  was concluded  
t h a t  i t  was a p lesiomorphy ( c f .  Wahl, i n  p r e s s ) .  The on ly  d e p a r t u r e  
from t h i s  s t a t e  seems t o  o c c u r  i n  N e o x o r i d e s  where  t h e  h yp o s to m a l  
spur and s t i p i t a l  s c l e r i t e  a re  fu s e d .  Although t h i s  s t a t e  must be 
apomorphic ,  t h e r e  i s  no t  enough i n f o r m a t i o n  a b o u t  o t h e r  p i m p l i n e  
f i n a l  i n s t a r  l a r v a e  a v a i l a b l e  to  conclude i f  t h i s  i s  an autapomorphy 
of the  genus or  more w ide ly ,  and more p h y l o g e n e t i c a l l y  i n f o r m a t i v e l y ,  
d i s t r i b u t e d .
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3.7. Results

The o v e r a l l  Randomness R a t i o  f o r  t h i s  d a t a  s e t  i s  0 . 6 8 .  T h is  i s  
s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  RR f o r  t h e  Townes d a t a  s e t .  One 
c h a r a c t e r  ( 4 2 )  w h i c h  e n d s  up i n  t h e  c l i q u e s  s h o w s  10 p o l a r  
i n c o m p a t i b i l i t i e s .  However, i t  i s  not  p o l a r  i n c o m p a t ib l e  w i th  any of 
the  o th e r  c h a r a c t e r s  i n  the  f i n a l  c l i q u e .

3 . 7 . 1 .  Cladograms: i n i t i a l  a n a ly s e s

The i n i t i a l  cladogram f o r  t h i s  d a t a  s e t  i s  shown in  f i g  3 .2 6 .  This i s  
the  LEQU cladogram and i t  shows a much c l e a r e r  g roup ing  of the  t a x a  
than  t h o s e  i n  c h a p t e r  2.  Four main ,  and u n c o n n e c t e d  l i n e s ,  can  be 
o b s e r v e d ;  f i r s t ,  t h e  r h y s s i n e s ;  s e c o n d ,  t h e  p o e m e n i n e s  a n d  
P s e u d o r h y s s a ;  t h i r d ,  the  remaining  p im p l in e s ;  and f o u r t h ,  D i a c r i t u s  on 
i t s  own and w i t h  no o b v io u s  c l o s e  r e l a t i v e s .  T h is  seems t o  be a 
r e a s o n a b l e  r e p r e s e n t a t i o n  of  r e l a t i o n s h i p ,  and t h e  t h r e e  g r o u p s ,  
a l t h o u g h  h o l o p h y l e t i c  t h e m s e l v e s  a r e ,  a t  b e s t ,  p a r a p h y l e t i c  i n  
r e l a t i o n  to  one o t h e r .  The O’NOMOD cladogram d i f f e r s  from the  LEQU 
o n ly  i n  t h e  l a s t  c h a r a c t e r  t h a t  i s  r e j e c t e d  from t h e  a n a l y s i s ,  
c h a r a c t e r  3 3 .1 ,  and t h i s  i s  d i s c u s s e d  i n  th e  s e c t i o n  below.  The LEQU 
cladogram i s  p r e s e n t e d  h e r e  as i t  i s  t h e  u n w e ig h t e d  a n a l y s i s  and 
t h e r e f o r e  t h e  more o b j e c t i v e .  Even  w i t h o u t  c o n s i d e r a t i o n s  o f  
homoplasy a number of  new g r o u p in g s  can  be d i s c e r n e d  w i t h i n  t h e  
p impl ines they  a r e  l i s t e d  below.

(b) P s e u d o r h y s s a  i s  p laced  a long w i th  th e  Poemenines in  a c la d e ,  
and t h i s  g ro up ing  i s  suppo r ted  by two c h a r a c t e r s  (45 and 52) . This  
c l a d e  s h a r e s  no s y nap om orph ies  w i th  o t h e r  c l a d e s  p r o d u c e d  by t h e  
a n a l y s i s .

(c) T h e r o n i a  and t h e  P i m p l i n i  a r e  g rouped  t o g e t h e r  i n  a c l a d e  
suppor ted  by two c h a r a c t e r s  (48 and 4 3 ) .
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1 2 *
14 
13
15
31
32
1-11
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22
16 
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20 
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30
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■
■

■
■ 18.2

■ 7 41
11 35 51

■ ■45 52

36
37
38 
35

33

■ ■ -■ ■4 10 29 44.1 ■44.2

39
40
41
42

Key: ■ - apomorphy.
Fig 3.26. LEQU/PROB Cladogram for the pimpline data set.
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( d )  T h e  t r i b e  D e l o m e r i s t i n i  i s  n o t  s u p p o r t e d  b y  t h e  c l a d o g r a m .  I t s  

c o n s t i t u e n t  p a r t s  a r e  s p l i t  b e t w e e n  t h e  ' p o e m e n i n e - g r o u p ' ( ( a )

a b o v e ) , t h e  ' p i m p l i n e - g r o u p ' ( ( b )  a b o v e ) ,  a n d  t h e  ' e p h i a l t i n e - g r o u p '

w h e r e  Delomerista  ( t a x o n  3 2 )  a n d  Perithous  ( t a x o n  3 1 )  a r e  p l a c e d .

( d )  T h e  R h y s s i n i  a r e  c l e a r l y  d e l i n e a t e d  b y  a  n u m b e r  o f  c h a r a c t e r s  

( 4 ,  1 0 ,  2 9 ,  4 4 . 1 ) .  T h i s  c l a d e  s h a r e s  n o  s y n a p o m o r p h i e s  w i t h  o t h e r  

c l a d e s  p r o d u c e d  b y  t h e  a n a l y s i s .

T r e e s  c a n  n o w  b e  c o n s t r u c t e d  f r o m  t h e  c l a d o g r a m  b y  c o n s i d e r a t i o n  o f  

c h a r a c t e r s  r e j e c t e d  l a t e  i n  t h e  L E Q U  b o i l - d o w n  a n a l y s i s .

3 . 7 . 2 .  T ree s :  p h y lo g e n e t i c  hypo theses

B y  r e i n t r o d u c i n g  t h e  l a s t  f e w  c h a r a c t e r s  t o  b e  t h r o w n  o u t  i n  t h e  

b o i l  d o w n  i t  i s  p o s s i b l e  t o  p o s t u l a t e  r e v e r s a l s  a n d  p a r a l l e l i s m s  t h a t  

w o u l d  m a k e  r e j e c t e d  c h a r a c t e r s  f i t  i n t o  t h e  c l i q u e  ( G a u l d  & 

U n d e r w o o d ,  1 9 8 6 ) .  T h e s e  a r e  l i s t e d  a n d  d i s c u s s e d  b e l o w .  T h e  d i a g r a m  

r e s u l t i n g  f r o m  t h i s  d i s c u s s i o n  i s  a h y p o t h e t i c a l  t r e e  a s  d i s c u s s e d  i n  

c h a p t e r  1  ( T a t t e r s a l l  & E l d r e d g e ,  1 9 7 8 ) .

( a )  C h a r a c t e r  3 3 . 1 .  T h i s  c h a r a c t e r  c a n  b e  f i t t e d  i n t o  t h e  c l i q u e  i n  

t w o  w a y s :  f i r s t ,  a  p a r a l l e l i s m  i n  t a x o n  1 3  f o r  c h a r a c t e r  2 . 1 ;  s e c o n d ,  

a  r e v e r s a l  i n  t h e  c l a d e  d e l i n e a t e d  b y  c h a r a c t e r  3 3 . 1 .  A l t h o u g h  t h e  

f i r s t  i s  t h e  m o s t  p a r s i m o n i o u s  s o l u t i o n  i t  i s  r e j e c t e d  f o r  a  v a r i e t y  

o f  r e a s o n s .  T h e  p r i m a r y  r e a s o n  l i e s  i n  t h e  n a t u r e  o f  c h a r a c t e r  2 . 1 .  

I t  i s  a  c h a r a c t e r  w h i c h  s e e m s  t o  d e l i n e a t e  t h e  b a s a l  g r o u p  o f  t h e  

e p h i a l t i n e  g e n e r a  ( i . e .  t h e  o l d  E p h i a l t i n i  a n d  P o l y s p h i n c t i n i ) ,  a n d  

u n d e r  t h e s e  c i r c u m s t a n c e s  r e v e r s a l s  s e e m  m u c h  m o r e  l i k e l y  e v e n t s  t h a n  

p a r a l l e l i s m s ,  s e e  c h a p t e r  1 .  C o n s i d e r a t i o n s  o f  t h e  e v o l u t i o n  o f  

b i o l o g i c a l  c h a r a c t e r s  a l s o  s u g g e s t  t h a t  t a x o n  1 3  s h o u l d  b e  p l a c e d  

w i t h i n  t h e  c l a d e  s u g g e s t e d  b y  c h a r a c t e r  3 3 . 1  ( s e e  c h a p t e r  4 ) .  I n  

a d d i t i o n ,  w i t h i n  t h e  g e n u s  Tromatobia ( t a x o n  1 2 )  c h a r a c t e r  2 . 1  c a n  b e  

e i t h e r  p r e s e n t  o r  a b s e n t ,  s h o w i n g  t h a t  t h e  r e d u c t i o n  o f  t h e  b i l o b e d  

c l y p e u s  t o  i t s  p l e s i o m o r p h i c  s t a t e  h a s  c e r t a i n l y  o c c u r r e d  i n  r e l a t e d  

t a x a .
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( b )  C h a r a c t e r  4 0 .  T h i s  c h a r a c t e r  c a n  b e  f i t t e d  i n t o  t h e  c l i q u e  b y  

p o s t u l a t i n g  a  r e v e r s a l  i n  t a x a  2 8  a n d  2 9 .  T h i s  c h a r a c t e r  n o w  b e c o m e s  

a n  a u t a p o m o r p h y  o f  Theronia  a n d  t h e  o l d  t r i b e  P i m p l i n i .

( c )  C h a r a c t e r  2 . 2 .  T h i s  c h a r a c t e r  c a n  b e  f i t t e d  i n t o  t h e  c l i q u e  b y  

p o s t u l a t i n g  o n e  r e v e r s a l  i n  t a x o n  3 3 .  T h i s  c h a r a c t e r  o r i g i n a l l y  

g r o u p e d  t a x o n  3 3  ( Pseudorhyssa) w i t h  t h e  R h y s s i n i .  H o w e v e r ,  t h e r e  i s  

n o w  e v i d e n c e  t o  s u p p o r t  t a x o n  3 3  a s  p a r t  o f  t h e  p o e m e n i i n e - g r o u p  o f  

t a x a ,  a n d  s o  a p a r a l l e l i s m  i s  p o s t u l a t e d  h e r e .  T h i s  c h a r a c t e r  s e e m s  

t o  f o r m  p a r t  o f  a  s u i t e  o f  r e l a t e d  w o o d - a s s o c i a t e d  c h a r a c t e r s  w h i c h  

a r e  d i s c u s s e d  i n  s o m e  d e t a i l  b e l o w  ( c h a p t e r  4 ) .

( d )  C h a r a c t e r  1 8 . 1 .  T h i s  c h a r a c t e r  r e q u i r e s  6 r e v e r s a l s  t o  e n t e r  

t h e  c l i q u e  ( i n  t a x a  3 1 ,  3 2 ,  3 0 ,  2 7 ,  2 8 ,  2 9  -  a l t h o u g h  o n l y  4 i f  a  

s i n g l e  l o s s  i n  t a x a  2 7 ,  2 8  a n d  2 9  i s  a c c e p t e d ,  b u t  I  h a v e  n o t  

i n d i c a t e d  t h i s  r e l a t i o n s h i p  i n  t h e  t r e e  d i a g r a m ) .  H o w e v e r ,  t h e  

g e n e r a l  c o m m e n t s  f o r  c h a r a c t e r  2 . 1  a l s o  a p p l y  h e r e  a s  t h i s  c h a r a c t e r  

i s  r i g h t  a t  t h e  b a s e  o f  t h e  p i m p l i n e  g r o u p s  e x c e p t i n g  t h e  p o e m e n i i n e -  

g r o u p  a n d  t h e  r h y s s i n e s .

( e )  C h a r a c t e r  3 7 .  T h i s  l i n k s  t a x o n  3 5 ,  36 a n d  3 7 .  O n e  r e v e r s a l  

i n  t a x o n  3 8  p l a c e s  t h i s  i n  t h e  c l i q u e .

A  s u b s e t  a n a l y s i s  o f  s o m e  o f  t h e  h o l o p h y l e t i c  g r o u p s  i n  t h e  a n a l y s i s  

i s  n o w  p e r f o r m e d  w i t h  t h e  i n i t i a l  s t u d y  O T U s .

3 . 7 . 3 .  Subset  a n a ly s e s

T h e  f o l l o w i n g  h o l o p h y l e t i c  s u b s e t s  w e r e  r e - a n a l y s e d ,  u s i n g  t h e  

m e t h o d s  o u t l i n e d  i n  c h a p t e r  1 :

1 .  T h e  e p h i a l t i n e ,  p o l y s p h i n c t i n e  a n d  p i m p l i n e  g e n e r a  ( 1 - 3 2 )

2 .  T h e  p o e m e n i i n e  g e n e r a  ( 3 3 ,  3 5 - 3 8 )

3 .  T h e  e p h i a l t i n e  a n d  p o l y s p h i n c t i n e  g e n e r a  ( 1 - 2 4 ,  3 1 - 3 2 )
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4 .  T h e  p i m p l i n e  g e n e r a  ( 2 5 - 3 0 )

5 .  T h e  r h y s s i n e  g e n e r a  ( 3 9 - 4 2 )

T h e  f i v e  a n a l y s e s  p r o d u c e d  o n l y  o n e  c h a r a c t e r  w h i c h  w a s  

i n c o m p a t i b l e  o v e r a l l  b u t  c o m p a t i b l e  w i t h i n  a  s u b s e t .  T h i s  w a s  

c h a r a c t e r  1 2  w h i c h  i s  t h e  o l d  a u t a p o m o r p h i c  c h a r a c t e r  f o r  t h e  

P i m p l i n i  ( w i t h o u t  Theronia)  w h i c h  h a d  n o t  p r e v i o u s l y  e n t e r e d  t h e  

c l i q u e  d u e  t o  a  p a r a l l e l i s m  w i t h  t h e  r h y s s i n e s  ( s e e  c h a p t e r  2 )  .  T w o  

o f  t h e  s u b s e t  a n a l y s e s  ( 2  a n d  5 )  w e r e  u p o n  s u c h  s m a l l  n u m b e r s  o f  t a x a  

t h a t  a  l a r g e  n u m b e r  o f  h o m o p l a s t i c  c h a r a c t e r s  w e r e  i n c l u d e d  i n  t h e  

c l i q u e s  t h a t  w o u l d  r e q u i r e  a  u n a c c e p t a b l e  l e v e l  o f  p a r a l l e l i s m  w i t h  

o t h e r  g r o u p s  i n  o r d e r  t o  b e  a c c e p t e d .  T h i s  t e n d s  t o  o c c u r  w i t h  a l l  

v e r y  s m a l l  s u b s e t  a n a l y s e s .  F o r  t h i s  r e a s o n  t h e y  h a v e  n o t  b e e n  

a l l o w e d  i n t o  t h e  c l i q u e s .

T h e  f i n a l  h y p o t h e t i c a l  t r e e  f o r  t h e  s t u d y  O T U s  i s  s h o w n  i n  f i g  

3 . 2 7 .  T h e s e  a r e  t h e  c o n j e c t u r e d  e v o l u t i o n a r y  r e l a t i o n s h i p s  t h a t  w i l l  

b e  u s e d  f o r  a  c o n s i d e r a t i o n  o f  t h e  e v o l u t i o n  o f  h o s t - p r e f e r e n c e s  i n  

c h a p t e r  4 .  A  d e t a i l e d  c l a d i s t i c  a n a l y s i s  o f  t h e  r h y s s i n e s  i s  

p o s t p o n e d  u n t i l  c h a p t e r  5 .

T h e  v a r i o u s  g r o u p i n g s  w i l l  n o w  b e  e x a m i n e d  i n  m o r e  d e t a i l ,  w i t h  

g e n e r a  o u t s i d e  t h e  s t u d y  g r o u p  b e i n g  e x a m i n e d  t o  s e e  h o w  t h e y  m i g h t  

f i t  i n t o  t h e  h y p o t h e t i c a l  t r e e .  A  r i g o u r o u s  c l a d i s t i c  m e t h o d  h a s  n o t  

b e e n  u s e d  f o r  t h e  n e x t  s e c t i o n ,  a n d  t h e s e  c o m m e n t s  m u s t  b e  c o n s i d e r e d  

p r o v i s i o n a l .

3.8. The Holophyletic Groups

3 . 8 . 1 .  The poemeniine group

T h r e e  g e n e r a  o f  t h i s  g r o u p  w e r e  n o t  i n c l u d e d  i n  t h e  s t u d y  O T U s :  t w o  

O r i e n t a l  g e n e r a  -  E uglata  a n d  C n a s tis ;  a n d  o n e  N e o t r o p i c a l  o n e  -  

Ganodes. A l l  t h r e e  s e e m  t o  b e  c l o s e  t o  Neoxorides ,  i n  t h a t  t h e y  h a v e
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Key: ■ - apomorphy; <f> -  parallelism; 0 - reversal.
Fig 3.27. Final hypothetical tree for the pimpline data set.
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a c h a r a c t e r i s t i c  b e n d i n g  b a c k  o f  t h e  l a s t  f e w  a n t e n n a l  s e g m e n t s  s o  

t h a t  a  h i g h l y  s p e c i a l i s e d  s e r i e s  o f  a n t e n n a l  s e n s i l l a  ( f i g  3 . 1 0 )  c a n  

c o m e  i n t o  c o n t a c t  w i t h  t h e  s u b s t r a t e .  T h i s  b e n d i n g  c a n  a l s o  b e  s e e  

i n  P o d o s c h i s t u s ,  a l t h o u g h  i t  i s  l e s s  p r o n o u n c e d .

B o t h  D e u t e r o x o i d e s  a n d  P o e m e n i a  l a c k  t h e  s p e c i a l i s a t i o n  o f  t h e  

a n t e n n a e  f o u n d  i n  t h e  o t h e r  g r o u p s .  I n  a d d i t i o n  t h e y  h a v e  m u c h  l e s s  

p r o n o u n c e d  ( D e u t e r o x o i d e s ) o r  a b s e n t  ( P o e m e n i a ) s c a b r o u s  a r e a s  o n  t h e  

d o r s a l  p a r t  o f  t h e  t e m p l e .  T h e s e  c h a n g e s  c l e a r l y  i n d i c a t e  a n  

e v o l u t i o n a r y  s e q u e n c e  b u t  i t s  p o l a r i t y  i s  s o m e w h a t  i n  d o u b t .  F o r  t h e  

t i m e  b e i n g  i t  i s  a s s u m e d  t h a t  P o e m e n ia  i s  t h e  l e a s t  s p e c i a l i s e d  o f  

t h e  h i g h e r  p o e m e n i n e s  a n d  t h a t  D e u t e r o x o i d e s  i s  i n t e r m e d i a t e  b e t w e e n  

Poem en ia  a n d  t h e  N e o x o r i d e s - g r o u p .  U n f o r t u n a t e l y ,  P o e m e n i a ,  w h i c h  

h a s  a  v e r y  d i f f e r e n t  b i o l o g y  f r o m  t h e  o t h e r ,  r e a s o n a b l y  w e l l  s t u d i e d ,  

g e n e r a ,  m a y  h a v e  s e c o n d a r i l y  l o s t  t h e  v a r i o u s  f e a t u r e s  r e l a t e d  t o  

w o o d - b o r i n g  i n  t h e  o t h e r  g r o u p s  ( s e e  c h a p t e r  4 ) ,  a n d  i t s  p h y l o g e n e t i c  

p o s i t i o n  c o u l d  b e  v e r y  d i f f e r e n t  f r o m  t h a t  c o n j e c t u r e d  i n  t h e  

h y p o t h e t i c a l  t r e e  d i a g r a m .

I t  i s  c l e a r  t h a t  P s e u d o r h y s s a  i s  b e s t  p l a c e d  w i t h i n  t h i s  c l a d e .  I n  

t h e  p a s t  i t  h a s  b e e n  c l a s s i f i e d  a s  a  r h y s s i n e  ( M o r l e y ,  1 9 1 3 ;  

K a z m i e r c z a k ,  1 9 8 1 ) ,  o r  a s  a d e l o m e r i s t i n e  ( T o w n e s ,  1 9 6 9 ) .  T h e  

r h y s s i n e - l i k e  c h a r a c t e r s  h a v e  a l l  b e e n  s h o w n  t o  b e  p a r a l l e l i s m s  ( a n d  

s e e  c h a p t e r  4 f o r  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s ) ;  a n d  i t  i s  

q u i t e  c l e a r  t h a t  t h e  D e l o m e r i s t i n i  i s  a  p o l y p h y l e t i c  g r o u p .  T h i s  

l e a v e s  t w o  c h a r a c t e r s  s u p p o r t i n g  P s e u d o r h y s s a ' s  m e m b e r s h i p  o f  t h e  

p o e m e n i n e  c l a d e  -  t h e  s t r u c t u r e  o f  t h e  e p o m i a  a n d  t h e  p a t t e r n  o f  t h e  

p r o p o d e a l  c a r i n a e .  P s e u d o r h y s s a  i s  u n d o u b t e d l y  t h e  m o s t  p r i m i t i v e  

k n o w n  p o e m e n i n e .

T h e  o r i g i n a l  h y p o t h e t i c a l  t r e e  d i a g r a m  s u p p o r t s  t h e s e  c o n c l u s i o n s ,  

e x c e p t  c o n c e r n i n g  t h e  p o s i t i o n  o f  D e u t e r o x o i d e s  w h i c h  i s  p r o b a b l y  

c l o s e r  t o  P o em en ia  t h a n  t o  P o d o s c h i s t u s .  I t  i s  c l e a r  t h a t  f u r t h e r  

t a x o n o m i c  a n d  p h y l o g e n e t i c  w o r k  i s  n e e d e d  t o  s o r t  o u t  b o t h  t h e  

g e n e r i c  c l a s s i f i c a t i o n  o f  t h i s  g r o u p  a n d  i t s  p h y l o g e n e t i c  h i s t o r y .  

I t  i s  p r o b a b l e  t h a t  a  c l e a r e r  i d e a  a b o u t  t h e  r e l a t i o n s h i p s  o f  t h e  

g r o u p  w i l l  c o m e  a b o u t  t h r o u g h  t h e  i n v e s t i g a t i o n  o f  t h e  i m m a t u r e  f o r m s
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-  e s p e c i a l l y  t h e  f i n a l  i n s t a r  l a r v a e .  P e r h a p s  e q u a l l y  i m p o r t a n t l y ,  a 

g r e a t  d e a l  m o r e  n e e d s  t o  b e  d i s c o v e r e d  a b o u t  t h e  b i o l o g y  o f  t h e  

g r o u p .

I t  i s  r e c o m m e n d e d  t h a t  t h e  t r i b e  P o e m e n i i n i  b e  r e d e f i n e d  a s  a 

s u b f a m i l y :  t h e  P o e m e n i i n a e .

3 . 8 . 2 .  The E p h i a l t i n i

T o w n e s  ( 1 9 6 9 )  s p l i t s  t h e  E p h i a l t i n i  u p  i n t o  f o u r  g r o u p s ;  t w o  o f  

w h i c h  h a v e  b e e n  i n c l u d e d  i n  t h e  s t u d y  O T U s :  t h e  E p h i a l t a s - g r o u p ,  t h e  

( i n c l u d i n g  t h e  E p h i a l t e s - s u b g r o u p  ( t a x a  1 - 8 ) ;  a n d  t h e  T r o m a t o b i a -  
s u b g r o u p  ( t a x a  9 - 1 4 ) ) ;  a n d  t h e  P s e u d o p i m p l a - g r o u p  ( t a x o n  1 5 ) .  T h e  

o t h e r  t w o  g r o u p s  o u t s i d e  t h e  s t u d y  O T U s  a r e  t h e  A l o p h o s  t e r n  u r n - g r o u p  

(P a c h y m e l o s  a n d  A l o p h o s t e r n u m )  a n d  t h e  C a m p t o t y p u s -  g r o u p  ( 5  g e n e r a  

i n  t h e  O l d  a n d  N e w  W o r l d  t r o p i c s ) .

T h e  E p h i a l t e s - g r o u p ,  c o r r e s p o n d s  r o u g h l y  t o  t h e  c l a d e  d e l i n e a t e d  b y  

c h a r a c t e r  5 ;  a l o n g  w i t h  t h e  c l e a r l y  r e l a t e d  t a x a  -  1 2 , 1 3  a n d  1 4 .  

T h i s  s e e m s  t o  c o n s t i t u t e  a p a r a p h y l e t i c  g r o u p .  W i t h i n  t h i s  g r o u p ,  

t h e  t w o  s u b g r o u p s  t h a t  T o w n e s  r e c o g n i s e s  a r e  s u p p o r t e d  u n i q u e l y  o n l y  

b y  c h a r a c t e r s  w h i c h  a r e  e i t h e r  i n  t h e  T o w n e s  t e s t  d a t a  s e t  a n d  d i d  

n o t  e n t e r  t h e  f i n a l  c l i q u e  o r  w e r e  r e j e c t e d  b e f o r e  t h e  a n a l y s i s  a s  

b e i n g  t o o  v a r i a b l e .  T o w n e s '  b a s e d  h i s  g r o u p i n g s ,  i n  a d d i t i o n ,  u p o n  

b i o l o g i c a l  c h a r a c t e r s  w h i c h  d o  d e l i n e a t e  t w o  s e p a r a t e  g r o u p s  ( s e e  

c h a p t e r  4 )  .  T h e  r e l a t i o n s h i p  s e e m s  t o  b e  t h a t  o f  a  b i o l o g i c a l l y  

s p e c i a l i s e d  g r o u p  ( t h e  T r o m a t o b i a - g r o u p  s e n s u  T o w n e s  -  p a r a s i t o i d s  o f  

c o c o o n e d  h o s t s )  w h i c h  h a s  a r i s e n  f r o m  a  b i o l o g i c a l l y  g e n e r a l i s e d  

g r o u p  ( t h e  E p h i a l t e s - g r o u p  s e n s u  T o w n e s  -  p a r a s i t o i d s  o f  o r g a n i s m s  

w i t h i n  s o f t i s h  p l a n t  t i s s u e ) .  T h e  m o r p h o l o g i c a l  c h a n g e s  a s s o c i a t e d  

w i t h  t h i s  s h i f t  s e e m  t o  h a v e  b e e n  r e l a t i v e l y  s m a l l  a n d  d i f f i c u l t  t o  

i d e n t i f y  a s  a p o m o r p h i e s  ( s e e  c h a p t e r  4 ) .  I n  a d d i t i o n ,  t h e  T r o m a t o b i a -  
g r o u p  s e n s u  T o w n e s  i s  i t s e l f  p a r a p h y l e t i c ,  a s  t h e  p o l y s p h i n c t i n e s  

c l e a r l y  a r o s e  f r o m  w i t h i n  i t .  F o r  t h e s e  r e a s o n s ,  a  m o r e  b r o a d  

u n s p l i t  E p h i a 1 t e s - g r o u p  i s  r e c o g n i s e d  h e r e  c o n s i s t i n g  o f  a l l  s p e c i e s  

w i t h  d i p p e d  o c c i p i t a l  c a r i n a .  H o w e v e r ,  T o w n e s '  s u b g r o u p s  a r e  u s e d  a s
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n o n - p h y l o g e n e t i c  c a t e g o r i e s  a s  t h e y  c l e a r l y  r e f e r  t o  b i o l o g i c a l l y  

h o m o g e n o u s  g r o u p s .  T h e  t h r e e  s p i d e r  e g g - s a c  p a r a s i t o i d s  ( T r o m a t o b i a , 
I s e r o p u s  a n d  Z a g y l p t u s ;  t h e  T r o m a t o b i a - g r o n p  s e n s u  E g g l e t o n )  a r e  

c l o s e  t o  t h e  p o l y s p h i n c t i n e  c l a d e ,  b i o l o g i c a l l y ,  b u t  f o r  p r a g m a t i c  

r e a s o n s  a r e  r e c o g n i s e d  a s  a  s e p a r a t e  g e n u s - g r o u p  o f  t h e  t r i b e  

E p h i a l t i n i .  T o  s u m m a r i s e  g r o u p s  a n d  c h a r a c t e r s :

( 1 )  T h e  E p h i a l t e s - g r o u p .  C h a r a c t e r i s e d  b y  t h e  p r e s e n c e  o f  a d i p p e d

o c c i p i t a l  c a r i n a .  T h i s  g r o u p  c o n s i s t s  o f :  O T U ’ s  1 - 8  a l o n g  w i t h  t h e  

f o l l o w i n g  g e n e r a  n o t  i n c l u d e d  i n  t h e  a n a l y s i s :  C a l l i e p h i a l t e s ,
H o l c o p i m p l a ,  F l a v o p i m p l a , L e p t o p i m p l a ,  X a n t h o p h e n a x ,  A n a s t e l g i s , 
P i m p l a t e u s  a n d  X a n t h e p h i a l t e s  ( t h e  E p h i a l t e s - s u b g r o u p  s e n s u  T o w n e s  

1 9 6 9 ) ;  a n d  O T U ' s 9 - 1 1  a l o n g  w i t h  S e r i c o p i m p l a  ( p a r t  o f  t h e  

T r o m a t o b i a - g r o u p  s e n s u  T o w n e s ,  w h i c h  w i l l  b e  r e f e r r e d  t o  h e r e  a s  t h e  

A c r o p i m p l a - s u b g r o u p ,  t o  s e p a r a t e  i t  f r o m  t h e  T r o m a t o b i a - g r o n p  s e n s u  
E g g l e t o n ;  t h e  s p i d e r  e g g  s a c  p a r a s i t o i d s  m e n t i o n e d  a b o v e ,  w h i c h  a r e  

c l o s e r  t o  t h e  P o l y s p h i n c t i n i )

T h e  r e m a i n i n g  t h r e e  g r o u p s  h a v e  t h e  o c c i p i t a l  c a r i n a  a b s e n t ,  a t  

l e a s t  a t  t h e  m i d - l i n e .  T h e y  d o  n o t  s e e m  t o  b e  p h y l o g e n e t i c a l l y  v e r y  

c l o s e  t o  e a c h  o t h e r .

( 2 )  P s e u d o p i m p l a  i s  a v e r y  s p e c i a l i s e d  e p h i a l t i n e  g e n u s .  I t s  

a f f i n i t i e s  a r e  u n c e r t a i n .

( 3 )  T h e  A l o p h o s t e r n u m  g r o u p .  C h a r a c t e r i s e d  b y  t h e  p r e s e n c e  o f  a 

r a t h e r  d e n s e l y  h a i r y  m e s o s c u t u m  a n d  a n  i n c o m p l e t e  o c c i p i t a l  c a r i n a .  

T h i s  i s  a  v e r y  p o o r l y  d e f i n e d  g r o u p .  T h i s  g r o u p  c o n s i s t s  o f  t h e  

g e n e r a  A l o p h o s t e r n u m  a n d  P a c h y m e l o s .  B o t h  g e n e r a  a r e  a s s o c i a t e d  w i t h  

l e a f - m i n i n g  l a r v a e ,  a n d  a r e  p r o b a b l y  n o t  c l o s e  t o  P s e u d o p i m p l a ,  t h e  

o c c i p i t a l  c a r i n a  b e i n g  l o s t  i n  p a r a l l e l .  —

( 4 )  T h e  C a m p t o t y p u s - g r o n p  i s  d i s t i n c t i v e  i n  h a v i n g  t h e  o c c i p i t a l

c a r i n a  a l m o s t  e n t i r e l y  e f f a c e d .  I t  i s  u n d o u b t e d l y  a  s p e c i a l i s e d  o f f ­

s h o o t  o f  t h e  E p h i a l t e s - g r o u p .  T h i s  g r o u p  c o n s i s t s  o f :  C a m p t o t y p u s ,
Z o n o p i m p l a ,  C e n o d o n t i s ,  O d o n t o p i m p l a  a n d  C ly d o n iu m .
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( 5 )  T h e  T r o m a t o b i a - g r o u p ,  d i s c u s s e d  a b o v e .

C l e a r l y ,  g r o u p s  2 ,  3 a n d  4 a r e  d e r i v e d  f r o m  t h e  E p h i a l t e s - g r o u p .  

H o w e v e r ,  i t  i s  n o t  c l e a r  w h i c h  g r o u p  o f  g e n e r a  f o r m  t h e  s i s t e r  g r o u p  

o f  a n y  o f  t h e m .

T w o  g e n e r a  ( D e l o m e r i s t a r P e r i t h o u s  ( a n d  i t s  s i s t e r  g r o u p  g e n u s  

H y b o m i s c h o s ) ) t h a t  w e r e  p l a c e d  o r i g i n a l l y  i n  t h e  D e l o m e r i s t i n i  a r e  

p r o b a b l y  b e s t  p l a c e d  w i t h i n  t h e  E p h i a l t i n i .  T h e i r  p o s s e s s i o n  o f  a 

m e d i a l l y  n o t c h e d  c l y p e u s  f i t s  t h e m  i n t o  t h i s  c l a d e  b u t  t h e y  d o  n o t  

f i t  i n t o  a n y  o f  t h e  a b o v e  g r o u p s .  I t  i s  p r o b a b l e  t h a t  t h e y  s h o u l d  b e  

i n  t h e  E p h i a l t e s - g r o u p ,  b u t  t h e r e  a r e  n o  o b v i o u s  s y n a p o m o r p h i e s .

T h i s  o r d e r i n g  o f  t a x a  l e a v e s  t h e  E p h i a l t i n i  a s  a  p a r a p h y l e t i c  

g r o u p ,  w i t h i n  w h i c h  e v o l u t i o n a r y  r e l a t i o n s h i p s  r e m a i n  u n c e r t a i n .

3.8.3. The Polysphinctini

O f  t h e  g e n e r a  n o t  u s e d  i n  t h e  a n a l y s i s  Z a b r a c h y p u s  i s  r a r e  a n d  n o  

s p e c i m e n  w a s  a v a i l a b l e  f o r  s t u d y .  A f r o s p h i n c t a  w a s  p l a c e d  b y  T o w n e s  

a s  a g e n u s  c l o s e  t o  S c h i z o p y g a ,  b u t  e x a m i n a t i o n  o f  t h e  h o l o t y p e  h a s  

s h o w n  t h a t  t h i s  i s  n o t  t h e  c a s e  ( a l t h o u g h  i t  m a y  b e  c l o s e  t o ,  o r  a  

s y n o n y m n  o f ,  D r e i s b a c h i a  ( G a u l d ,  1 9 8 4 b ) ) .  M i l l i r o n i a ,  w h i c h  T o w n e s  

p l a c e d  n e a r  E r i o s t e t h u s ,  h a s  b e e n  s y n o n y m i s e d  w i t h i n  E r i o s t e t h u s  
( G a u l d , 1 9 8 4 b ) .  T h e  a f f i n i t i e s  o f  t h e  o t h e r  g e n e r a  a r e  d i s c u s s e d  

b e l o w .

T h e  p o l y s p h i n c t i n e s  c a n  b e  s p l i t  u p  i n t o  t h r e e  n a t u r a l  g r o u p s :

( 1 )  T h e  S c h i z o p y g a  g r o u p .  T h i s  g r o u p  i s  c h a r a c t e r i s e d  b y  h a v i n g  

t h e  s u t u r e  b e t w e e n  t h e  f a c e  c l y p e u s  w e a k  o r  a b s e n t ,  t h e  e y e s  s p a r s e l y  

t o  m o d e r a t e l y  h a i r y  a n d  t h e  m e s o s c u t u m  r a t h e r  f l a t t e n e d .  I t  

c o m p r i s e s  S c h i z o p y g a  a n d  D r e i s b a c h i a .

( 2 )  T h e  P o l y s p h i n c t a - g r o u p .  T h i s  g r o u p  i s  c h a r a c t e r i s e d  b y  t h e  

h a v i n g  t h e  s u b m e t a p l e u r a l  c a r i n a  w e a k  o r  n o t  p r e s e n t .  I t  c o n s i s t s  o f  

t h e  l a r g e s t  p o l y s p h i n c t i n e s  w i t h  l o n g i s h  o v i p o s i t o r s .  I t  c o m p r i s e s ,
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a l o n g  w i t h  P o l y s p h i n c t a , o f  t h e  t w o  c l o s e l y  r e l a t e d  N e o t r o p i c a l  

g e n e r a  H y m e n o e p i m e c i s  a n d  A c r o t a p h u s .

( 3 )  T h e  A c r o d a c t y l a - g r o u p .  T h i s  g r o u p  i s  c h a r a c t e r i s e d  b y  t h e  

p o s s e s s i o n  o f  a  t h r e e - s e g m e n t e d  l a b i a l  p a l p .  I t  c o n s i s t s  o f  

P i o g a s t e r  ( w h i c h  s e e m s  t o  b e  t h e  l e a s t  d e r i v e d  g e n u s  -  s e e  

h y p o t h e t i c a l  t r e e  d i a g r a m  b e l o w ) ,  E r i o s t e t h u s , S i n a r a c h n a ,  E r u g a ,  
Z a t y p o t a  a n d  A c r o d a c t y l a .  T h e  l a s t  t h r e e  g e n e r a  a l s o  s e e m  t o  f o r m  a  

h o l o p h y l e t i c  s u b g r o u p .

A p o m o r p h i c  c h a r a c t e r  s t a t e s  u s e d  i n  t h e  h y p o t h e t i c a l  t r e e  d i a g r a m :

A.  S u t u r e  l i n e  b e t w e e n  f a c e  and c l y p e u s  weak o r  a b s e n t .

B. E y e s  s p a r s e l y  t o  m o d e r a t e l y  h a i r y .

C. S u b m e t a p l e u r a l  c a r i n a  weak o r  a b s e n t .

D. L a b i a l  p a l p s  3 - s e g m e n t e d .

E.  Vein Cu o f  h i n d w i n g  a b s e n t .

F.  Vein N -C u l  o f  h i n d w i n g  s t r o n g l y  b e n t  p r o x i m a l l y .

G. P r o n o t a l  c o l l a r  r a i s e d  and r o u n d e d .

H. Prono tum  g r e a t l y  f l a t t e n e d  an d e x t e n d e d

F i g  3 . 2 8 .  s h o w s  t h e  h y p o t h e t i c a l  t r e e  d i a g r a m  f o r  t h e  

p o l y s p h i n c t i n e s .  ( C h a r a c t e r s  t h a t  a r e  i n  t h e  o r i g i n a l  c h a r a c t e r  s e t  

a r e  r e f e r r e d  t o  b y  t h e i r  n u m b e r ,  o t h e r w i s e  t h e y  a r e  l e t t e r e d ) .

T h e  t h r e e  g r o u p s  a r e  c l e a r l y  d e l i n e a t e d ,  b u t  i t  m u s t  b e  p o i n t e d  o u t  

t h a t  t h i s  g r o u p i n g  i s  c o n t r a d i c t e d  b y  a  n u m b e r  o f  c h a r a c t e r  s t a t e s  

t h a t  w o u l d  s e e m  t o  l i n k  t h e  t h r e e  t r o p i c a l  f o r e s t  g e n e r a  E r i o s t e t h u s ,  
A c r o t a p h u s  a n d  H y m e n o e p i m e c i s .  T h e s e  c h a r a c t e r - s t a t e s  a r e :  o c c i p i t a l  
c a r i n a  f o r m e d  i n t o  a s t r o n g  c o l l a r ;  e x t e n d e d  p r o n o t a  l a c k i n g  t h e
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epom ia  and l o n g e r  o v i p o s i t o r s  than  m o s t  p o l y s p h i n c t i n e s  ( t h e  l a s t  t w o  

o f  t h e s e  c h a r a c t e r s  d i s c u s s e d  i n  G a u l d ,  1 9 8 4 b ) .  T h e s e  a r e  p r o b a b l y  

p a r a l l e l i s m s ,  b u t  e q u a l l y  w e l l  t h e  r e d u c t i o n  c h a r a c t e r s  w h i c h  l i n k  

t o g e t h e r  t h e  A c r o d a c t y l a  g r o u p  m a y  b e  r e l a t e d  t o  s i z e .  T h e  m a j o r i t y  

o f  s p e c i e s  o f  t h e  A c r o d a c t y l a  g r o u p  h a v e  f o r e - w i n g  l e n g t h s  l e s s  t h a n  

6 m m ,  a n d  r e d u c t i o n  i n  p a l p a r  s e g m e n t  n u m b e r  ( a n d  t h e  r e l a t e d  

c h a r a c t e r  w i n g - v e i n a t i o n  r e d u c t i o n )  i s  o f t e n  a n  a c c o m p a n i m e n t  o f  

s m a l l  s i z e  ( G a u l d  &  B o l t o n ,  1 9 8 8 ) .  I f  t h i s  i s  t h e  c a s e  t h e n  t h e r e  a r e  

t w o  s e t s  o f  i n c o m p a t i b l e  c h a r a c t e r - s t a t e s  b o t h  o f  w h i c h  m a y  b e  o f  

d u b i o u s  v a l u e  f o r  p h y l o g e n e t i c  r e c o n s t r u c t i o n .

F o r t u n a t e l y ,  t h e  s i z e  d i s t r i b u t i o n s  o f  s p e c i e s  w i t h i n  t h e  g e n e r a  

c a s t  s o m e  l i g h t  o n  t h i s  p r o b l e m .  T h e  g e n u s  w i t h  t h e  s m a l l e s t  s p e c i e s  

i n  t h e  P o l y s p h i n c t a - g r o u p  i s  P o l y s p h i n c t a  i t s e l f ,  w h i c h  i n  P. h o o p s  
h a s  a n  a v e r a g e  f o r e w i n g  l e n g t h  ( n = 1 2 )  o f  4 . 8 m m .  Z a t y p o t a ,  o n e  o f  t h e  

s m a l l e r  A c r o d a c t y l a - g r o u p  g e n e r a  h a s ,  i n  Z a t y p o t a  p e r c o n t a r i a  a n  

a v e r a g e  f o r e w i n g  l e n g t h  ( n = 1 2 )  o f  3 . 6 m m .  E r i o s t a t h u s  h a s  a n  a v e r a g e  

f o r e - w i n g  l e n g t h  ( i n  E.  p u l c h e r r i m u s )  o f  9 . 9  mm ( n = 1 2 ) .  E r i o s t e t h u s  
i s  t h e r e f o r e  m u c h  l a r g e r  t h a n  t h e  r e s t  o f  i t s  p r e s u m e d  g r o u p  a n d  t h e  

l a r g e r  t h a n  t h e  s m a l l e s t  m e m b e r s  o f  t h e  g r o u p  c o m p e t i n g  f o r  i t s  

m e m b e r s h i p .  I t s  l a c k  o f  a  n e r v e l l u s  a n d  3 - s e g m e n t e d  l a b i a l  p a l p s  i s  

t h e r e f o r e  m o s t  p r o b a b l y  n o t  s i z e  r e l a t e d .  I t  s e e m s  t h a t  E r i o s t e t h u s  
i s  a s p e c i a l i s e d  g e n u s  t h a t  h a s  a r i s e n  o u t  o f  t h e  s m a l l e r  

p o l y s p h i n c t i n e s  a n d  t h a t  t h e  g r o u p i n g  i s  i n d e e d  h o l o p h y l e t i c .

3 . 8 . 4 .  The P im p l in i

T h e r e  a r e  2 i m p o r t a n t  g e n e r a  t h a t  w e r e  n o t  d e a l t  w i t h  i n  t h e  i n i t i a l  

a n a l y s i s :  E c h t h r o m o r p h a  a n d  L i s s o p i m p l a .  T h e s e  s e e m  c l o s e  t o  

X a n t h o p i m p l a  i n  t h a t  b o t h  h a v e  t w i s t e d  m a n d i b l e s  a n d  a  d i v i d e d  

c l y p e u s  ( T o w n e s , 1 9 6 9 ) .  H o w e v e r ,  G a u l d  ( p e r s  c o m m )  h a s  p o i n t e d  o u t  

t h a t  i n  E c h th r o m o r p h a  w h a t  a p p e a r s  t o  b e  a  b i p a r t i t e  s t r u c t u r e  i s ,  i n  

f a c t ,  a  s i n g l e  s t r u c t u r e ,  b e n e a t h  w h i c h  t h e  l a b r u m  p r o t r u d e s .  T h i s  

m a k e s  t w o  c l a d e s  -  o n e  c o n s i s t i n g  o f  X a n t h o p i m p l a + L i s s o p i m p l a  a n d  t h e  

o t h e r  c o n s i s t i n g  o f  t h a t  g r o u p  a n d  E c h t h r o m o r p h a .  T h i s  p r e d o m i n a n t l y  

t r o p i c a l  g r o u p  s e e m s  t o  b e  s e p a r a t e d  f r o m  a g r o u p  c o n s i s t i n g  o f

102



D r e is b a c h ia
S c h iz o p y g a
P o ly s p h in c ta
H ym en o e p im e c is
A c r o k ^ ^ s

O x y r r h e x is

P i o g a s t e r
E r i o s t e t h u s
S in a r a c h n a
E ruga
Z a ty p o ta
A c r o d a c ty la

Key: ■ - apomorphic. * - autapomorphies of the Polysphinctini

Fig 3.28. Unanalysed hypothetical tree for the Polysphinctini. For characters, see text.

T h e ro n ia  
E ch th ro m o rp h a  
L is s o p im p la  
X a n th o p im p la

I t o p l e c t i s
A p e c h th i s
P im p la
S t r o n g y l  o p s i s

Key: ■ - apomorphy; 0 - reversal; * - Pimpliniautapomorphies (see fig 3.27).

Fig 3.29. Unanalysed hypothetical tree for the Pimplini. For characters, see text.
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A p e c h t h i s , P i m p l a  a n d  S t r o n g y l o p s i s .  T h e  p o s i t i o n  o f  I t o p l e c t i s  i s  

r a t h e r  u n c e r t a i n .  I t  i s  a r a t h e r  u n s p e c i a l i s e d  g e n u s ,  a n d  d o e s  n o t  

s e e m  t o  s h a r e  a n y  u n a m b i g u o u s  a p o m o r p h i e s  w i t h  e i t h e r  o f  t h e  t w o  

g r o u p s  ( t h e  X a n t h o p i m p l a - g r o u p  a n d  t h e  P i m p l a  g r o u p ) .

A p o m o r p h i c  c h a r a c t e r  s t a t e s  u s e d  i n  t h e  h y p o t h e t i c a l  t r e e  d i a g r a m :  

( c h a r a c t e r s  t h a t  a r e  i n  t h e  o r i g i n a l  c h a r a c t e r  s e t  a r e  r e f e r r e d  t o  b y  

t h e i r  n u m b e r ,  o t h e r w i s e  t h e y  a r e  l e t t e r e d ) .

A.  M a n d i b l e s  m o d i f i e d :  some t o r s i o n ; l o w e r  t o o t h  s m a l l e r  than  u p p e r  
t o o t h .

B. S u b g e n i t a l  p l a t e  r e d u c e d  t o  t h i n  s t r i p  e i t h e r  s i d e  o f  t h e  
o v i p o s i t o r  c o m p l e x  ( i n  f e m a l e ) .

C. C l y p e u s  c l e a r l y  s p l i t  i n t o  2  p a r t s

D. S t r o n g ,  d i s t i n c t i v e  "w a r n i n g " o d o u r  p r o d u c e d

E. T a r s a l  c l a w  p o i s o n  g l a n d  l o s t ,  o f t e n  ( i n  t r o p i c a l  s p e c i e s )  
r e p l a c e d  b y  d e f e n s i v e  b r i s t l e s

F. Compound e y e  n o t  e m r g i n a t e  a t  l e v e l  o f  a n t e n n a l  s o c k e t s .  T h i s  i s  
c h a r a c t e r  1 w i t h  t h e  p o l a r i t y  r e v e r s e d

T h e  t r e e  d i a g r a m  f o r  t h i s  g r o u p  i s  s h o w n  i n  f i g  3 . 2 9 .

S e v e r a l  i n t e r e s t i n g  p o i n t s  c o m e  o u t  o f  t h i s .  T h e  f i r s t  i s  t h a t  

p o i s o n  g l a n d s  o f  t h e  t y p e  d e s c r i b e d  b y  G a u l d  ( 1 9 8 7 b )  a r e  f o u n d  i n  a l l  

t r o p i c a l  P i m p l i n i ,  e x c e p t  f o r  P i m p l a .  T h e y  a r e ,  w h e n  p r e s e n t ,  n o t  

p a r t i c u l a r l y  w e l l  d e v e l o p e d  i n  t r o p i c a l  A p e c h t h i s ,  a l t h o u g h  c l e a r l y  

v i s i b l e ;  a n d  w e l l  d e v e l o p e d  i n  c e r t a i n  t r o p i c a l  s p e c i e s  o f  

I t o p l e c t i s .  T h i s  s u g g e s t s  t h a t  t h e  t a r s a l  c l a w  p o s i o n  g l a n d - c o m p l e x  

h a s  b e e n  l o s t  p r e d o m i n a n t l y  i n  t h e  t e m p e r a t e  s p e c i e s ,  d u e  t o  t h e  

a b s e n c e  o f  p r e d a t o r  p r e s s u r e ,  a n d  i n d e e d  i s  r e p l a c e d  i n  t r o p i c a l  

P im p la  s p e c i e s  b y  s t o u t  d e f e n s i v e  b r i s t l e s ,  p r e s u m a b l y  a s  a  s e c o n d a r y
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T h e  s c e n a r i o  t h i s  s u g g e s t s  i s  t h a t  t h e  P i m p l i n i  m a y  h a v e  e v o l v e d  a s  

a T h e r o n i a - t y p e  a n c e s t o r  i n  t h e  t r o p i c s ,  a n d  o n l y  l a t e r  i n v a d e d  

t e m p e r a t e  r e g i o n s ;  i n  t h e  p r o c e s s  l o s i n g  t h e  t a r s a l  c l a w  p o i s o n - g l a n d  

c o m p l e x .  I n  o n e  c a s e  a g e n u s  h a s  r e i n v a d e d  ( P i m p l a ) a n d  e v o l v e d  a 

t o t a l l y  n e w  d e f e n s i v e  s t r u c t u r e .  I t  m a y  b e  t h a t  P i m p l a  i s  t h e  o n l y  

g e n u s  t h a t  h a s  e v o l v e d  i n  t e m p e r a t e  r e g i o n s ,  a n d  t h a t  t h e  l o s s  o f  t h e  

p o i s o n - g l a n d  i n  A p e c h t h i s  a n d  I t o p l e c t i s  h a s  o c c u r e d  s e v e r a l  t i m e s  ;  

t h a t  i s ,  o n c e  p e r  i n v a s i o n  i n t o  t h e  t e m p e r a t e  r e g i o n  a n d  a s  a 

r e s p o n s e  t o  t h e  r e d u c t i o n  i n  p r e d a t o r  p r e s s u r e  T h e  c o m m e n t s  a b o u t  

P i m p l a  a p p l y  a l s o  t o  t h e  d e s e r t i c o l o u s  S t r o n g l y o p s i s .  T h e  t r e e -  

d i a g r a m  p l a c e s  t h i s  g e n u s  c l o s e  t o  P i m p l a  a s  s u g g e s t e d  b y  T o w n e s  

( 1 9 6 9 )  -  a l t h o u g h  i t  i s  v e r y  h i g h l y  m o d i f i e d ,  e s p e c i a l l y  i n  t h e  

f e m a l e  s e x ,  i n  r e s p o n s e  t o  a r i d  e n v i r o n m e n t s .

T h e  o b t a i n e d  d i a g r a m  h a s  m a n y  c l a d e s  d e l i n e a t e d  b y  o n l y  o n e  

s y n a p o m o r p h y . F o r  t h i s  r e a s o n  i t  m u s t  b e  c o n s i d e r e d  p u r e l y  a s  a 

s p e c u l a t i v e  e x c e r c i s e  a n d  n o t  a s  a s t a t e m e n t  a b o u t  h o w  t h e  g r o u p s  

s h o u l d  b e  c l a s s i f i e d .  H o w e v e r ,  t h e r e  m u s t  b e  s o m e  d o u b t  a b o u t  t h e  

s t a t u s  o f  t h e  g e n u s  I t o p l e c t i s  w h i c h  m a y  b e  d e f i n a b l e  o n l y  b y  

p l e s i o m o r p h i c  c h a r a c t e r s .  T h e  a u t a p o m o r p h i e s  o f  t h e  g r o u p  a s  a  w h o l e ,  

h o w e v e r ,  a r e  v e r y  s t r o n g ,  a n d  t h e  e r e c t i o n  o f  a n e w l y  d e f i n e d  

P i m p l i n i  i s  r e c o m m e n d e d .  ,

response to predator presure (see figs 3 and 4 in Gauld, 1937b).

3.9. The Relative position of the Groups

I t  s e e m s  m o s t  l i k e l y  t h a t  t h e  t h e  P i m p l i n a e  a s  p r e s e n t l y  r e c o g n i s e d  

i s  n o t  h o l o p h y l e t i c  a n d  c a n  b e  s p l i t  i n t o  s e v e r a l  g r o u p s  -  t h e  

r e l a t i o n s h i p s  o f  w h i c h  a r e  n o t  t h o s e  o f — a - s i n g l e  h o l o p h y l e t i c  

s u b f a m i l y .  L e a v i n g  o u t  D i a c r i t u s  -  a b o u t  w h i c h  n o t  e n o u g h  i s  k n o w n ,  

t h e  f o l l o w i n g  h o l o p h y l e t i c  g r o u p s  a r e  r e c o g n i s e d :

( 1 )  T h e  R h y s s i n i  g r o u p

( 2 )  T h e  P i m p l i n i i / E p h i a l t i n i / P o l y s p h i n c t i n i  g r o u p
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( 3 )  T h e  P o e m e n £ . n i  / P s e u d o r h y s s a  g r o u p

T a b l e  3 . 2 .  s u m m a r i s e s  t h e s e  c h a n g e s  a n d  t h e  p r o p o s e d  n e w  t a x o n o m i c  

g r o u p i n g s .

T h e  r e l a t i o n s h i p s  b e t w e e n  t h e  g r o u p s  a r e  n o w  c o n s i d e r e d ,  a n d  h o w  

t h e y  f i t  i n t o  t h e  c l a d e  A c a e n i t i n a e + D i p l a z o n t i n a e + O r t h o c e n t r i n a e  

+ C o l l y t r i n a e  ( W a h l ,  1 9 8 9 ) .  F i g  3 . 3 0  s h o w s  t h e  p o s s i b l e  r e l a t i o n s h i p s  

o f  t h e  g r o u p s .  T h e  c h a r a c t e r s  a t  t h e  n o d e s  a r e  l i s t e d  b e l o w  a n d  a r e  

a  m i x t u r e  o f  m y  c h a r a c t e r s  a n d  W a h l ' s  ( s e e  c h a p t e r  2 f o r  m o r e  d e t a i l s  

o f  W a h l ' s  t r e e ;  t h e  c l a d e s  b e y o n d  t h e  A c a e n i t i n e s  h a v e  b e e n  l e f t  a s  a 

s i n g l e  b r a n c h ) .

ir> final in  star larvae
1 . H yp o sto m a l s p u r  c l o s e  t o  s t i p i a l  s c l e r i t e j .

2 .  P r e s e n c e  o f  h o rn  on t e r g i t e  9 o f  f e m a le .

3 . M e s o c u ta l r i d g e s  p r e s e n t  b u t  n o t  b o u n d e d  b y  p u n c t a t e  l i n e s .

4 . A n t e r i o r l y - d i p p i n g  p r o n o t a l  c o l l a r .

5 . No p h ra g m a ta  on t e r g i t e  9 o f  f e m a le .

6 . N o tch  on p o s t - o c c i p u t

I .  P o s t e r i o r l y - d i p p i n g  c o l l a r , u s u a l l y  w i th  r e f l e x e d  c o l l a r .

8 . R a is e d  e p o m ia l r i d g e

9 . S h a llo w  e p ic n e m iu m . —

1 0 . S tr o n g  p o s t e r i o r  l a t e r a l  c a r in a  p a t t e r n  on p ro p o d e u m .

I I .  T a r s a l  c la w  t e e t h .

1 2 . T u b e r c le s  on t e r g i t e s  2  t o  4

i
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1 r\ (1 , ' i o v l  i ''SS V-c*r-
1 3 . H yp o s to m a l s p u r  f u s e d  w i th  s t i p i a l  s c l e r i t e j .

1 4 . E x te n d e d  t e r g i t e  9 , n o t  s p l i t  i n t o  tw o  p a r t s  and w i th  no h o rn

1 5 . L a r g e ,  s t o u t  b r i s t l e s  on th e  f o r e  fe m u r

1 6 . P r e s e n c e  o f  a l a r g e  c o n v e x  s u b - g e n i t a l  p l a t e

T h e  r e s u l t i n g  t r e e  d i a g r a m  i s  s h o w n  i n  f i g  3 . 3 0 .  I t  s h o w s  t h e  

r h y s s i n e s  a s  a c l e a r l y  h o l o p h y l e t i c  g r o u p  d i s t i n c t  f r o m  t h e  r e s t  o f  

t h e  p i m p l i n e s .  I n  a d d i t i o n ,  t h e  p o e m e n i n e  g e n e r a  s e e m  t o  b e  a 

s e p a r a t e  h o l o p h y l e t i c  g r o u p  ( c o n f i r m i n g  t h e  r e s u l t s  o f  t h e  w h o l e  

a n a l y s i s ) .  T h i s  r e s u l t  t e n d s  t o  s u g g e s t  t h a t  t h r e e  n e w l y  d e f i n e d  

s u b f a m i l i e s  s h o u l d  b e  e r e c t e d  ( a n d  i t  s e e m s  m o s t  s e n s i b l e  t o  p l a c e  

t h e  D i a c r i t i n i  i n  a  s e p a r a t e  s u b f a m i l y  u n t i l  m o r e  i s  k n o w n  a b o u t  

t h e i r  p r o b a b l e  s y s t e m a t i c  p o s i t i o n ) .

T h e  t r e e  d i a g r a m  s h o w s  t h e  R h y s s i n a e  a s  t h e  m o s t  p r i m i t i v e  g r o u p  

a m o n g s t  t h e  " p i m p l i f o r m e s " ,  a n d  t h e  P o e m e n i n a e  a n d  P i m p l i n a e  ( s e n s u  
s t r i c t o )  a r e  t h e n  p a r a p h y l e t i c  w i t h  r e s p e c t  t o  t h e  r e s t  o f  t h e  c l a d e .  

I t  r e m a i n s  t o  b e  s e e n  w h e t h e r  t h e  P o e m e n i n a e  a r e  r e a l l y  c l o s e r  t o  t h e  

h i g h e r  g r o u p s  t h a n  t h e  P i m p l i n a e .  I n  a d d i t i o n ,  t h e r e  w a s  s o m e  d o u b t  

a b o u t  t h e  c o r r e c t  s u b f a m i l i a l  p o s i t i o n  o f  C o l e o c e n t r u s  ( u s u a l l y  

p l a c e d  w i t h i n  t h e  A c a e n i t i n a e )  .  A t  f i r s t  i t  w a s  t h o u g h t  t h a t  

C o l e o c e n t r u s  m i g h t  b e  b e t t e r  p l a c e d  i n  t h e  P o e m e n i n a e ,  d u e  t o  

s i m i l a r i t i e s  i n  t h e  s t r u c t u r e  o f  t h e  p r o n o t u m .  H o w e v e r ,  t h e  s t r u c t u r e  

o f  t h e  l a r v a e  ( S h a w  & W a h l ,  1 9 8 9 )  a n d  t h e  p r e s e n c e  o f  a v e r y  l a r g e  

f e m a l e  s u b g e n i t a l  p l a t e  i n  C o le o c e n t r u s  s u g g e s t  t h a t  i t  i s ,  i n d e e d ,  

a n  a c a e n i t i n e .

T a b l e  3 . 2  s u m m a r i s e s  t h e  t a x o n o m i c  c h a n g e s  r e c o m m e n d e d  i n  t h i s  

c h a p t e r ,  a n d  t h e s e  n o m e n c l a t u r a l  c h a n g e s  ( a l t h o u g h  n o t  f o r m a l l y  

a d v i s e d )  w i l l  b e  u s e d  f o r  t h e  r e s t  o f  t h e  t h e s i s .  T o  r e d u c e  c o n f u s i o n  

t h e  p i m p l i n e s  ( s e n s u  T o w n e s )  w i l l  b e  r e f e r r e d  t o  a s  t h e  P i m p l i n a e  

( s e n su  l a t o )  a n d  t h e  p i m p l i n e s  ( s e n s u  E g g l e t o n )  w i l l  b e  r e f e r r e d  t o  

a s  t h e  P i m p l i n a e  ( s e n s u  s t r i c t o ) .
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Fig 3.30. Hypothetical tree showing possible phylogenetic 
relationships within the lower "pimpliformes" groups. RHY 
= rhyssines; PIM = pimplines; POE = poemeniines; ACA = 
acaenitines; DIP = diplazontines and other "higher" 
pimpliformes (Wahl, 1989) . B = apomorphy.
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T a b l e  3 . 2 .  S u m m a r y  o f p r o p o s e d  t a x o n o m i c c h a n g e s  a m o n g s t

t h e  " p i m p l i n e s ”

O l d  g r o u p i n g N e w  g r o u p i n g T a x a  i n v o l v e d

P i m p l i n a e P i m p l i n a e P i m p l i n a e  
( = E p h i a l t i n a e  
s e n s u  T o w n e s )  
w i t h o u t  t h e  
R h y s s i n i , 
P o e m e n i i n i  
P s a u d o r h y s s a  
o r  D i a c r i t u s .

E p h i a l t i n i E p h i a l t i n i E p h i a l t i n i  
( = P i m p l i n i  
s e n s u  T o w n e s )  
w i t h
P e r i t h o u s ,
H yb o m isch o s
a n d
D e lo m e r i s ta

D e l o m e r s t i n i n o t  a c c e p t e d p r o v e n  t o  b e
a
p o l y p h y l e t i c
g r o u p .

P i m p l i n i P i m p l i n i P i m p l i n i  
( = E p h i a l t i n i  
s e n s u  T o w n e s )  
w i t h
T h e r o n ia .

P o l y s p h i n c t i n i P o l y s p h i n c t i n i A s  b e f o r e .

P o e m e n i i n i
i

P o e m e n £ i . n a e P o e m e n i i n i ,
w i t h
P s e u d o r b y s s a .

R h y s s i n i R h y s s i n a e R h y s s i n i .

D i a c r i t i n i D i a c r i t i n a e D i a c r i t i n i .
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CHAPTER 4. EVOLUTIONARY BIOLOGY OF THE PIMPLINAE

4.1. Introduction

B i o l o g i c a l l y  t h e  P i m p l i n a e  ( a s  r e c o g n i s e d  i n  t h i s  c h a p t e r ,  e x c l u d i n g  

t h e  r h y s s i n e s  a n d  t h e  p o e r a e n i i n e s )  a r e  e x t r e m e l y  d i v e r s e  ( F i t t o n ,  

S h a w  & G a u l d  1 9 8 8 ;  G a u l d  1 9 8 4 b ) . .  A  n u m b e r  o f  b i o l o g i c a l  e l e m e n t s  

a r e  t r e a t e d  h e r e  e s p e c i a l l y  w i t h  r e g a r d  t o  h o w  h o s t - p r e f e r e n c e s  m a y  

h a v e  e v o l v e d .  T h e  i n t e n t i o n  i s  t w o f o l d :  f i r s t ,  t o  u s e  t h e  t r e e  

o b t a i n e d  i n  c h a p t e r  3 ( f i g  3 . 2 7 )  t o  c o n s t r u c t  h y p o t h e s e s  a b o u t  

b i o l o g i c a l  c h a n g e s  d u r i n g  e v o l u t i o n a r y  h i s t o r y ;  s e c o n d ,  t o  u s e  

b i o l o g i c a l  t r a i t s  t o  s h e d  s o m e  l i g h t  o n  t h e  p h y l o g e n e t i c  

r e c o n s t r u c t i o n  o f  t h e  g r o u p .

T a b l e  4 . 1  g i v e s  a  b r i e f  s u m m a r y  o f  t h e  h o s t - a s s o c i a t e d  b i o l o g i e s  o f  

t h e  g r o u p .  T h e s e  b i o l o g i e s  w i l l  t h e n  b e  c o n s i d e r e d  i n  d e t a i l  f r o m  a n  

e v o l u t i o n a r y  p e r s p e c t i v e  a n d  s c e n a r i o s  c o n s t r u c t e d .  T h e  p o e m e n i i n e s  

a r e  i n c l u d e d  a s  t h e  o u t g r o u p  i n  t h e s e  d i s c u s s i o n s ,  a n d  t h e  r h y s s i n e s  

a r e  m e n t i o n e d  b r i e f l y .  A  f u l l  d i s c u s s i o n  o f  r h y s s i n e  b i o l o g y  i s  

p o s t p o n e d  u n t i l  c h a p t e r  5 .

F i g  4 . 1  s h o w s  t h e  p h y l o g e n y  o f  t h e  g r o u p  w i t h  h o s t - p r e f e r e n c e  a n d  

o t h e r  l i f e w a y  i n f o r m a t i o n  s u p e r i m p o s e d  o n  t h e  n o d e s  o f  t h e  

h y p o t h e t i c a l  t r e e .  E a c h  n o d e  w i l l  b e  d i s c u s s e d  i n  t u r n ,  a n d  

h y p o t h e s e s  m a d e  a b o u t  h o w  h o s t - p r e f e r e n c e s  a n d  h o s t  m i c r o h a b i t a t  

p r e f e r e n c e s  m i g h t  h a v e  e v o l v e d .  T h e  m a j o r i t y  o f  p i m p l i n e s  a r e  

i d i o b i o n t s  a n d  a r e  n o t  n o r m a l l y  a s s o c i a t e d  w i t h  o n e  p a r t i c u l a r  h o s t -  

g r o u p ,  b u t  w i t h  w h a t  i s  b e s t  t e r m e d  " h o s t  m i c r o h a b i t a t " .  F o r  t h i s  

r e a s o n ,  t h e  d i s c u s s i o n  w i l l  c e n t r e  a r o u n d  m i c r o h a b i t a t  c h a n g e s  r a t h e r  

t h a n  h o s t - a s s o c i a t i o n s .
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15
31
32 
1 
2
3
4
5
6
7
8
9
10 
11
12
14
13
18
22
16 
17 
21 
20
19
23
24
30
25
26
27
28 
29
35
38
36
37
33

Ac = a. ss o associate iated with, aculeates .in old wood-burrows; wipe,, deeply, concealed, npsts in dead wood; w =
deeply ~ ~ c qncealecT~Rost's "in - soft-' pllnt tissue; SI =.hosts, associated with silk; Gp = gregarious ectoparasitoids of Repidoptera pupae; SE =_ associated spider egg sacs,; Ct = places ^egg on cephaJLpthorax _ of soider.; Ap, = ,piaces eg,g on abMaen of spider;. Hy? =

?:^edominantly nyperparasitoids?; Cl = cieptoparasitic on nyssmes.
Fig 4.1. JJost and microhabitat associations superimposed on tree of pimplme data set.
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Table 4 .1 . Host p re fe re n c e  summaries

A ll the  g en era  have th e  fo llo w in g  b a s ic  h o s t r e l a t i o n s  u n le s s  o th e rw ise  
s t a te d :  s o l i t a r y  i d i o b i o n t  e c t o p a r a s i t o i d s  o f  im m a tu re  e n d o p t e r y g o t e  i n s e c t s .

E x e r i s t e s P r in c i p a l ly  L e p id o p te ra  la rv a e  
in  s o f t  p la n t  t i s s u e ;  e s p e c ia l ly  
T o r t r i c id a e  p ro ducin g  r e s i n -  
e x u d a tio n s  in  p in e s .
Recorded as h y p e rp a r a s i to id .

Thorpe & Caudle 
(1938); J u i l l -  
i e t  (1959);
F i t t o n  e t  a l  (1988)

E ndrom opoda S te m - in h a b itin g  o r g a l l ­
making h o s ts  a s s o c ia te d  w ith  
m onocotyledons ( e s p e c ia l ly  
G ram inae). C ephidae, 
N o c tu id ae , C h lo ro p id ae .

F i t t o n
(1988)

e t  a l

A f r e p h i a l t e s S e s i id a e  in  s a llo w . F i t to n
(1*988)

e t  a l

E p h i a l t e s P red o m in an tly  a c u le a te  
Hymenoptera in  o ld  tu n n e ls  
o f w ood-boring  i n s e c t s .

F i t t o n
(1988)

e t  a l

L io tr y p h o n H osts i n  t h in  p la n t  t i s s u e  
( g a l l s ,  tw ig s , b a rk , n u ts ,  
f r u i t )  and o ld  w orkings 
o f w ood-boring  i n s e c t s .  
( T o r t r i c id a e ,  C o ss id ae , 
S e s i id a e ,  G eo m e trid ae ).

B a r r e t t
F i t t o n
(1988)

(1932); 
e t  a l
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Tow nes i  a

P a r a p e r i  th o u s

D o l ic h o m i tu s

A c r o p im p la

G re g o p im p la

I s e r o p u s

T ro m a to b ia

A cu lea te s  in  f a i r l y  o ld  
t im b e r . (S phecidae, 
M egach ilid ae)

P B ee tle s  under lo o se  bark  
(Ceram bycidae?)

W ood-boring i n s e c t s .  Some 
reco rd ed  from g a l l - fo rm e rs  
in  R o sa . Recorded as h ig h ly  
p o lyphagous. Ceram bycidae, 
S c o ly t id a e , C u rc u lio n id a e .

G regario u s p a r a s i to id s  of 
L e p id o p te ra  pupae and 
prepupae in  la r g e  f l im sy  
cocoons. L asiocam p id ae .

As A c r o p im p la .

As A c r o p im p la

P s e u d o p a ra s ito id s  (p re d a to rs )  
on su c c e s iv e  eggs in  more o r 
l e s s  exposed s p id e r  egg s a c s .  
S p id e r i s  n o t s tu n g .

113

J u s s i l a  & 
Kapyla (1975); 
F i t to n  e t  a l  
(1988)

F i t to n  e t  a l  
(1988)

K ish i (1970a, 
1 97 0 b ); V o llg e r 
(1972); Grego- 
i r e  (1976); 
F i t to n  e t  a l  
(1988)

F i t to n  e t  a l  
(1988)

y

F i t to n  e t  a l  
(1988)

F i t t o n  e t  a l  
(1988)

F i t to n  e t  a l  
(1987); N ie lse n  
(1923); F i t to n  
e t  a l  (1988)



Z a g ly p tu s

C l i s to p y g a

P se u d o p im p la

D r e is b a c h ia

S c b iz o p y g a

A c r o ta p b u s

P h ilo d ro m id a e , A ran e id ae , 
T e tr a g n a th i id a e ,  L in y p h iid a e .

P s e u d o p a ra s i to id s  on egg sacs  
and m ature s p id e r s .  S p ider 
may be s tu n g . E s p e c ia l ly  on 
s p id e r  egg sac s  in  r o l le d  
le a v e s .  C lu b io n iid a e .

P s e u d o p a ra s i to id s  of d eep ly  
co n cea led  s p id e r  egg cocoons. 
S p id e r i s  p ro b ab ly  no t s tu n g . 
S e g r e s t r i id a e ,  C lu b io n iid a e .

H a r t ig i in e  s a w f lie s  w ith in  
canes o f R u bu s.

K o in io b io n t p a r a s i t o id s  of 
im m ature s p id e r s  in  con cea led  
h a b i t a t s .  Lays egg on th e  
c e p h a lo th o ra x . C lu b io n iid a e .

K oinob io n t p a r a s i to id s  o f sub­
a d u l t s ,  a d u l ts  and im mature 
s p id e r s  in  con cea led  h a b i t a t s .  
Lays egg on c e p h a lo th o ra x . 
C lu b io n iid a e .

K oinob ion t p a r a s i to id s ?  
R eared from a T e tra g n a th id  
s p id e r  in  C osta  R ica (G auld,

F i t to n  e t  a l  
(1987); N ie lse n  
(1935); F i t to n  
e t  a l  (1988)

F i t to n  e t  a l  
(1987); F i t to n  
e t  a l  (1988); 
N ie lse n  (1929)

B ruzzese  (1982)

F i t to n  e t  a l  
(1987); F i t to n  
e t  a l  (1988)

F i t to n  e t  a l  
(1987); F i t to n  
e t  a l  (1988)

Gauld (p e rs  
comm)
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p e r s  c o m m ) .

A c r o d a c t y la

P i o g a s t e r

O x y r r h e x is

P o ly s p h in c ta

S in a ra c h n a

Z a ty p o ta

K oinob ion t p a r a s i to id s  of a d u lt  
and im m ature w eb-sp inn ing  
s p id e r s .  Lays egg on abdomen. 
L in y p h iid a e , M e ttid a e , 
D ic ty n id a e , T e tra g n a th id a e .

No h o s t  r e c o rd s .

K oinob ion t p a r a s i t o id s .  Only 
r e l i a b l e  re c o rd  from a 
T h e r id i id  s p id e r .

K o in io b io n t p a r a s i to id s  of 
a d u l t  and im m ature a ra n e id  
s p id e r s .  Lays egg on 
abdomen.

K oinob ion t p a r a s i to id s  of 
a d u l t  and im mature a ra n e id  
s p id e r s .  Lays egg on 
abdomen. A ran e id ae , 
( D ic ty n i id a e ) .

K oinob ion t p a r a s i to id s  of 
a d u l t  (commonly) and 
im m ature T h e r id i id  s p id e r s .

F i t to n  e t  a l  
(1987) , N ie lse n  
(1937) , Howell 
& P ienkow ski 
(1972); F i t to n  
e t  a l  (1988)

F i t to n  e t  a l  
(1987); F i t to n  
e t  a l  (1988)

F i t to n  e t  a l
(1 9 8 7 ) ; F i t to n
(1 9 8 8 ) ; N ie lse n

(1928) .

F i t to n  e t  a l  
(1987) ; V incen t 
(1979); F i t to n  
e t  a l  (1988)

F i t to n  e t  a l  
(1987) ; F i t to n  
e t  a l  (1988)
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I t o p l e c t i s

A p e c h th i s

P im p la

S t r o n g y l o p s i s

X a n th o p im p la

E n d o p a ra s ito id s  of e a s i ly Cole (1959,
a c c e s ib le  b u t weakly 1967); Horn
c o n cea led  o r cocooned sm all (1974); Hard
L e p id o p te ra  pupae (b ro ad ly (1976); L eius
" m ic r o le p id o p te r a " ) . A lso (1960); Glow-
p s e u d o h y p e rp a ra s ito id a c k i (1966);
d ev e lo p in g  upon ichneum onoids T ogashi (1974)
in  L e p id o p te ra  pupae. O ther ; Ward & P ie n -
e n d o p te ry g o te  pupae a re  a ls o kowski (1978);
a t ta c k e d  (D ip r io n id a e , F i t to n  e t  a l
C h ry so m e lid a e ). Host (1988)
fe e d in g .

E n d o p a ra s ito id s  of somewhat Cole (1967);
w rig g ly  exposed o r p o o rly F i t to n  e t  a l
c o n cea led  L ep id o p te ra (1988)
pupae. Host fe e d in g .

E n d o p a ra s ito id s  of L ep id o p te ra C arton  (1971,1!
pupae, o f te n  th o se  con cea led Graham (1946);
in  moss o r s o i l .  O v ip o s its Osman (1978);
in to  h a rd  cocoons o r pupae. S in d ia n  (1979)
P la c e s  egg c a r e f u l ly  in  2-3 F i t t o n  e t  a l
segm ent o f h o s t abdomen. (1988)
O ther e n d o p te ry g o te  pupae a re
a ls o  a t ta c k e d  (Ceram bycidae;
S y rp h id a e ) . O c c a s io n a lly
re c o rd e d  as pseudoh y per­
p a r a s i t o i d .  Host feed in g .~

No h o s t  r e c o rd s .

E n d o p a ra s ito id s  o f L e p id o p te ra Gupta (1987);
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T h e ro n ia

P e r i th o u s

D e lo m e r is ta

P s e u d o r h y s s a

P oem en ia

pupae in  exposed o r sem i- 
exposed s i t u a t i o n s ,  many 
a t ta c k  exposed pupae 
a t ta c h e d  to  t r e e s  and sh ru b s .

E n d o p a ra s ito id s  and 
h y p e rp a r a s i to id s  of medium 
to  la r g e  cocooned or 
naked L e p id o p te ra , s i t u a t e d  
more or l e s s  in  th e  f i e l d  
o r sh ru b  l a y e r .  One subgenus 
i s  a p a r a s i t o id  of sp h e c id s .

A cu lea te  Hymenoptera in  
e x c a v a tio n s  made by wood­
b o rin g  i n s e c t s .

Cocoons of s a w f lie s  in  
p la n t  t i s s u e .  P seudohyper- 
p a r a s i t o id  of Ichneum onoidea.

C le p to p a ra s i to id s  of rh y ss in e  
icneum onids.

P a r a s i to id s  of sp h e c id s  in  
dead wood.
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G a u ld  ( p e r s
comm)

S hort (1978); 
Gupta (1987); 
Glowacki (1966)

Danks (1971); 
Van L ith  (1974) 
; F i t to n  e t  a l  
(1988)

M orris e t  a l  
(1937); F i t to n  
e t  a l  (1988)

S pradbery  (1969, 
1 9 7 0 a); S k inn er 
& Thompson 
(1960); Thomp­
son (p e rs  comm)

W estrich  (1980); 
F i t to n  e t  a l  
(1988)



D e u te r o x o id e s W ood-boring b e e t le s  in  hard  F i t to n  e t  a l  
wood. C eram bycidae. (1988); A ubert

(1969)

P o d o s c h i s tu s W ood-boring b e e t le s  in  hard  F i t to n  e t  a l  
wood. C eram bycidae. (1988)

N e o x o r id e s W ood-boring b e e t le s  in  hard  Townes (1969) 
wood. C eram bycidae,
B u p re s tid a e .

t
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4 .2 .  NODE 1: (o u tg ro u p s ) , th e  Poemeninae and R hyssinae

H o l o p h y l e t i c  g r o u p s  c h a r a c t e r i s e d  b y  t h i s  n o d e : The
poem eniines as a h o lo p h y le t ic  group a re  in  t h i s  c a te g o ry , 
as a r e  t h e  r h y s s i n e s  an d  l a b e n i n e s .  D o r y c t i n e  b r a c o n i d s  
and x o r i d i n e s  a r e  a l s o  r a t h e r  m ore d i s t a n t  o u t g r o u p s ,  b u t  
a r e  p r o b a b l y  b e s t  p l a c e d  h e r e .  A l l  t h e  d i s c u s s i o n s  b e lo w ,  
t h e r e f o r e ,  c o n c e n t r a t e  on t h e  p o e m e n i i n e s  a s  t h e  p r o b a b l e  
s i s t e r  g r o u p  o f  t h e  p i m p l i n e s .  T h e r e  a r e  tw o m i c r o h a b i t a t s  
in  t h i s  g roup .

4 .2 .1 .  M ic ro h a b ita t  1 : H ard, dead wood

T h is  h o s t  r a i c r o h a b i t a t  c o n s i s t s  o f n e w l y - f a l l e n  o r  r e l a t i v e l y  
u n co lo n ised  t r e e s ,  lo g s  and la r g e  tw igs th a t  have no e x c a v a tio n s  o r 
e x te n s iv e  c r a c k in g .  The h o s t s  a r e  w o o d -b o rin g  o r w o o d -p ro b in g  
in s e c t s  l iv i n g  deep below th e  b a rk .

A d a p t i v e  c h a r a c t e r  s u i t e : The w id e ly  o b se rv e d  a d a p ta t i o n s  in  
p a r a s i to id s  whose h o s ts  l i v e  in  t h i s  m ic ro h a b ita t  a re  r e l a t e d  to  two 
s e p a ra te  b u t connected  p h y s ic a l  problem s caused  by th e  h a rd n ess  of 
th e  s u b s t r a t e :  F i r s t ,  how to  g e t an egg onto  th e  h o s t -  t h i s  i s  a 
d r i l l i n g  problem ; second , how to  g e t o f f s p r in g  out of th e  s u b s t r a t e  -  
t h i s  i s  an e g re s s  problem . The r e s u l t i n g  a d a p tiv e  c h a ra c te r  s u i t e  i s  
p e rv a s iv e  b o th  w ith in  and o u ts id e  th e  ichneum onids and i s  shown below 
(Table 4 .2 . ) .
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Table 4.2. Adaptive character suite in deep wood associated parasitoids.

Character Poe. Col. Xor. Rhy. Dor. Ste.. Lio. Lab.

1. ovipositor 
teeth + 4 X + + + +

2. long, stout 
ovipositor 4. + + + + + + 4-

3. long thin 
legs 4- + + X X X (+) +

4. Extended 
tergite + + + t - + (+) +

5. Clypeal 
tooth - + (-) + (-) + H -

6. Snail 
clypeus + + + + + + - +

7. Flattened 
thorax + - (-) - t ■f - (“ )

8. Post-genal 

bridge + + + + + +
*

+ +

9. Expanded 
wide heads + + + + + + + +

10. Nesoscutal 
ridges ( + ) - - t (+) (+) + +

Key: Poe. - Poeieniinae (including Pseudorhyssa); Co l.- Coleocentrus;
Xor. - Xoridinae; Rhy. - Rhyssinae; Dor. - doryctine Braconidae; Ste.
- Stephanidae; Lio. - Liopteridae and Ibaliidae; Lab.- Labeninae.
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C h a r a c te r s  1-3 a r e  known to  be r e l a t e d  to  o v i p o s i t i o n ,  w h ile  
c h a ra c te r s  3-10 a re  presum ed to  r e l a t e  to  e n a b lin g  easy  escap e  from 
th e  s u b s t r a t e .  I t  i s  i n t e r e s t i n g  to  n o te  how th e  p a r a l l e l  ty p es  of 
a d a p ta t io n  ta k e  d i f f e r e n t  form s in  d i f f e r e n t  g ro u p s  ( t a b l e  4 .2 ,  
above). D o ry c tin e  b ra c o n id s , fo r  exam ple, never seem to  p o sse s s  an 
e lo n g a te  t e r g i t e  9 (H u d d le s to n  p e r s  comm), w h ile  l i o p t e r i d s  and 
i b a l i i d s  h a v e  an e x te n d e d  t e r g i t e  9 t h a t  i s  a s s o c i a t e d  w i th  a 
d i f f e r e n t l y  h ig h ly  s p e c i a l i s e d  o v ip o s i to r  complex (F ergusson  1988).

M andibles of a l l  th e  g roups seem to  show a b ro ad en in g  (a c o r r e la t e  
of c h a ra c te r  9 ) . Most g roups have g r e a t ly  in c re a s e d  head w id th s and 
p o s t - g e n a l  b r id g e s  -  t h e s e  c h a r a c t e r - s t a t e s  a r e  r e l a t e d  to  th e  
developm ent of la r g e  m uscles fo r  the  m an d ib les .

S tru c tu re s  th a t  a re  p resum ably  inv o lv ed  in  an ch o rin g  th e  head d u rin g  
th e  e x c a v a t io n  o f an e x i t  tu n n e l  ( c h a r a c t e r s  5 and 10) a r e  q u i t e  
v a r ia b le .  For exam ple, n e i th e r  d o ry c t in e s ,  l i o p t e r i d s  nor i b a l i i d s  
p o s s e s s  a c ly p e a l  t o o t h ,  a s t r u c t u r e  w hich i s  fo u nd  in  s e v e r a l  
ichenum onid  g ro u p s ;  in  i t s  p la c e  a l l  t h r e e  g ro u p s  have a c ly p e a l  
n o tc h . In  s t e p h a n id s  a r i n g  o f s t o u t  s p in e s  on th e  h ead  seem to  
p e rfo rm  an a n a la g o u s  h e a d - s te a d y in g  f u n c t i o n .  The s p e c ie s  o f th e  
b r a c o n id  g e n u s  A s c o g a s t e r , w h ich  a r e  p a r a s i t o i d s  o f  e x p o s e d  
le p id o p te ra  eggs o f te n  a ls o  have a c ly p e a l  to o th  even though th ey  do 
no t appear to  be em rging th rou gh  a h ard  s u b s t r a te  (H uddleston  1 984). 
This p erh ap s sounds a w arning  n o te  about e x t r a p o la t in g  too  f a r  from 
a p p a r e n t ly  a n a la g o u s  s t r u c t u r e s ;  th e y  may o f t e n  h av e  e v o lv e d  to  
perform  e n t i r e l y  d i f f e r e n t  t a s k s .

M e s o s c u ta l  r i d g e s  ( c h a r a c t e r  10) a r e  fo u n d  t h r o u g h o u t  t h e  
groups (and in  a n o th e r deep w o o d -asso c ia ted  g roup , th e  a u l a c i d s ) . The 
head and p ro po dea l re g io n s  of d o ry c tin e s  a r e - o f te n  r a i s e d  in to  r id g e s  
bu t th e  mesoscutum i s  r a r e l y  f u l l y  r id g e d , a p a r t i c u l a r l y  good example 
of t h i s  b e in g  in  th e  N e o tro p ic a l  sp e c ie s  B o b a r t i e l l u s  c o r n u tu s  (Marsh 
1983) where a l l  b u t th e  a n t e r io r  end of th e  mesoscutum i s  c le a r  o f 
s c u lp tu r e  w h ile  t h e r e  i s  e x te n s iv e  s c u l p t u r i n g  on th e  head  and 
propodeum. T his i s  a ls o  t r u e  of v a r io u s  h e lc o n in e  b ra c o n id s  (see  th e  
drawing of H e lc o n  t a r d a t o r  in  van A ch terberg  (1 9 8 7 )) . T h is p a t t e r n
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d if f e r e n c e  between ichenum onids and b ra co n id s  im p lie s  t h a t  th e re  i s  a 
p h y l o g e n e t i c a l l y  r e l a t e d  a s p e c t  o f th e s e  a d a p ta t i o n s .  D i f f e r e n t  
taxonom ic g ro u p in g s  a r e  re s p o n d in g  w ith  d i f f e r e n t  m o rp h o lo g ic a l  
s o lu t io n s  to  th e  same g e n e ra l  p h y s ic a l  problem .

A f l a t t e n e d  th o ra x  ( c h a r a c te r  7) i s  commonly p re s e n t  amongst wood- 
a s s o c ia te d  g ro u p s. I t  i s  n o t c le a r  th en  why rh y s s in e s ,  most x o r id in e s  
and C o le o c e n t r u s  sh o u ld  n o t have t h i s  m o d if ic a tio n . I t  may be r e l a t e d  
to  th e  s i z e s  of in d iv id u a l s  in  th e  v a r io u s  g ro u p s. T his a d a p ta t io n  has 
been shown, in  s e v e r a l  Hymenoptera g ro u p s , to  be an a d a p ta t io n  fo r  
w rig g lin g  o u t under b a rk  and o th e r  s u b s t r a te s  l a i d  down as h o r iz o n ta l  
p la n e s  (Day, p e r s  comm). L a rg e  i n s e c t s  m ight s im p ly  be u n a b le  to  
w rig g le  betw een th e  b a rk  and th e  wood i t s e l f  however d o r s o - v e n ra l ly  
f l a t t e n e d  t h e i r  th o ra c e s  becam e. Some in d i r e c t  ev id en ce  f o r  t h i s  i s  
g iven  by c o n s id e r a t io n  o f th e  X o rid in a e ; th e r e ,  o n ly  th e  genus w ith  
th e  s m a l le s t  s p e c ie s  (A p lo m e r u s ) shows th e  f l a t t e n e d  c o n d it io n .

The g e n e r a l  tax o n o m ic  d i s t r i b u t i o n  o f th e  s t a t e s  i n  th e  above 
ichneum onid and b ra c o n id  ta x a ;  th a t  i s ,  in  groups c lo s e  to  th e  b ase  
of th e  ich n eu m o n o id  s t o c k ,  s u g g e s ts  t h a t  a deep  w o o d - a s s o c ia te d  
h a b i t  as a whole i s  p le s io m o rp h ic . Looking a t  th e  p im p lin e s , t h i s  i s  
b o rne  o u t by a c o n s i d e r a t i o n  o f b io l o g i e s  i n  th e  o u tg r o u p s .  The 
L aben inae , R hy ssin ae , X o rid in a e  and A ca e n itin a e  a re  a l l  g roups whose 
most p r i m i t i v e  members a r e  a s s o c i a t e d  w ith  h o s t s  d e e p ly  c o n c e a le d  
w ith in  d ead  wood. I t  s h o u ld  be em p h asised  t h a t  n o t a l l  o f th e s e  
groups a re  w o o d -bo re rs , b u t a l l  a re  a s s o c ia te d  w ith  wood, as b o re r s  
o r p ro b e rs .  The o n ly  o u tg ro u p  t h a t  i s  n o t p red o m in an tly  a s s o c ia te d  
w ith  wood i s  th e  T ry p ho n in ae , and even h e re  th e  genus t h a t  i s  assumed 
to  be most p r im i t iv e  -  Id io g ra m m a  i s  a p a r a s i t o id  of d ee p ly  co n cea led  
xylophagous h o s t s :  x y e l id s  in  th e  male cones of P in aceae  (B u rd ick , 
1961). —

E v o l u t i o n a r y  s i g n i f i c a n c e : T h is  sheds some l i g h t  on th e  e v o lu t io n  
o f th e  P im p lin a e . The a n c e s t r a l  p im pline  i s  l i k e l y  to  have been an 
e c to p a r a s i to id  id io b io n t  a s s o c ia te d  w ith  deep l iv in g  la r v a e ,  p ro b ab ly  
H ym enoptera . I f  t h i s  i s  so  th e  poem en in es and c o l e o c e n t r in e s  a r e  
showing th e  p r im i t iv e  b io lo g ic a l  c o n d it io n  from which th e  p im p lin e s
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(as d e fin ed  h o lo p h y le t ic a l ly  in  c h a p te r  3) a re  d e r iv e d . The p o s i t io n  
of the  w o o d -asso c ia ted  g roups in  the  f i n a l  h y p o th e t ic a l  t r e e  d iagram  
( f ig  4 .1 ) s t ro n g ly  s u p p o rts  t h i s .

One im p o rtan t p o in t  must be made to  avo id  c o n fu s io n . W ood-boring in  
i t s  s t r i c t e s t  s e n s e  i s  u n d o u b te d ly  a s p e c i a l i s e d  l i f e w a y  t h a t  h as  
evolved s e v e r a l  tim es (as shown by th e  d i f f e r e n t  ways t h a t  wood b o re rs  
have evolved  complex b o r in g  m echanism s). The p r im i t iv e  a n c e s to r  may 
have been b o r in g  some way i n t o  wood o r p ro b in g  th ro u g h  e x i s t i n g  
o v ip o s i t io n  tu n n e ls  of th e  h o s t .  I t  i s  n o t su g g ested  t h a t  w ood-borers 
which a re  d r i l l i n g  th ro u g h  s e v e r a l  in ch es  of wood a re  e x h ib i t in g  th e  
a n c e s t r a l  l i f e w a y .  In  f a c t ,  th e  o v i p o s i t i o n a l  m ech an ism  i s  o f  
secondary  e v o lu t io n a ry  im portance  -  th e  r e a l l y  im p o rta n t f a c to r  i s  
t h a t ,  however easy  i t  may be to  g e t deep in to  th e  wood (by e x p lo i t in g  
th e  h o s ts  o v ip o s i t io n  tu n n e l fo r  example) g e t t in g  o u t o f th e  wood i s  
th e  r e a l  problem . An in s e c t  d ev e lo p in g  deep in  wood w i l l  have to  e x i t  
near v e r t i c a l l y  (and rh y s s in e s  a t  l e a s t  c le a r ly  do) -  t h i s  means th a t  
they  need to  anchor t h e i r  b o d ies  in s id e  th e  em ergence tu n n e l .  The 
a d a p ta t io n s  a s s o c i a t e d  w ith  t h i s  a n c h o r in g  a re  fu n d a m e n ta l  to  th e  
w oo d -assoc ia ted  h a b i t .

Two r e l a t e d ,  l o g i c a l  s c e n a r i o s  can  now be p r o p o s e d  f o r  th e  
e v o lu tio n  of th e  c l e p t o p a r a s i t i c  P s e u d o r h y s s a  from a pbemenine c lo s e  
to  t h i s  a n c e s t r a l  fo rm , g iv e n  w hat i s  now s u p p o s e d  a b o u t  th e  
phylogeny of th e  group (c h a p te r  3 ) .

(1) P re -a d a p te d  a s  a w o o d -b o re r and so  a b le  to  g a in  e g r e s s  from  
deep ly  con cealed  s i t u a t i o n s ,  i t s  e v o lu tio n  can be c o n s id e re d  as th e  
e x p l o i t a t i o n  o f a n o th e r  s i m i l a r l y  a d a p te d  s p e c i e s '  o v i p o s i t i o n  
b eh av io u r. T his would le a d  to  th e  p re s e n t  s i t u a t io n  where P s e u d o r h y s s a  
s p e c i e s  h av e  d e v e lo p e d  much t h i n n e r  o v i p o s i t o r s  and  a p r o b in g  
o v ip o s i t io n  b eh av io u r which i s  s e c o n d a r ily  d e r iv e d . From th e  p o in t  of 
view of e n e rg e t ic s  i t  seems more econom ical to  l e t  a n o th e r  in d iv id u a l  
do your d r i l l i n g  f o r  you , e s p e c ia l ly  as t h i s  p ro c e ss  may ta k e  over 30 
m in u te s  t o  c o m p l e te  ( s e e  c h a p t e r  6 ) .
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(2) P re -a d a p te d  as a deep wood p ro b e r and a b le  to  g a in  e g re s s  from 
d ee p ly  c o n c e a le d  s i t u a t i o n s ;  and a l s o  p r e - a d a p te d  to  th e  u se  o f a 
h o s t 's  o v ip o s i t io n  tu n n e l .  The swap from h o s t to  p a r a s i to id  i s  en v isag ed  
as a sim ple  s te p  from xylophagous h o s t to  p a r a s i to id ,  b u t r e t a in in g  
e s s e n t i a l l y  th e  same l if e w a y .

I t  i s  d i f f i c u l t  to  d ec id e  which of th e s e  p o s s i b i l i t i e s  may a c tu a l ly  
have o c c u r e d .  One way to  lo o k  a t  t h i s  w ould  be to  e x am in e  th e  
o v ip o s i t io n a l  b eh av io u r of a p a r a s i t o id  in  the  poem eniine c la d e  which 
i s  l e s s  d e r iv e d  th an  P s e u d o r h y s s a .  U n fo r tu n a te ly , P s e u d o r h y s s a  i s  th e  
l e a s t  d e r iv e d  poem en iine, and th e r e f o r e  i t  i s  n o t p o s s ib le  to  t e l l  
w hether i t s  a n c e s to r  i s  l i k e l y  to  have been a p ro b e r o r a b o re r .

4 .2 .2 .  M ic ro h a b ita t  2 a : A cu le a te s  in  p r e - e x i s t i n g  w orkings

T his h o s t m ic ro h a b ita t  c o n s i s t s  of a c u le a te s  th a t  b u i ld  n e s ts  in  o ld  
e x cav a tio n s  of w ood-boring i n s e c t s .  The h o s ts  a re  u s u a l ly  S ph ecid ae , 
M egachilidae o r V esp idae . One genus amongst the  poem enines (P o e m e n ia ) 
e x p lo i ts  t h i s  m ic ro h a b ita t ,  and so do s e v e r a l  of th e  ing ro up  ta x a .  
The m ic ro h a b ita t  w i l l  be d is c u s s e d  h e re  as an advanced f e a tu r e  of th e  
poem eniines and th en  r e f e r r e d  to  as each c la d e  i s  d is c u s s e d .

F u n c t io n a l  a d a p t a t i o n s ' .  The -fchrtt. m ost s t r i k i n g  a d a p ta t io n s  a r e :  
f i r s t ,  th e  developm ent of u nequal le n g th s  o f m andibular t e e th ;  second , 
th e  tw is t in g  o f th e  end o f th e  o v ip o s i to r ;  t h i r d ,  a g e n e ra l re d u c t io n  
in  s c u lp tu r e  on th e  t h o r a x .  E s s e n t i a l l y ,  t h i s  i s  a s p e c i a l i s e d  
o ffsh o o t o f th e  s o f t  woody p la n t  t i s s u e  m ic ro h a b ita t  (m ic ro h a b ita t  3 ) .

E v o l u t i o n a r y  s i g n i f i c a n c e :  As w i l l  be shown l a t e r ,  s e v e r a l  g roups of 
th e  ing roup  (p im p lin es) e x p lo i t  t h i s  m ic ro h a b ita t  and show one o r more 
of th e  a d a p ta t i o n s  a b o v e . T h is  i s  a l s o  t r u e  o f th e  more d i s t a n t  
outgroup  l in e a g e  -  th e  L aben inae (G auld, 1983, 1988). In  a l l  g roups 
th e  lifew a y  has c l e a r l y  evo lved  from a deep w o o d -asso c ia ted  a n c e s to r ,  
and i s  apom orphic.
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4.3. NODE 2: The Pimplinae ( s e n s u  s t r i c t o )

H o l o p h y l e t i c  g ro u p  in  t h i s  c a t e g o r y :  The P im plinae  s e n s u  s t r i c t o , as 
re d e f in e d  in  c h a p te r  3.

This node does n o t c h a r a c t e r i s e  a p a r t i c u l a r  m ic ro h a b ita t ,  b u t a 
c la s s  of m i c r o h a b i t a t s  ( 2 to  8 ) .  T h is  c l a s s  le a d s  away g r a d u a l ly  
from deep h o s t s  in  new ly  f a l l e n  tim b e r to  more ex p o sed  h o s t s .  In  
e s s e n c e , th e  s h i f t  away from  deep  w o o d - a s s o c ia t io n s  i s  apo m orp h ic  
(b io lo g ic a l ly )  fo r  th e  whole of th e  p im p lin e s , and th a t  apomorphy i s  
one of a rep lacem en t o f wood s p e c i a l i s a t io n s  w ith  th o se  d e a l in g  w ith  
h o s ts  away from wood. The p r im i t iv e  members of t h i s  c la d e , e s p e c ia l ly  
D o l i c h o m i t o u s  a r e  c l e a r l y  d eep  wood p r o b e r s ;  b u t ,  e x c e p t  f o r  th e  
p resence  of r a th e r  s to u t  m an d ib le s , t h i s  group does no t p o sse s s  th e  
o th e r  deep wood in h a b i t in g  e g re s s  c h a r a c te r s .

4.4. NODE 3: The E p h ia l teg-group

H o l o p h y l e t i c  g r o u p s  in  t h i s  c a t e g o r y : A ll th e  E p h ia l t i n i  w ith  d ipped  
o c c ip i t a l  c a r in a e  ( ta x a  1-11 in  th e  s tu d y  OTUs).

This c la d e  does n o t form a homogenous group b io lo g ic a l ly .  In  f a c t ,
3 s e p a ra te  m ic ro h a b ita ts  a re  embraced w ith in  th e  c la d e . These may be

*i n d i c a t i v e  o f r e a l  h o l o p h y l e t i c  g ro u p s , b u t th e y  a re  n o t e a s i l y  
d is t in g u is h a b le  by th e  p h y lo g e n e tic  a n a ly s is .  The re a so n s  fo r  t h i s  
a re  touched on below .

4 .4 .1 .  M ic ro h a b ita t  3 : s o f t  wood and b ark

T his h o s t m ic ro h a b ita t  c o n s i s t s  of f a l l e n  t r e e s  in  an advanced s t a t e  
of decay (and o f te n  w ith  e x i s t in g  w ood-boring in s e c t  burrow s) o r th e  
b a rk  o f t r e e s  a t  v a r i o u s  s t a g e s  o f d e c a y .  The h o s t s  o f  t h e s e  
p a r a s i to id s  a re  u s u a l ly  C o le o p te ra  (S c o ly tid a e ;  some C u r c u l io n id a e ) , 
L ep id o p tera  ( S e s i id a e ) .
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F u n c t i o n a l  A d a p t a t i o n s : The main d i f f e r e n c e  b etw een  t h i s  and 
m ic ro h a b ita t  1 i s  t h a t  th e  p a r a s i to id s  concerned a re  a l l  p ro b e rs  -  
th a t  i s  th ey  do n o t e x c a v a te  a s i g n i f i c a n t  amount of th e  s u b s t r a te  in  
o rd e r to  reach  t h e i r  h o s t s .  The main m o rpho log ica l s p e c i a l i s a t i o n s  
a re  (a) a lo n g  t h i n  o v i p o s i t o r  (b) la c k  of s c u l p t u r i n g  on th e  
th o ra x ; (c) m andib les w ith  p o in te d  a p ic e s ,  m o d era te ly  w e ll su p p lie d  
w ith  m u sc les , (d) la r g e  c ly p e i  w ith o u t a median to o th .  A ll of th e s e  
c h a ra c te r s  a re  apom orphies f o r  th e  g roup , but none can e a s i l y  be used 
s in c e  th ey  a re  p ed om inan tly  lo s s  c h a r a c te r s  which a re  v ery  l i k e l y  to  
be h o m o p la s tic .

G r o u p s  w i t h i n  t h i s  m i c r o h a b i t a t :  A l a r g e  p r o p o r t i o n  o f th e  
e p h i a l t i n e  g e n e ra  w ith  lo n g  o v i p o s i t o r s  can be in c lu d e d  in  t h i s  
c a te g o ry  (D o l ic h o m i tu s , A f r i e p h i a l t e s ,  L io t r y p h o n ,  P a r a p e r i th o u s )  . 
However, th e y  do n o t form  a c l e a r l y  h o lo p h y le t i c  g ro up  w ith in  th e  
E p h i a l t e s - gro up  -  i t  i s  m ost l i k e l y  t h a t  th e y  a re  p a r a p h y l e t i c . 
D o l ic h o m i tu s  b elongs in  t h i s  group becau se  i t  does no t have deep wood 
e x i t in g  c h a r a c te r s ,  b u t i t  i s ,  in  a t  l e a s t  some s p e c ie s ,  a deep wood 
p ro b e r .

E v o lu t i o n a r y  s i g n i f i c a n c e : th e  p h y lo g e n e tic  d i s t r i b u t i o n  o f deep
w o o d - a s s o c ia te d  g ro u p s  a t  th e  b a s e s  o f  e a c h  l i n e a g e  ( i n  th e  
P oem en inae, X o r id in a e ,  R h y ss in a e  and A c a e n i t in a e )  l e a d s  to  th e  
c o n c lu s io n  t h a t  awood a s s o c i a t i o n  i s  p le s io m o r p h ic . '  H ow ever, th e  
p o s s i b i l i t y  does e x i s t  t h a t  t h i s  a sam pling  a r t e f a c t  b ro ug h t about by 
e x t i n c t i o n s ,  and t h a t  e a ch  deep  wood a s s o c i a t e d  g ro up  h as  e v o lv e d  
i n d e p e n d e n t l y .  T h is  w ou ld  make i t  a p p e a r  a s  i f  a l l  p r i m i t i v e  
ich n eu m o n o id s a re  wood a s s o c i a t e d ,  a l th o u g h  a l l  i t  w ould r e a l l y  
in d ic a te  i s  th a t  th e  o n ly  e x ta n t  members of th e se  p r im i t iv e  g roups 
a re  th e  h ig h ly  s p e c ia l i s e d  w o o d -a sso c ia te d  o nes. I t  may be th a t  wood 
a s s o c ia t io n s  a re  e n e r g e t ic a ly  so exp en siv e  th a t  th ey  have o n ly  r a r e l y  
been ev o lved , and th e  g roups th a t  have suceeded  in  c o lo n is in g  t h i s  
m ic ro h a b ita t  have n o t been o u s te d  by more r e c e n t ly  evo lved  g ro u p s . I f  
t h i s  were th e  case  th en  th e  p r e s e n t ly  d isc u sse d  m ic ro h a b ita t  would 
r e p r e s e n t  th e  apom orph ic  c o n d i t i o n .  H ow ever, th e r e  seem s to  be a 
s tro n g  argum ent a g a in s t  t h i s  s u p p o s i t io n .
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A n e c e s s a r y  c o r o l l a r y  o f  th e  ab o v e  t h e o r y  i s  t h a t  th e  w ood- 
a s s o c ia t io n  in  ichneum onids has evolved  s e v e ra l  t im e s . The problem  
w ith  t h i s  id e a  i s ,  t h a t  a l th o u g h  i t  i s  e a sy  enough to  e n v is a g e  a 
s o f t - t i s s u e  p robing  p a r a s i t o id  la y in g  an egg onto  a w ood-boring h o s t 
la rv a e  through  the  h o s t 's  o v ip o s i t io n  tu n n e l ,  i t  i s  q u i te  c le a r  th a t  
th e  em erging a d u lt  would be t o t a l l y  u n f i t t e d  fo r  em ergence from th a t  
deep ly  concealed  s i t u a t i o n .  T h is would seem p o t e n t i a l l y  to  make th e  
e v o lu tio n a ry  sequence one way -  g e t t in g  in to  d eep ly  co n cea led  wood 
m i c r o h a b i t a t s  w i l l  be  e a s y ,  g e t t i n g  o u t  o f them  w i l l  be v e r y  
d i f f i c u l t .  Perhaps th e  most p arsim on iou s s o lu t io n  i s  to  assume th a t  
th e  p r i m i t i v e  a p o c r i t a n  p a r a s i t o i d s  w ere deep w o o d - a s s o c ia te d  and 
th a t  th e  l e a s t  d e r iv e d  ichneum onoids have never l e f t  t h a t  h a b i t a t .  
The ev idence  th a t  len d s  t h i s  o v e r a l l  h y p o th e s is  most w eight i s  th a t  
th e re  a re  very  few i f  any exam ples of presumed advanced g roups going 
back in to  deep wood m ic ro h a b ita ts  d u rin g  t h e i r  e v o lu t io n a ry  h i s to r y  -  
in  th e  L aben inae, fo r  exam ple, no r e v e r s a l s  of t h i s  k ind  have been 
p o s t u l a t e d  (G a u ld , 1983 ) ;  and  th e  sam e seem s to  a p p ly  to  th e  
A c a e n i t in a e  and P o e m e n iin a e , a l th o u g h  th e r e  i s  much more l im i t e d  
b io lo g ic a l  in fo rm a tio n  fo r  them.

The l a c k  o f s c u l p t u r e  on t h o r a x  and  p ropodeum  fo u n d  in  t h i s  
m ic r o h a b i ta t  g ro u p , and th e  a b sen c e  o f most o f th e  wood e g r e s s  
c h a r a c t e r s  s u g g e s ts  t h a t  th e s e  c h a r a c t e r s  a re  ap o m o rp h ic , and th e  
g e n e ra l  d i f f i c u l t y  o f p h y lo g e n e t ic  p la c e m e n t o f t h i s  c la d e  (se e  
c h ap te r 3) may be due to  t h i s  d e r iv e d  l o s s .

4 .4 .2 .  M ic ro h a b ita t 4 : S o f t  non-woody p la n t  t i s s u e

This m ic ro h a b ita t  c o n s i s t s  o f a re a s  o f p la n t  t i s s u e  such as s tem s, 
le a f  p e t io le s  and f r u i t s .  G a lls  r e p re s e n t  an in te rm e d ia te  p o s i t io n  
as some a re  r e l a t i v e l y  s o f t  and some a re  d e f i n i t e l y  woody. T y p ic a l 
h o s ts  a re  c e r ta in  L e p id o p te ra  (N octu id ae , T o r t r i c id a e ,  C ossidae) and 
D ip te ra  (C h lo ro p id a e ) .

F u n c t io n a l  a d a p ta t io n s ' .  The c h a r a c t e r i s t i c  a d a p ta t io n  i s  a s t o u t ,
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s h o r t  o v i p o s i t o r  w h i c h  i s  u s e d  t o  p r o b e  o r  p u n c t u r e .  The  o v i p o s i t o r
o f t e n  h a s  s t r o n g  t e e t h  a t  t h e  t i p .  T h i s  i s  a l s o  a s s o c i a t e d  w i t h  a
r a t h e r  m o re  r o b u s t  and  l e s s  e l o n g a t e  g a s t e r .

G rou ps i n  t h i s  c a t e g o r y : A nother group of e p h ia l t in e  g en e ra  can be 
in c lu d e d  i n  t h i s  c a t e g o r y ,  and  o n c e  a g a in  th e y  do n o t  fo rm  a 
h o lo p h y le t ic  group (E x e r i s t e s , P s e u d o p im p la , E n drom opoda, Scam hus, 
F re d e g u n d a ) .

E v o l u t i o n a r y  s i g n i f i c a n c e : T h is group may have a r i s e n  o u t of th e  
t im b e r - in h a b i t in g  g en e ra , bu t th e  on ly  p o s i t iv e  ev iden ce  l i e s  in  th e  
shape of th e  g a s te r ,  as m entioned above. I f  p o s se s s io n  of a long  th in  
abdomen i s  p le s io m o rp h ic , as seems l i k e l y  from c o n s id e ra t io n  of th e  
Poemeninae and R hy ssin ae , th en  the  s t a t e  found in  t h i s  group must be 
apom orphic. However, t h i s  i s  c e r t a i n ly  n o t a s tro n g  enough c h a ra c te r  
to  d e l in e a te  a ro b u s t c la d e .

P ro b in g  o v i p o s i t o r s  c a n , w ith  l i t t l e  m o d i f i c a t io n ,  be u sed  to  
p u n c tu re  o r cu t h o le s  in  s o f t  p la n t  s t r u c tu r e s  such as f r u i t .  W ith in  
th e  genus L io tr y p h o n ,  f o r  exam ple, some s p e c ie s  a re  a s s o c ia te d  w ith  
bark  d w e llin g  organism s w h ile  o th e rs  a re  p a r a s i to id s  of such in s e c t s  
as th e  a p p le -  and w a l n u t - i n h a b i t i n g  c o d l in g  m oth . It*  seem s l i k e l y  
th a t  t h i s  ty p e  of m ic ro h a b ita t  a s s o c ia t io n  cou ld  be d e r iv e d  e a s i l y  
from  p a r a s i t o i d  g ro u p s  w ith  a p ro b in g  o v i p o s i t o r  co m p lex . To a 
c e r ta in  e x te n t  t h i s  m ic ro h a b ita t  b lu r s  i n to  th e  p re v io u s  one.

4 .4 .3 .  M ic ro h a b ita t  5: Exposed o r l i g h t l y  co n cea led  pupae

T his m ic ro h a b ita t  c o n s i s t s  of pupae in  l e a f - r o l l s  or in  more exposed 
s i t u a t i o n s .  T y p ic a l  h o s t s  in c lu d e  la s io c a m p id  L e p id o p te r a .  The 
p a r a s i to id s  a re  a l l  g r e g a r io u s .

G rou ps i n  t h i s  c a t e g o r y : As w ith  th e  p re v io u s  two m ic ro h a b ita ts  th e  
gen era  in  t h i s  c la s s  ( th e  jS cropijsp Ia-subgroup: G re g o p im p la , I s e r o p u s ,
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A c r o p im p la ,  S e r i c o p i m p l a ,  s e e  c h a p te r  3) do n o t c l e a r l y  form  a 
h o lo p h y le t ic  group from m o rp h o lo g ica l ev id en ce , a lth o u g h  t h i s  tim e 
th ey  form a much more c lo s e - k n i t  b io lo g ic a l  u n i t .

F u n c t io n a l  a d a p t a t i o n s :  sm a lle r  s i z e ,  a s h o r te r  o v ip o s i to r  and a 
much le s s  e lo n g a te  g a s te r .  However, th e se  th e se  d i f f e r e n c e  g rade in to  
th e  m ic ro h a b ita t  4 a d a p ta t io n s  and th e r e f o r e  a re  n o t s t a b le  enough 
m arkers to  d e l in e a te  th e  A c r o p im p la -subgroup as h o lo p h y le t ic .

E v o l u t i o n a r y  s i g n i f i c a n c e : I t  seem s l i k e l y  t h a t  th e  r e l a t i v e l y  
exposed c o n d it io n  of th e  new h o s ts  meailt th a t  th e  s i lk -c o c o o n s  th ey  
had spun became im p o rtan t lo c a to ry  cues fo r  the  p a r a s i t o i d s .  I t  may 
be th a t  a two s ta g e  p ro c e ss  i s  o ccu rin g  -  the  p a r a s i to id  may respond  
to  th e  h o s t - p la n t  f i r s t  and then  fo cus on the  d e te c t io n  o f cocoons 
(G auld, 1 988). Once ag a in  t h i s  m ic ro h a b ita t  b lu r s  in to  th e  p re v io u s  
one -  e s p e c ia l ly  in  such g en era  as Scam bus.

4.5. NODE 4: Polysphinctini and allies

H o l o p h y l e t i c  g ro u p  d e f i n e d  a t  t h i s  n o d e : A ll of th e  P o ly s p h in c t in i  and 
th e  T r o m a to b ia -group of e p h i a l t in e s .

4 .5 .1 .  M ic ro h a b ita t  6 : S p id e r e g g -sac s

T his m ic ro h a b ita t  c o n s is t s  o f th e  s p id e r  e g g -sac s  of exposed to  d eep ly  
co n cea led  s p id e r s .  T h is p a r a s i to id  l ife w a y  i s  of a p s e u d o p a ra s i to id  
e a tin g  e i t h e r  j u s t  th e  eggs o r the  eggs and th e  dead o r im m o b ilised  
g u a rd in g  s p id e r .  One genus a t  l e a s t ,  Z a g ly p tu s ,  s t i n g s  th e  s p id e r  
(N ie lse n , 1935).

G ro u p s  i n  t h i s  c a t e g o r y : th e  g ro up  d e f in e d  in  t h i s  work as th e  
T ro m a to b i a - group i s  th e  o n ly  one th a t  shows t h i s  h o s t  a s s o c ia t io n .  As 
d is c u s se d  in  c h a p te r  3, t h i s  g ro up in g  i s  und oub ted ly  p a r a p h y le t i c .  
H ow ever, i t  d o e s  r e p r e s e n t  t h e  t r a n s i t i o n a l  s t a g e  b e tw e e n  th e  
A c r o p im p la -subgroup and th e  p o ly s p h in c t in e s , th rou gh  th e  a s s o c ia t io n  
w ith  s i l k .
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F u n c t io n a l  a d a p t a t i o n s : th e  most im p o rtan t fu n c t io n a l  a d a p ta t io n  i s  
th e  p re s e n c e  o f l a r v a l  m edian d o r s a l  t u b e r c l e s ,  one p e r  segm ent 
(S h o rt, 1978; c h a r a c te r  3 3 .1 ) .  Each tu b e rc le  has a c l u s t e r  of hooks 
a s s o c ia te d  w ith  i t ,  and i t  i s  presumed to  a llow  th e  la r v a e  to  move 
around in s id e  th e  s p id e r  egg sac  s i l k .  I n t e r e s t i n g l y ,  S e r ic o p im p la  a 
t r o p i c a l  g en u s in  th e  A c r o p i m p l a - s u b g r o n p , h as  a r a t h e r  l e s s  w e ll  
d ev e lo p ed  v e r s io n  o f t h e s e  h o l d f a s t  s p in e s ,  w hich a r e  u sed  f o r  an 
analogous p urpo se  w ith in  L e p id o p te ra  pupal cocoons (S m ith e rs , 1 956 ). 
S e r i c o p im p la r t h e r e f o r e ,  seems to  re p re s e n t  a t r a n s i t i o n a l  form .

E v o l u t i o n a r y  s i g n i f i c a n c e ' .  The e v o lu tio n  of t h i s  a s s o c ia t io n  can 
c le a r l y  be d e r iv e d  from th e  A c r o p im p la - type  l if e w a y . I t  in v o lv e s  a 
s h i f t  from L e p id o p te ra  s i l k  to  s p id e r  s i l k  which has been d isc u s se d  by 
s e v e ra l  w orkers in  th e  p a s t  (Townes, 1969; Gauld, 1984a, 1984b, 1988; 
A u s t in ,  1 9 8 5 ) . The b i o l o g i e s  o f th e  t h r e e  g e n e ra  in v o lv e d  show a 
g ra d u a l change in  th e  l e v e l  of i n t e r a c t i o n  w ith  th e  g u a rd in g  s p id e r  
(when p re s e n t)  which seems to  im ply t h a t  th ey  o r t h e i r  c lo s e  a n c e s to r s  
a re  th e  fo re ru n n e rs  o f th e  p o ly s p h in c t in e s  (Townes, 1 969).

4.6. NODE 5: the Polysphinctini

H o l o p h y l e t i c  g r o u p s  d e f i n e d  a t  t h i s  n o d e ; The t r i b e  P o ly s p h in c t in i ,  as 
re d e f in e d  in  t h i s  work. *

4 .6 .1 .  M ic ro h a b ita t  7 : F r e e - l iv in g  s p id e r s

T his m ic ro h a b ita t  c o n s i s t s  o f s p id e r s ,  e s p e c ia l ly  th o se  which make 
r e l a t i v e l y  e x t e n s i v e  webs o r  l i v e  i n  c o n c e a le d  r e t r e a t s .  The 
p a r a s i t o i d  l i f e -  way i s  t h a t  o f a k o in o b io n t  e c t o p a r a s i t o i d ;  th e  
s p id e r  b eing  te m p o ra r i ly  p a ra ly s e d , an egg b e in g  l a i d  and then  th e  
s p id e r  r e c o v e r in g  t e m p o r a r i ly  w h ile  th e  p a r a s i t o i d  d e v e lo p s .  The 
d e t a i l s  of s p id e r  taxonomy a re  tak en  from M e rre t t ,  L ocket & M ill id g e  
(1985).

F u n c t i o n a l  a d a p t a t i o n s ' .  As w i t h  t h e  T r o m a t o h i a - g r o u p  t h e
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p o ly s p h in c t in e  la rv a e  have h o ld fa s t  o rg an s on t h e i r  body segm ents -  
how ever, t h i s  tim e  th e y  te n d  to  be p a i r e d .  L a rv ae  a l s o  have v e ry  
d i s t i n c t i v e  h o ld f a s t  o rgans c o n s is t in g  of f i n g e r - l i k e  p ro c e s s e s  which 
e n a b le  them to  a t t a c h  to  th e  s p id e r  (N ie ls e n ,  192 3 , 1928 , 1935, 
1937). A du lts  have ta p e r in g  o v ip o s i to r s  which e n a b le  them to  s t i n g  
th e  s p id e rs  e f f e c t i v e l y ,  and e n la rg ed  f i n a l  t a r s a l  segm ents p ro b ab ly  
to  f a c i l i t a t e  ru nn ing  over s i l k .  A ll th e s e  a d a p ta t io n s  a re  r e l a t e d  to  
d e a lin g  w ith  a c t iv e  s p id e r  h o s ts .

G r o u p s  i n  t h i s  c a t e g o r y :  One h o l o p h y l e t i c  g ro u p  -  t h e  t r i b e  
P o l y s p h i n c t i n i , c o n s i s t i n g  o f fo u r  s e p e r a t e  h o l o p h y l e t i c  l in e a g e s  
(see  c h a p te r  3 ) .  T his i s  c le a r ly  a l ife w a y  th a t  has evo lved  o n ly  once 
amongst th e  p im p lin e s .

The e v o lu t io n  of t h i s  a s s o c ia t io n  fo llo w s on from a Z a g l y p t u s - ty p e  
life w a y , e x cep t t h a t  th e  tim in g  of e v e n ts  i s  changed so t h a t  a se a rc h  
fo r  an eg g -g u a rd in g  s p id e r  i s  re p la c e d  by, p r im i t iv e ly ,  a co n cea led  
su b -a d u lt  s p id e r .  The k o in o b io n t l ife w a y  has en ab led  th e  p a r a s i to id s  
to  a t ta c k  s m a lle r  s p id e rs  which presum ably  pose l e s s  o f a p h y s ic a l  
t h r e a t .  Beyond t h i s  e v o lu t io n a ry  s te p  s e v e ra l  a d d i t io n a l  s h i f t s  can 
be seen .

(1) The D r e i s b a c h i a - group . T his c o n s i s t s  of th e  two a p p a re n t ly  most 
b i o l o g i c a l l y  p r i m i t i v e  g e n e ra  D r e i s b a c h i a  and S c h i z o p y g a .  T hese 
s p e c ie s  a r e  a t t a c k i n g  p re d o m in a n tly  im m ature s p i d e r s  in  c o n c e a le d  
s i t u a t i o n s ,  w h ic h  w ould  seem  to  be a m i c r o h a b i t a t  p r e f e r e n c e  
i n h e r i t e d  from  th e  s p id e r  egg sa c  p a r a s i t o i d s .  In  a d d i t i o n  b o th  
g en e ra  p la c e  t h e i r  eggs on th e  c e p h a lo th o ra x  o f t h e i r  h o s t s .  In  
c o n t r a s t ,  a l l  th e  o th e r  s p id e r  p a r a s i to id s  show a ten d en cy  to  a t t a c k  
more m ature s p id e r s  in  webs of v a r io u s  k in d s ( e s p e c ia l ly  o rb  w eb s), 
and p lace  t h e i r  eggs on th e  abdomen of th e  h o s t .

(2) The O x y r r h e x i s  g ro u p . T h is  g ro up  c o n s i s t s  o f a s i n g l e  g en u s 
(which may be c lo s e  to  P o ly s p h in c ta )  and has o n ly  been re a re d  from a 
t h e r i d i i d  s p id e r .

(3) The P o l y s p h i n c t a - g r o w p . T h is  c o n s i s t s  o f th e  c o s m o p o li ta n
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g en u s  P o l y s p h i n c t a  a n d  2 N e o t r o p i c a l  g e n e r a  A c r o t a p h u s  a n d  
H y m e n o e p i m e c i s . P o l y s p h i n c t a  seem s to  be a lm o s t  e x c l u s i v e l y  
a s s o c ia te d  w ith  A ran e id ae , and th e  o th e r  two g en era  have o n ly  been 
re a re d  from a ra n e id  and t e t r a g n a th id  s p id e r s  (G auld, p e rs  comm). Both 
of th e s e  s p i d e r  g ro u p s  c o n s i s t  o f r e l a t i v e l y  l a r g e  s p id e r s  w hich 
c o n s tru c t  webs as la r g e  a s ,  o r l a r g e r ,  th an  t h e i r  b o d ie s .

(4) th e  A c r o d a c t y l a  g ro u p . A n a ly s is  h as shown t h a t  t h i s  g ro u p  
p robab ly  c o n s i s t s  of 6 g en e ra ; P i o g a s t e r ,  E r i o s t e t h u s , S in a r a c h n a , 
E ru ga , Z a ty p o ta  and A c r o d a c t y l a .  The l a s t  th re e  g en era  c l e a r l y  form a 
h o lo p h y le t ic  g ro up , w h ile  th e  o th e r  th re e  seem to  be p a r a p h y le t ic  w ith  
r e s p e c t  t o  t h a t  g r o u p in g .  The w h o le  g ro u p  c o n s i s t s  o f s m a l l  
p a r a s i t o i d s  e x c e p t in g  th o s e  o f th e  Old W orld t r o p i c a l  r a i n f o r e s t  
genus E r i o s t e t h u s , w hich  a r e  much l a r g e r  (s e e  c h a p te r  3) . T h is  
reduced s iz e  o f p a r a s i t o id  le a d s  to  a reduced  s iz e  in  th e  h o s ts  which 
a re  a tta c k e d :  m ature L in y p h iid a e  and T h e r id i id a e  (a p p a re n tly  th e  o n ly  
h o s ts  fo r  Z a t y p o t a ) ;  im m atures of A rane idae , T e tra g n a th id a e , (and on 
o ccasio n s  D i c t y n i d a e  and M e t t i d a e ) . A ll of th e s e  sp in  con sp icu ou s 
webs of s e v e r a l  shapes and s i z e s .

E v o lu t i o n a r y  s i g n i f i c a n c e : The e v o lu t io n a ry  sequences in  t h i s  group 
seem to  be q u i t e  c l e a r .  The p r im i t iv e  p o ly s p h in c t in e s  a re  a t ta c k in g  
c o n c e a le d  h o s t s  w i th in  s i l k  tu n n e l s  o r w i th in  s i l k e n  r e t r e a t s  on 
v e g e ta t io n ,  and p la c e  th e  egg on th e  c e p h a lo th o ra x  of vthe h o s t .  The 
two main g roups th a t  have r a d ia te d  from th e se  u n d e riv ed  g en era  have 
sw itched  to  w eb -sp in n in g  s p id e r s ,  and p la c e  th e  egg somewhere on th e  
abdomen; one group s p e c i a l i s i n g  on a wide range o f sm a lle r  im m ature 
to  m ature s p id e r s  ( th e  A c r o d a c t y l a - group) and th e  o th e r  on s u b - a d u lts  
and a d u l t s  o f  a m ore r e s t r i c t e d  g ro u p  o f l a r g e r  s p i d e r s  ( t h e  
P o l y s p h i n c t a - g ro u p ) .

4.7. NODE 6: the Pimplini (including the T h e r o n ia -group)

H o l o p h y l e t i c  g r o u p  d e f i n e d  a t  t h i s  n o d e : T he t r i b e
P im p lin i ( in c lu d in g  T h e r o n ia ) .
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4 . 7 . 1 .  M i c r o h a b i t a t  8 :  
L ep id o p te ra  pupae

E x p o se d o r w e a k ly c o n c e a l e d

T h is m ic r o h a b i t a t  c o n s i s t s  o f a l l  pupae t h a t  a r e  a c c e s s i b l e  to  
r e l a t i v e l y  s h o r t  s t a b b in g  o v i p o s i t o r s .  The p a r a s i t o i d  l i f e w a y  i s  
th a t  of a s o l i t a r y  id io b io n t  e n d o p a ra s i to id . A du lts  o f te n  s ta b  pupae 
which a re  n o t going to  be o v ip o s ite d  w ith in  and feed  from th e  wound 
(h o st fe e d in g ;  C ole , 1959, 1967). As any s u i t a b le  a c c e s s ib le  pupa 
w i l l  s u f f i c e ,  some h a v e  e v o lv e d  a s  p s e u d o h y p e r p a r a s i t o i d s  on 
ichneum onid pupae in  t h e i r  own cocoons.

F u n c t i o n a l  a d a p t a t i o n s :  A ll  t h i s  g ro up  have s t o u t  g a s t e r s  and 
th o r a c e s ,  and th e  " h ig h e r "  p im p lin e s  ( th e  X a n th o p im p la - g ro u p , th e  
P im p  l a - g r o u p  an d  I t o p l e c t i s )  h a v e  e x t r e m e l y  s t o u t  s t a b b i n g  
o v i p o s i t o r s .  The l a r v a e  o f th e  " h ig h e r"  P im p lin i  a l s o  h av e  o n ly  a 
v e s t i g i a l  hypostom a and (u su a lly )  a w e ll developed  e p is to m a l a rc h . 
These a re  c h a r a c te r s  n o rm ally  a s s o c ia te d  w ith  e n d o p a ra s i to id s .

S u b g ro u p s : The whole o f th e  re d e f in e d  P im p lin i have t h i s  l ife w a y  -  
th a t  i s  th e  T b e r o n ia -g ro u p , th e  X a n th o p im p la -group , th e  P im p la -group 
and I t o p l e c t i s  (of u n c e r ta in  p h y lo g e n e tic  a f f i n i t i e s  -  see  c h a p te r  
3 ).

The fo u r g roups have th e  fo llo w in g  h o s t - a s s o c ia t io n s :

(1) th e  T h e r o n ia -g roup . Not a l l  t h i s  group f i t  in to  th e  c a te g o ry  
d esc rib e d  above. S p ec ie s  o f th e  genus N o m o sp h ec ia  a re  p a r a s i to id s  o f 
v e sp id s . The rem ain ing  g en era  seem to  show a range of b io lo g ie s  from 
e c t o p a r a s i t o i d s  o f L e p id o p te r a  to  se c o n d a ry  e n d o p a r a s i t o i d s  o f 
t a c h in id s  o r  ich n eu m o n id s  in  L e p id o p te ra  pupae (G u p ta , 1 9 6 2 ,1 9 8 7 ; 
S h o rt  1 9 7 8 , G a u ld , 1 9 8 4 b ) .  T h is  g ro u p ,  t h e n ,  i s  c l e a r l y  i n  an  
in te rm e d ia te  p o s i t io n  betw een an A c r o p im p la - ty p e  a n c e s to r  and th e  
r e s t  o f t h e  P i m p l i n i ;  a s  i s  c o n f i rm e d  by i t s  p o s i t i o n  i n  t h e  
h y p o th e tic a l  t r e e .
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(2) I t o p l e c t i s .  T h is genus s ta n d s  a lo n e  p h y lo g e n e t ic a l ly ,  b u t i s  
c le a r ly  c o r r e c t ly  p la c e d  in  t h i s  lifew a y  c a te g o ry . Both p rim ary  and 
h yp er- e n d o p a ra s i to id s  o f sm all L ep id o p te ra  pupae a re  known. T his 
may be th e  p le s io m o rp h ic  s t a t e  in  the  "h ig h e r"  P im p lin i .

(3) The X a n t h o p i m p l a - g ro u p . X a n th o p im p la  d o m in a te s  w i th in  t h i s  
g ro u p . I t  i s  a t r o p i c a l  r a i n  f o r e s t  g en u s w ith  a w ide ra n g e  o f 
o v ip o s i to r  m o d if ic a tio n s  (Townes & Chiu, 1970) which su g g e s t t h a t  th e  
genus a t ta c k s  a v e ry  wide ran ge  of h o s ts .  The same comments ap p ly  to  
E c h th ro m o rp h a  and L i s s o p i m p l a ,  e x c e p tin g  t h a t  t h e r e  a r e  many more 
sp e c ie s  of X a n th o p im p la  th an  of the  o th e r  two g e n e ra . Host re c o rd s  
( c o l l e c te d  in  G up ta , 1987) i n d i c a t e  t h a t  t h i s  g ro up  p a r a s i t i s e s  a 
very  wide range of h o s t s ,  ra n g in g  from con cea led  to  exposed . Some of 
t h i s  g roup  have o v i p o s i t o r s  v e ry  s i m i l a r  to  th o s e  fo u nd  in  th e  
P im p la -group genus, A p e c h th i s  a lth ou g h  t h i s  i s  c le a r ly  a p a r a l l e l i s m .  
The d i s t i n c t i v e  m and ib u lar s t r u c tu r e  of t h i s  group may r e l a t e  to  th e  
need to  escape  from p a r t i c u l a r l y  hard  pupae, a lth o u g h  th e re  i s ,  as 
y e t ,  no ev iden ce  fo r  t h i s .

(4) The P im p la -g ro u p . B road ly  sp eak ing  th e  same comments ap p ly  to  
t h i s  group as to  th e  X a n th o p im p la -group, a lth o u g h  the  h o s t- r a n g e s  a re  
more c l e a r l y  d e m a rc a te d , and w ith  th e  e x c e p t io n  o f A p e c h t h i s  th e  
o v ip o s i to r s  a re  no t as v a r ia b le  between th e  s p e c ie s .  S t ^ o n g y l o p s i s  i s  
a d e s e r t ic o lo u s  genus f o r  which th e re  a re  no h o s t - r e c o r d s .

E v o lu t io n a r y  s i g n i f i c a n c e : T his lifew a y  can aga in  be e a s i l y  d e r iv e d  
from a A c r o p im p la - ty p e  a n c e s to r .  A s h i f t  to  a more exposed and more 
v un erab le  h o s t has le d  to  th e  egg being  l a i d  in s id e  th e  h o s t ,  where 
i t  i s  s a fe  from a b ra s io n  (Gauld 1984a, 1 988).

The P im p lin i have a h o s t - a s s o c ia te d  b io lo g y  which a llo w s of a v e ry  
wide e x p l o i t a t i o n  o f L e p id o p te r a  p u p a e . W ith in  each  a p p a r e n t ly  
h o l o p h y l e t i c  g r o u p ,  h o w e v e r ,  t h e r e  a r e  no o b v i o u s  h o s t  
s p e c i a l i s a t i o n s .  The g ro u p , a s  d ic u s s e d  in  c h a p te r  3 , seem s to  be 
s p l i t  more a lo n g  b io g e o g ra p h ic a l  l i n e s ,  w ith  th e  X a n th o p im p la -g r o u p  
p re d o m ia n tly  t r o p i c a l  and th e  P im p la -g ro u p  in  th e  n o r th  te m p e r ta e
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re g io n .

4.8. General Trends

The e v o lu t io n  of h o s t - a s s o c i a t e d  b io lo g y  in  th e  P im p lin a e  { s e n s u  
s t r i c t o )  can be c o n s id e re d  to  have th r e e  main com ponents. The f i r s t ,  
as re co g n ised  by Gauld (1988) i s  from con cea led  h o s ts ,  th rou gh  sem i- 
c o n c e a le d , to  exp o sed  h o s t s .  T h is  r e s u l t s  in  a s h i f t  from  h o s t -  
h a b i ta t  f in d in g  to  h o s t  f in d in g ;  and from e c to p a r a s i to id  i d io b io n t to  
e n d o p a ra s ito id  id io b io n t  pupal p a r a s i t o id s ,  on th e  one hand, and to  
k o in ob io n t e c to p a r a s i to id s  of s p id e r s ,  on th e  o th e r .

The second i s  from deep wood p ro b in g  (o r l im ite d  b o rin g ) to  deep 
b o rin g . R e la t iv e ly  few ichneum onids have reached  th e  le v e l  of b o r in g  
a b i l i t y  of th e  rh y s s in e s ,  where s p e c ie s  of H e g a rh y s sa  have developed  
e x tre m e ly  com plex o v i p o s i t o r  h a n d lin g  a d a p ta t io n s  (A bbo t, 1934 ; 
H eatw ole e t  a l ,  1964) . Amongst th e  p im p lin e s  as  d e f in e d  from  th e  
c l a d i s t i c  a n a l y s i s  no g r o u p s  seem  t o  h a v e  d e v e lo p e d  t h e s e  
a d a p ta t io n s .  W ith in  th e  p im p lifo rm e s  (s e n su  Wahl) a s  a w h o le , th e  
w ood-boring  g ro u p s  a r e  found  a t  th e  b a s e  o f th e  P o em en in ae , th e  
A caen itin ae  and th e  R hy ssin ae .

The t h i r d  i s  from  new ly f a l l e n  t im b e r  to  d e c a y in g ‘‘t im b e r . T h is  
seems to  r e s u l t  from a cue s h i f t  from sy m b io tic  fu n g i a s s o c ia te d  w ith  
h o s t s  (H ad d en , 1 9 6 9 ) ,  t o  f u n g i  i n d i c a t i v e  o f t im b e r  a g e .  I t  
r e p re s e n ts  a s h i f t  from id io b io n t  e c to p a r a s i to id  b o re rs  to  id io b io n t  
e c t o p a r a s i t o i d  p r o b e r s ,  a n d , p o s s i b l y ,  f i n a l l y  t o  k o i n o b io n t  
e n d o p a ra s ito id s  of d ip te r a  a s s o c ia te d  w ith  fu n g i in  v e ry  o ld  t im b e r , 
in  g ro up s w hich may h av e  been  d e r iv e d  from  th e  P im p lin a e  ( s e n s u  
l a t o ) .

These th re e  te n d e n c ie s  can be t r a c e d  to  r e l a t i v e l y  m inor changes in  
th e  cues t h a t  a re  used to  lo c a te  e i t h e r  h o s t m ic ro h a b ita t  o r th e  h o s t  
i t s e l f .  One le a d s  th e  p a r a s i t o i d  l i n e  o u t  of wood and i n t o  o t h e r ,  
l iv in g ,  g reen  p la n ts ;  one le a d s  th e  p a r a s i to id  l i n e  f u r t h e r  i n to  th e  
wood, p erhaps in  p u r s u i t  of h o s ts  th a t  a re  b o rin g  d ee p e r; th e  f i n a l
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one leads on toward the decaying p lan t and the saphrophytic  organisms 
th a t  feed  o f f  i t ,  d i r e c t l y  o r i n d i r e c t l y .  The th re e  pathw ays a re  
d iscussed in  more d e ta i l  below.

4 .8 .1 . From concealed to  exposed h o sts

The h o s t-p re fe re n c es  of the Pim plinae (sen su  s t r i c t o )  s h i f t  g ra d u a lly  
from a p r im i t iv e  a s s o c ia t io n  w ith  d eep ly  con cea led  w ood-boring 
h o s ts ,  th en  w ith  c o n c ea le d , sem i-exposed  and f i n a l l y  to  one w ith  
exposed h o s t s .  A m a jo r i ty  of th e  ch an g es in  p im p lin e  b io lo g y  
discussed above can be exp la ined  as responses to  dealing  w ith a more 
and more exposed h o s t .  Gauld has summ arised t h i s  (1988: pp. 356, 
357, 359, 363) in  an e v o lu tio n a ry  sequence which fo llo w s  v e ry
c lo s e ly  th a t  in d ic a te d  by th e  h y p o th e t ic a l  t r e e  w ith  b io lo g ie s  
superim posed ( f ig  4 .1 ) .  The on ly  m ajor d i f f e r e n c e  between G a u ld 's  
id e a s  and th o s e  p r e s e n te d  h e re  i s  t h a t  he p o s t u l a t e s  t h a t  th e  
a n c e s t ra l  ichnuem onoid was a p a r a s i to id  in  " r e l a t i v e l y  s o f t  p la n t  
t i s s u e " .  This seems u n lik e ly  given the phy logenetic  d is t r ib u t io n  of 
the w ood-associated h a b it and the d i f f i c u l t i e s  of re tu rn in g  to  the  
wood-boring h a b it from a probing one.

B uried h o s ts  a re  sim ply  p ie c e s  of meat th a t  must be reached  and 
then, a f te r  development, escaped from. As such, the n a tu re  of meat 
i s  unim portant -  a d u lts  w il l  do as w ell as la rv a e  i f  they a re  caught 
before they escape from the wood (Hanson, 1939); and Cerambycids w il l  
do as w ell as S ir ic id s  i f  they happen to  l i e  where o th er cues suggest 
an egg should be la id  (Aubert, 1969). The problems are  predom inantly 
p h y s ic a l .  T his c o n d it io n  has been shown to  be p r im it iv e  and i s  
c h a ra c te rised  by s o l i t a r y  id io b io n t e c to p a ra s ito id s  w ith wide host 
ranges, although i t  i s  q u estio n ab le  whether th e  idea  of a host range 
i s  v e ry  m e a n in g fu l i n  t h i s  c a s e .  The m ain a d v a n ta g e  o f t h i s  
m icrohab ita t p re fe rence  i s  th a t  the immature s tag es  a re  as sa fe  as 
the host from p re d a to rs .

The subsequen t e v o lu tio n  poses two problem s : th e  f i r s t ,  how to  
o v ip o sit e f f ic e n t ly  on or in to  a new h o s t; and second, how to  p ro te c t
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o ffsp rin g  from p re d a to rs  which can reach the now more vunerable h o s t.

The f i r s t  problem only a r i s e s  when a s h i f t  away from probing occu rs . 
The stabb ing  o v ip o s ito r  i s  easy to  de riv e  as the a c tio n  of stabb ing  i s  
i n t r i n s i c  to  th e  a c t io n  of p u n c tu r in g  th e  h o s t to  p a ra ly s e  i t .  A 
s h o r te n in g  of th e  o v i p o s i t o r  and an i n c r e a s e  in  th e  amount of 
m usculature w ith in  the o v ip o s ito r  complex are  th e  main m orphological 
changes th a t  are  req u ire d .

The more exposed na tu re  of th e  host has led  to  b io lo g ic a lly  d iv e rse  
ways of ensuring  the s a fe ty  of o ffsp r in g . Both the ev o lu tio n  of the  
endophagous h a b it  in  th e  P im p lin i and th e  k o in ib io n t  h a b i t  in  th e  
P o ly sp h in c tin i a re  r e la te d  to  ensuring  th a t  p a ra s i to id  la rv ae  are  as 
safe  as the h o sts  they a re  in .  The koinobiont lifew ay  enab les f r e e -  
l iv in g , i . e .  a d u lt , s tag es  of a rthropods to  be p a r a s i t i s e d .  However, 
the  o n ly  g roup  w hich have been e x p lo i t e d  by any p im p lin e s  a re  
s p id e rs .  T his can be e x p la in e d  by th e  e v o lu tio n a ry  ro u te  which 
pim plines have taken to  s p id e rs :  th a t v ia  the environm ental cue of 
s i lk .  This has formed a b ridg e  across to  an a d u lt arth ropod , but has 
a lso  c o n s tra in e d  th e  p a r a s i to id s  to  h o s ts  which can be found by 
searching fo r s i l k .

These s h i f t s  from one h o s t m ic ro h a b ita t  to  a n o th e r  a re  h ig h ly  
c h a r a c te r is t ic  of id io b io n t e c to p a ra s i to id s  (Gauld, 19$8), which a re  
unconstrained by the need to  respond to  a h o s t 's  immune system . One 
of the most in te r e s t in g  a sp ec ts  of the ev o lu tio n  of b io logy mentioned 
above i s  th e  sm all s iz e  of each in d iv id u a l  s te p  th a t  needs to  be 
c o n je c tu re d . No g re a t  s a l t a t o r y  even t a p p ea rs  to  have occured  and 
th ere  seems to  have been no e x tin c tio n s  of in te rm ed ia te  lifew ay s .

4 .8 .2  from con cea led  h o sts  to  very  d eep ly  con cea led  h o sts

This second ev o lu tio n ary  pathway has occured independen tly  in  se v e ra l 
groups of th e  Ichneum onoidae, and alw ays a t  th e  base  of l in e a g e s .  
Each l in e a g e  shows ve ry  d i f f e r e n t  m o d if ic a tio n s  fo r  th e  ta sk  of 
boring in to  wood (Gauld, 1984a), and i t  seems th a t  a number of groups

137



have developed t h i s  l ife w a y  in d e p e n d e n tly . I t  i s  l i k e l y  t h a t  th s e
groups have evolved  in  re sp o n se  to  t h e i r  h o s ts  burrow ing  d ee p e r and

atd eep e r, e i t h e r  because  th e  h o s ts  a re  s ^ r -c h in g  f o r  r i c h e r  and r i c h e r  
p l a n t  t i s s u e ,  o r  b e c a u s e  t h e y  a r e  a t t e m p t i n g  t o  e s c a p e  t h e  
p a r a s i t o i d s .  In  e i t h e r  c a s e  i t  can be im ag in ed  t h a t  th e  p r i m i t i v e  
w ood-boring h o s t and p a r a s i t o id  were l e s s  d eep ly  co n cea led  e a r ly  on 
in  t h e i r  e v o lu t io n a ry  developm ent, and th a t  c o -e v o lu t io n  h as  tak en  
them deeper and deeper in to  th e  wood.

4 .8 .2 .  From newly f a l l e n  to  r o t t i n g  tim b er

This second e v o lu t io n a ry  tend ency  i s  l e s s  w e ll documented th a n  th e  
f i r s t  one. I t  r e p r e s e n t s ,  n o t an e v o lu t io n a ry  e scap e  from th e  newly 
f a l l e n  l o g  by m o v in g  o u tw a r d s  t o  m ore an d  m o re  e x p o s e d  
m ic ro h a b ita ts ,  bu t a change in  th e  age of f a l l e n  lo g  th a t  i s  se a rc h e d  
f o r .  The s ta g e s  in  t h i s  pathway most p ro b ab ly  r e l a t e  to  how fu n g a l 
cues a re  u sed .

(A) R ecen tly  f a l l e n  new wood. The tim ber i s  s t i l l  r e l a t i v e l y  f r e e  
of fu n g i. I n s e c ts  th a t  e x p lo i t  t h i s  m ic ro h a b ita t  need to  in t ro d u c e  
fu n g i in to  th e  wood in  o rd e r  to  beg in  th e  breakdown p ro c e ss  (F ran ck e - 
Grossman, 1939, 1967; Madden & C o u tts , 1979) and p roduce  d ig e s ta b le  
m a t e r i a l .  The w o o d -b o r in g  p a r a s i t o i d s  o f t e n  u s e  t £ e s e  f u n g a l  
sy m b io n ts  o f  t h e i r  h o s t s  a s  h o s t - l o c a t o r y  c u e s  ( f o r  i n s t a n c e  
rh y s s in e s  (S pradbery , 1 9 7 0 b ), see  c h a p te r  5 ) .

(B) Decaying wood. By t h i s  s ta g e  fu n g i may have e n te re d  i n t o  th e  
wood which a re  to x ic  to  th e  o r ig in a l  a r th ro p o d  c o lo n is e r s  (A r m i l l a r i a  
m e l l e a , fo r  in s ta n c e ,  k i l l s  s i r i c o i d  la r v a e  (Madden & C o u tts ,  1 9 7 9 )) . 
From t h i s  p o in t  on th e  wood i s  so p e rm e a te d  w ith  f u n g i  t h a t  th e  
lo c a t io n  of a p a r t i c u l a r  h o s t  u s in g  i t s  sy m b io tic  fu n g i may become 
in c re a s in g ly  d i f f i c u l t .  At t h i s  s ta g e  p a r a s i to id s  may be s e a rc h in g  
fo r  a lo g  w hich h as  th e  r i g h t  fu n g a l  v o l a t i l e s  t h a t  i n d i c a t e  a 
c e r t a i n  s t a t e  o f d ecay  n e c e s s a r y  f o r  f o r  c o l o n i s a t i o n  o f th e  h o s t  
type they  a re  a t ta c k in g .
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(C) Decaying wood w ith  fu n g a l f r u i t i n g  b o d ie s . The f i n a l  s ta g e  of 
t h i s  p ro c e s s  i s  th e  r e d u c t io n  o f th e  t im b e r  to  a mass o f fu n g a l  
h yphae , from  w hich b a s id io m y c e te  and a sc o m y c e te  f r u i t i n g  b o d ie s  
em erge. A w ide ra n g e  o f a r th r o p o d s  fe e d  o f f  th e s e  s t r u c t u r e s ,  and 
a d d i t i o n a l l y  th e y  form  a cue f o r  v a r io u s  p a r a s i t o i d s  ( G i lb e r t s o n ,  
1984; Shaw & Askew, 1978). In  th e  p im p lifo rm es (Wahl, in  p re s s )  most 
of th e  adv anced  g ro u p s  a t t a c k  D ip te r a .  I t  may be th e  c a s e  t h a t  a 
d ecay ing-w o od  p ro b in g  p a r a s i t o i d  s h i f t e d  from  one cue o f h ig h ly  
fungus in f e s te d  wood to  a n o th e r  of th e  f r u i t i n g  body of th e  fu n g u s. 
T h is  c o u ld  m ean a s w i t c h  t o  a D i p t e r a n  h o s t  -  p o s s i b l y  t o  
m y c e to p h i l id s  ( fu n g u s -m id g e s )  t h a t  a r e  a s s o c ia t e d  w ith  p o ly p h o re  
b ra c k e t  fu n g i  (O ld ro y d , 1964) . C e r t a i n l y ,  w i th in  th e  p im p lifo rm e s  
b o th  th e  O r t h o c e n t r i n a e  and  O x y to r in a e  h av e  s p e c i e s  t h a t  a r e  
p a r a s i to id s  of m y c e to p h ilid s  (Shaw & Askew, 1978).

4.9. Conclusions

The e v o lu tio n  of th e  p im p lin e  life w a y s  has been c o n s tra in e d  by th e  
i n i t i a l  h o s t  s u b s t r a t e ,  d ead  wood. The w hole o f th e  e v o lu t io n a r y  
b io lo g y  of th e  group can be t r a c e d  as sm a ll s te p s  from t h i s  o r i g i n a l ,  
e v o lu t io n a r i ly  s t a b l e ,  h o s t  m ic ro h a b i ta t .  No groups app ear to  have 
r e tu r n e d  to  t h i s  a s s o c i a t i o n  once th e y  hav e  l e f t  th e  wood, and i t  
seems p o s s ib le  th a t  th e  p a r a s i to id s  in  wood have n ev er ,been  anywhere 
e l s e ,  and th a t  th ey  have evo lved  from some symphytan a n c e s to r  t h a t  
was x ylophagous. T his would mean th a t  th e y  r e p re s e n t  th e  a n c e s t r a l  
c o n d itio n  fo r  a l l  th e  a p o c r i t a .  C o n s id e ra tio n  of th e  d i f f i c u l t i e s  o f 
e v o lv in g  w o o d -b o rin g  a d a p ta t i o n s  d e  n o v o  ( s e e  above) s u g g e s t  t h a t  
t h i s  i s  th e  c a se , as do c o n s id e r a t io n s  o f th e  taxonom ic d i s t r i b u t i o n  
o f th e  l i f e w a y  ( a t  th e  b a s e  o f  b r a c o n id ,  ich n eu m o n id  and c y n ip o id  
l in e a g e s ) .

F ig  4 .2 .  shows d ia g ra m m a tic a lly  th e  e v o lu t io n a ry  s te p s  d is c u s s e d  in  
t h i s  s e c t i o n  -  c o n c e n t r a t in g  on m i c r o h a b i t a t ,  cue  ty p e  and h o s t s .  
F u ther work on o v ip o s i t io n  b e h a v io u r , fu n g a l a s s o c ia t io n s ,  and l a r v a l  
b io lo g y  and morphology w i l l  f i l l  in  th e  many gaps and show t h a t  th e  
s to r y  i s  f a r  more co m p lica ted  th an  th a t  o u t l in e d  h e r e .

139



Microhabitat: newly fallen timber Host: very deep wood borer Cue: Host-specific fungi

[co-evolution with deeper borer; change in timing of tree attack]

Microhabitat: fallen timber Host: deep wood-borer Cue: host-specific fungi

[change in timing of tree attack]
i r

Microhabitat: old fallen timber Host: wood associated, non borer Cue: tree-age specific fungi (?)

[shift in timing of tree attack]

Microhabitat: very old woodHost: Diptera in fungal fruiting-bodies Cue: fungal fruiting bodies

[shift to living plants]

Microhabitat:soft plant tisueHost: semi-concealed larvae.Cue: living green plant tissue

[shift to silk cocoons]
i r

Microhabitat: surfacesof plant tissueHost: Pupae in cocoons Cue: silk copoons.

[shift to spider silk] [shift to host]

Microhabitat: spiders retreatsHost: spiders (egg sacs) Cue: spider silk

Microhabitat: exposed pupaeHost: exposed pupae Cue: hosts

Fig 4.2. Diagram showing possible pathways of biological evolution at the base of the "pimpliformes" clade.
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The c o l l a t i o n  of a l l  th e  a v a i la b le  in fo rm a tio n  on p im p lin e s  -  bo th  
b io lo g ic a l  and m o rp h o lo g ica l now e n a b le s  a f u l l  s c e n a r io  d iagram  to  
be c o n s t r u c t e d .  T h is  i s  shown in  f i g  4 .3 .  I t  show s a v e ry  c l e a r  
hennigian-com b ty p e  s t r u c tu r e ,  which i s  in d ic a t iv e  of th e  b io lo g ic a l  
s te p s  from co n cea led  to  exposed h o s ts .  In  a d d i t io n  i t  shows th e  c la d e  
c o n s is t in g  of th e  A c r o p im p la -subgroup  and th e  P im p lin i  as th e  s i s t e r  
g roup  to  th e  P o l y s p h i n c t in i  and th e  T r o m a t o b i a - g ro u p , due to  th e  
a s s o c ia t io n  w ith  s i l k  found in  a l l  th e  ta x a .

I t  i s  i n t e r e s t i n g  t o  n o t e  how s e v e r a l  o f  t h e  p re s u m e d  
b i o l o g i c a l  " a p o m o r p h i e s " h a v e  no m o r p h o l o g i c a l  
a p o m o r p h ie s ,  f o r  e x a m p le  t h o s e  r e l a t e d  t o  t h e  s h i f t  t o  a
s o f t  p l a n t  t i s s u e  c u e  a n d  t h e  s h i f t  t o  a s i l k  c u e .  In  
a d d i t i o n  t h e  E p h i a l t i n i  a r e  s p l i t  i n t o  f i v e  s e p a r a t e
g r o u p s ,  s u g g e s t i n g  t h a t  t h e y  may be p a r a p h y l e t i c . T he
s c e n a r i o  d ia g r a m  c a n n o t  be c o n s i d e r e d  t o  g i v e  a r e a l  
i n d i c a t i o n  o f  r e l a t i o n s h i p s  a n d  w i l l  n o t  be u s e d  t o  
s u g g e s t  t h e  r e a r r a n g e m e n t  o f  ta x o n o m ic  g r o u p s ,  b u t  i t  d o e s  
g iv e  an  i n s i g h t  i n t o  t h e  p o s s i b l e  p a th w a y s  o f  b i o l o g i c a l  
e v o l u t i o n  i n  t h e  g r o u p ,  an d  t o  w h e re  r e l a t i o n s h i p s  may
e x i s t  no t shown by a m o rp h o lo g ica l a n a ly s is .

*
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Key: iu  -  presumed biological "apomorphy"; IP - presumed 
biological plesiomorphy; A e r o . - sg - A c r o p im p la  subgroup; Ther-. ~ T h e r o n ia ; X a n t .  -  X a n th o p im p la ;  P im p . -  P im p la ;  Z a g l .  -  Z a g ly p tu s ;  D r e i .  -  D r e is b a c h ia ;  A c r d . -  A c r o d a c t y l a ; P o ly .  -  P o l y s p h in c t a . Several groups of uncertain affinities 
are not included. Supporting morphological apomorphies are 
shown in brackets.

Fig 4.3. Simplified scenario diagram for the biological 
evolution of the Pimplinae.
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CHAPTER 5: THE BIOLOGY OF THE RHYSSINAE

5.1. Introduction

R hyssines a re  found in  wet f o r e s t s  th ro u g h o u t th e  w orld  (ex cep t fo r  
R h y s s a  s p e c i e s  w hich i n h a b i t  d ry  b o r e a l  p in e  f o r e s t s )  . The m ain 
a c t i v i t i e s  o f th e  a d u l ts  a re  c e n tre d  around th e  d e te c t io n  of s u i t a b le  
f a l le n  t r e e s  b o th  fo r  h o s t  and mate s e a rc h in g . A g re a t  predom inance 
of reco rd ed  h o s ts  of r h y s s in e s  a re  S ir ic o id e a  found in  angiosperm  
and gymnosperm wood. The h o s ts  of t r o p i c a l  r a in  f o r e s t  rh y s s in e s  a re  
unknown, a lth o u g h  i t  seems l i k e l y  th a t  th ey  a re  n o t woodwasps. One 
dub iou s h o s t  r e c o r d  e x i s t s  f o r  t r o p i c a l  r h y s s i n e s  (on a n o c t u i i d  
m oth).

R hyssines a re  one of th e  few ichneum onids g roups which have been 
th e  fo c u s  o f d e t a i l e d ,  i f  ta x o n o m ic a l ly  p a tc h y ,  b i o l o g i c a l  s tu d y .  
There a r e  two m ain r e a s o n s  f o r  t h i s .  F i r s t ,  th e y  a re  am ongst th e  
most con sp icu ous of th e  p a r a s i t i c  Hym enoptera, and can be common in  
c e r t a i n  p l a c e s .  F o r e x a m p le  th e  t h r e e  s y m p a t r i c  s p e c i e s  o f  
M e g a r h y s s a  i n  N o rth  A m erica n o t o n ly  in c lu d e  th e  l a r g e s t  known 
ichneum onid (M e g a rh y ssa  a t r a t a )  b u t a re  a ls o  c o l l e c t i b l e  in  la r g e  
numbers in  e a r ly  summer. Second, th e  a c c id e n ta l  in t r o d u c t io n  of p e s t  
s i r i c i d s  to  A u s t r a l i a  and New Z ea lan d  c o n c e n t r a te d  much work on 
p o t e n t i a l  c o n t r o l  a g e n ts  -  th e  fo re m o s t o f w hich  w ere R h y s s a  and 
M eg a rh yssa  (C h ry s ta l ,  1928; C h ry s ta l & M yers, 1928; K irk , 1974, 1975; 
M ille r  & C la rk e , 1935; Morgan & S tu a r t ,  1966; N u t ta l l ,  1973, 1980; 
S p ra d b e ry ,  1 9 7 0 a , 1 9 7 0 b ; S p ra d b e r y  & K ir k ,  1978 S p r a d b e r y  & 
Ratkowsky, 1974; T a y lo r , 1976, 1978; Zondag & N u t t a l l ,  1 961). R h y ssa  
p e r s u a s o r i a  has even been c u l tu re d  f o r  b io lo g ic a l  c o n tro l  p u rp o ses 
(S pradbery , 1968).

5.2. Distribution

R h y ssin e s  a r e  a b a s i c a l l y  t r o p i c o p o l i t a n  g ro u p  w ith  o u t l i e r s  i n  
te m p e ra te  r e g i o n s .  A b i o g e o g r a p h i c a l  s u r v e y  o f th e  g ro u p  i s
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postponed u n t i l  th e  c l a d i s t i c  a n a ly s is  has been p erfo rm ed . However, 
t a b l e  5 .1  sh o w s t h e  n u m b e r o f  d e s c r i b e d  s p e c i e s  f ro m  e a c h  
b io g e o g ra p h ic a l re g io n .

5.3. Sexual dimorphism

Casual in s p e c t io n  su g g e s ts  s t r o n g ly  th a t  rh y s s in e s  fem ales ten d  to  be 
l a r g e r  th a n  m a le s .  T h is  i s  i n  k e e p in g  w ith  e v id e n c e  f o r  o t h e r  
ichneum on id s (G auld & F i t t o n ,  1 9 8 7 ). T h is  d im orph ism  in  s i z e  i s  
co n firm ed  by a t - t e s t  p e rfo rm e d  on r e a r e d  m a t e r i a l  o f R h y s s e l l a  
a p p r o x im a to r .  The mean fo rew in g  le n g th s  were s i g n i f i c a n t l y  d i f f e r e n t  
(n=60, male mean 45mm, fem ale mean 58 .5  mm, t=  5 .1 5 , p< 0 .0 0 1 ) . I t  i s  
no t known w hether t h i s  d i f f e r e n c e  i s  g e n e t i c a l ly  c o n t r o l l e d ,  o r comes 
about by fem ales la y in g  u n f e r t i l i s e d  eggs on sm a ll h o s t s .  The l a t t e r  
c o n d itio n  i s  common amongst some ichneum onids (A rthu r & W ylie, 1959) 
bu t has never been shown to  o ccu r in  w o o d -a sso c ia te d  p a r a s i t o id s .

5.4. General Adult Behaviour

A dult rh y s s in e s  a re  s t r o n g - f ly in g  i n s e c t s  b u t seem to  spend much of 
t h e i r  tim e  r e s t i n g  u n d e r le a v e s  o f t h e i r  h o s t ' s  f o o d - p l a n t .  L ik e  
many ich n eu m o n id s th e y  p r e f e r  warm, m o is t  c o n d i t i o n s ,  H ea tw o le  & 
Davis (1965) have shown ( in  M e g a rh y ssa )  t h a t  th e re  i s  a d e p re s s io n  in  
th e  a c t i v i t y  o f th e  a d u l t s  d u r in g  th e  d r i e s t  p a r t  o f th e  d ay , and 
during  d ry , h o t p a r ts  o f th e  y e a r .  In  th e  t r o p ic s  rh y s s in e s  seem to  
be a c tiv e  o n ly  in  th e  lu s h e s t  p a r t s  o f r a i n - f o r e s t s  where th e re  i s  a 
g re a t  d ea l o f canopy cov er ( P o r te r ,  1 9 7 8 ). However, rh y s s in e s  have 
a ls o  been c o l le c te d  from seco n d ary  f o r e s t  (P o r te r ,  1978,* E g g le to n , 
u n p u b lish e d ). __

I t  i s  n o t  known w h e th e r  a d u l t  r h y s s i n e s  f e e d  fro m  f l o w e r s .  
However, th e y  can be k e p t  a l i v e  f o r  some tim e  in  th e  l a b o r a t o r y .  
Thompson (p e rs  comm) k ep t a d u l ts  of R h y s s e l l a  a p p r o x im a to r  and fe d  
them on a d i e t  of su g a r s o lu t io n ,  under which c o n d it io n s  th e y  l iv e d  
fo r  an average of 41 days ( m a les , n=7, mean lo n g e v ity  41 d ay s;
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Table 5 .1 . Numbers of v a l id  s p e c ie s  in  each b io g e o g ra p h ic a l re g io n .

Region

Number of 

T o ta l

d e s c r ib e d  s p e c ie s  

Endemics

P a la e a r c t ic 21 17

E ast P a la e a r c t i c (17) (1 2 )
West P a la e a r c t i c ( 8 ) ( 4)

N e a rc tic 14 12

N eo tro p ic a l 38 36

O rie n ta l 118 115

A u s tra la s ia n 1 0

P a c if ic 0 0

E th io p ian 7 7

M alagasy ( 1 ) ( 1 )

TOTALS 194 187

Information fo r the table above canes from: (a) fo r the Palearctic  region -  Aubert 
(1969), Tcwnes, Hanoi & Townes (1965); (b) for the Nearctic region -  Tomes & Townes 
(1960); (c) for the Neotropical region -  Muesebeck e t  a l , 1951; Townes & Townes (1966), 
Porter (1978); (d) for the Oriental region -  Gupta (1987); (e) for the Australasian 
region -  Gauld (1985); (f) for the Ethiopian region -  Townes & Townes (1973).
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fem ales n=4, mean lo n g e v ity  41 d a y s ) ;  on w ater o n ly  fo r  an av erag e  of
1 5 .5  days (m a le s , n=3, mean lo n g e v i ty  18 d a y s , fe m a le s  n = l ,  mean 
lo n g e v i ty  8 d a y s ) ;  and when n o t  fe d  a t  a l l  f o r  an a v e ra g e  o f 1 1 .8  
d ays (m a le s ,  n = 8 , mean l o n g e v i t y  11 d a y s ;  f e m a l e s ,  n = 5 , mean 
lo n g e v ity  13 d a y s ) . Three fem ale specim ens of L y ta r m e s  m a c u l ip e n n is  
w ere k e p t  a l i v e  f o r  p e r i o d s  o f  1 8 , 24 and  26 d a y s  on s u g a r  
s o l u t i o n  i n  a c r u d e  l a b o r a t o r y  s e t t i n g  i n  S a b a h  ( E g g l e t o n ,  
unp u b lished  d a t a ) . T his i s  c i r c u m s ta n t i a l  ev id en ce  f o r  th e  p re sen ce  
of some a d u l t  fe e d in g  (o r a t  l e a s t  fo r  th e  need fo r  w a te r ) . Heatwole 
& Davis (1965) r e p o r t  no c o m p e tit io n  e i t h e r  fo r  r e s t i n g  s i t e s  (under 
le a v e s)  o r f o r  food in  M e g a rh y s sa .

5 .4 .1 .  Emergence tim in g s

The most com prehensive d a ta  r e l a t i n g  to  em ergence tim in g s  in  b o th  
sex es was c o l le c te d  by G. E. Thompson between th e  y e a rs  o f 1955 and 
1960, f o r  R h y s s e l l a  a p p r o x i m a t o r . D r. Thompson h as  k in d ly  l e t  me 
a n a ly se  h is  d a ta  and p re s e n t  th e  r e s u l t s  h e re .  The em ergences a re  
p lo t te d  in  f i g s  5 .1  and 5 .2 ,  y e a r  by y e a r  w ith  th e  sex es  s e p a r a te .  
Week 1 i s  2 2 -2 9 th  A p r i l  in  e ach  y e a r .  The p l o t s  show a num ber o f 
i n t e r e s t i n g  f e a tu r e s .

V
(a) As m ales mate w ith  fem ales a t  th e  tim e of fem ale  em ergence (see  

n ex t s e c tio n )  i t  m ight be ex p ec ted  t h a t  m ales sh o u ld  emerge b e fo re  
fem a le s . Do th e  r e s u l t s  o b ta in e d  by Thompson su g g e s t t h a t  t h i s  i s  
so? As th e  em ergence f r e q u e n c ie s  c l e a r l y  do n o t show a n o rm al 
d i s t r i b u t i o n  a n o n - p a r a m e t r i c  m e d i a n - t e s t  h a s  b e e n  p e r f o r m e d  
p roducing  a 2X2 co n tin g en cy  t a b le  to  produce a c h i2 t e s t  s t a t i s t i c  
(F ry e r ,  1 9 6 6 ). T h is  i s  a o n e - t a i l e d  t e s t  _as  o n ly  r e s u l t s  in  th e  
d i r e c t io n  of e a r l i e r  male em ergence a re  o f i n t e r e s t .  The r e s u l t s  a re  
shown in  t a b le  5 .2 .

Table 5 .2  shows t h a t ,  in  a l l  c a se s  b u t th e  1958 one, th e  median o f 
male em ergences o ccu rred  s i g n i f i c a n t l y  b e fo re  th e  m edian in  fem ale  
em ergences. T h is means th a t  th e re  i s  a tendency  f o r  m ales to  emerge
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Combined Males Fem ales

Key: week 1 = 2 2 -29 th  A p ril

F ig  5 .1 .  P l o t s  o f em ergence t im e s  f o r  m ale  and fe m a le  R h y s s e l l a  
a p p r o x im a to r  specim ens, 1955-1957. (D ata from G erald  Thompson).
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F ig  5 .2 .  P l o t s  o f em erg en ce  t im e s  f o r  m ale and fe m a le  R h y s s e l l a  
a p p r o x im a to r  specim ens, 1958-1960. (Data from G erald  Thompson).

1 4 8



T a b l e  5 . 2 .  M e d i a n  t e s t s  f o r  e a r l i e r  m a l e  e m e r g e n c e  o f  R h ysse lla  
approximator, 1 9 5 5 - 1 9 5 0 .

Y e a r c h i 2 p r o b . S i g n i f i c a n c e

1 9 5 5 4 3 . 2 0 < 0 . 0 0 1 S i g n i f i c a n t

1 9 5 6 1 5 . 2 2 < 0 . 0 0 1 S i g n i f i c a n t

1 9 5 7 6 . 8 6 < 0 . 0 5 S i g n i f i c a n t

1 9 5 8 1 . 2 8 > 0 . 2 5 N o t  s i g n i f i c a n t

1 9 5 9 5 6 . 2 2 < 0 . 0 0 1 S i g n i f i c a n t

1 9 6 0 3 2 . 3 < 0 . 0 0 1 S i g n i f i c a n t

T a b l e  5 . 3 .  S e x  

approximator, 1 9 5 5 - 1 9 6 0

r a t i o o f  e m e r g e n c e s  o f  Rhys

Y e a r r a t i o c h i 2 P r e s u l t

1 9 5 5 1 . 1 7 2 . 0 5 0 . 1 5 n o t  s i g n i f i c a n t

1 9 5 6 2 . 7 7 5 9 . 5 6 < 0 . 0 1 s i g n i f i c a n t

1 9 5 7 1 . 3 3 4 . 7 3 < 0 . 0 5 s i g n i f i c a n t

1 9 5 8 1 . 9 5 6 . 4 5 < 0 . 0 5 s i g n i f i c a n t

1 9 5 9 3 . 4 8 3 8 5 . 1 1 < 0 . 0 1 s i g n i f i c a n t

1 9 6 0 2 . 4 2 1 1 9 . 7 6 < 0 . 0 1 s i g n i f i c a n t

14.9



b e f o r e  f e m a l e s ,  a n d  t h u s  b e  i n  a  p o s i t i o n  t o  m a t e  a t  t h e  f e m a l e  

e m e r g e n c e s  s i t e s .  T h e  o n e  y e a r  w h e r e  t h e  r e s u l t  i s  n o t  h i g h l y  

s i g n i f i c a n t  w a s  a  y e a r  o f  l o w  o v e r a l l  e m e r g e n c e  ( 1 9 5 8 )  .

( b )  M a l e  e m e r g e n c e  f r e q u e n c i e s  s h o w  a  s e c o n d a r y  p e a k  i n  l a t e  

s u m m e r .  T h i s  s e c o n d a r y  p e a k  i s  n o t  e a s y  t o  e x p l a i n ,  a s  b y  t h e  t i m e  

t h e s e  m a l e s  a r e  e m e r g i n g  v e r y  f e w  f e m a l e s  a r e  s t i l l  l e f t  t o  e m e r g e  

( i . e .  t h e r e  i s  n o  s e c o n d a r y  f e m a l e  p e a k ) .  T w o  p o s s i b i l i t i e s  p r e s e n t  

t h e m s e l v e s .  F i r s t ,  m a l e s  w h i c h  e m e r g e  l a t e r  m a y  b e  s m a l l e r ,  a n d  

r e p r e s e n t  m a l e s  w i t h  a n  a l t e r n a t i v e  m a t i n g  s t r a t e g y  ( s e e  c h a p t e r  6 )  .  

I n s p e c t i o n  o f  r e a r e d  m a t e r i a l  i n  t h e  c o l l e c t i o n  g i v e s  n o  i n d i c a t i o n  

t h a t  l a t e  e m e r g i n g  m a l e s  a r e  s m a l l e r  t h a n  e a r l y  e m e r g i n g  o n e s .  

S e c o n d ,  t h e  l a t e  e m e r g i n g  m a l e s  m a y  b e  h i b e r n a t i n g  t o  e n s u r e  t h a t  

t h e y  a r e  t h e  f i r s t  t o  e n c o u n t e r  e m e r g i n g  f e m a l e s  n e x t  s p r i n g .  N o  m a l e  

R h ysse lla  s p e c i m e n s  a p p e a r  t o  h a v e  b e e n  c o l l e c t e d  i n  t h ' e  w i n t e r  

m o n t h s .  H i b e r n a t i o n  i s  r e l a t i v e l y  w e l l  d o c u m e n t e d  a m o n g s t  

i c h n e u m o n i d s ,  h o w e v e r ,  e s p e c i a l l y  i n  t h e  P i m p l i n i  ( r e f e r e n c e s  i n  

F i t t o n  e t  a l,  1 9 8 8 ) ,  a l t h o u g h  i t  d o e s  n o t  s e e m  t o  o c c u r  i n  Megarhyssa 
macurus a n d  M. a tra ta  ( D u f f i e l d  & N o r d i n ,  1 9 7 0 ) .

( c )  T h e  s e x  r a t i o  d i f f e r s  m a r k e d l y  f r o m  y e a r  t o  y e a r  ( t a b l e  5 . 3 ) ,  

a n d  i n  a l l  b u t  1 9 5 5  i t  i s  s i g n i f i c a n t l y  m a l e  b i a s e d .  W h e t h e r  t h i s  

i s  d u e  t o  a n  a r t i f a c t  o f  s a m p l i n g  i s  d i f f i c u l t  t o  j u d g e ,  T h e  r a t i o s  

m a y  s h o w  s u c h  s t r i k i n g  d i f f e r e n c e s  f o r  a  v a r i e t y  o f  r e a s o n s .  I t  m a y  

b e  t h a t  d i f f e r e n t  s i z e s . o f  b r a n c h e s  w e r e  c h o s e n  i n  e a c h  y e a r ,  a n d  

t h i s  m i g h t  b i a s  t h e  r e s u l t  e i t h e r  w a y  ( p r o b a b l y  t o w a r d  t h e  m a l e s  i f  

r e l a t i v e l y  t h i n  b r a n c h e s  w e r e  c o l l e c t e d ,  a n d  t o w a r d  t h e  f e m a l e s  i f  

r e l a t i v e l y  t h i c k  b r a n c h e s  w e r e  c o l l e c t e d ) .  H o w e v e r ,  T h o m p s o n  ( p e r s  

c o m m )  c o l l e c t e d  b r a n c h e s  o f  e q u a l  t h i c k n e s s  i n  e a c h  y e a r ,  a n d  a n  

a t t e m p t  w a s  m a d e  t o  s t a n d a r d i s e  r e a r i n g  c o n d i t i o n s  f r o m  y e a r  t o  y e a r .  

A l t e r n a t i v e l y ,  i t  m a y  r e p r e s e n t  a  r e s p o n s e  b y  o v i p o s i t i n g  f e m a l e s  i n  

t h e  p r e v i o u s  y e a r  -  i t  m a y  b e  t h a t  f e m a l e s  l a y  a  f e m a l e  b i a s e d  s e x  

r a t i o  w h e n  r e s o u r c e s  a r e  l o w ,  a s  f e m a l e s  a r e  t h e  l i m i t i n g  r e s o u r c e  i n  

t e r m s  o f  o f f s p r i n g  p r o d u c e d ,  a n d  a  m a l e  b i a s e d  r a t i o  w h e n  r e s o u r c e s  

a r e  l o w .  T h i s  i s  d i f f i c u l t  t o  t e s t  a s  t h e r e  i s  n o  e a s y  w a y  o f  

a s s e s s i n g  r e s o u r c e  l e v e l s  -  a s  t h i s  i s  i n f l u e n c e d  b y  s e v e r a l  f a c t o r s ,
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i n c l u d i n g  m e t e o r o l o g i c a l  c o n d i t i o n s ,  a v a i l a b i l i t y  o f  s u i t a b l e  

m o r i b u n d  b r a n c h e s  f o r  h o s t s ,  a n d  t h e  m o r t a l i t y  o f  t h e  h o s t s  i n  t h e  

p r e v i o u s  y e a r .

5 . 4 . 3 .  M e t e o r o l o g i c a l  e f f e c t s  o n  e m e r g e n c e

I n  a n  a t t e m p t  t o  e x a m i n e  a t  l e a s t  t h e  m e t e o r o l o g i c a l  e f f e c t s  o n  

m a l e  e m e r g e n c e ,  f o u r  w e a t h e r  v a r i a b l e s  ( m e a n  t e m p e r a t u r e ,  n u m b e r  o f  

d a y s  w i t h  a i r  f r o s t ,  s u n l i g h t  h o u r s ,  r a i n f a l l )  h a v e  b e e n  c o l l e c t e d  

m o n t h  b y  m o n t h  f o r  1 9 5 4 - 1 9 6 0 .  T h e  i n f o r m a t i o n  w a s  o b t a i n e d  f r o m  

Weather ( 1 9 5 4 - 6 0 ) ;  t h e  d a t a  a l l  r e f e r  t o  m e t e o r o l o g i c a l  c o n d i t i o n s  a t  

K e w  O b s e r v a t o r y  ( t a k e n  t o  b e  i n d i c a t i v e  o f  t h e  o v e r a l l  w e a t h e r  

c o n d i t i o n s  i n  t h e  s o u t h  o f  E n g l a n d  -  e x a c t  l o c a l i t y  d a t a  w e r e  n o t  

a v a i l a b l e ) .  T h e  f o l l o w i n g  p o s s i b l e  e f f e c t s  w e r e  i n v e s t i g a t e d :  ( a )  

m e a n  m o n t h l y  t e m p e r a t u r e ,  s u n s h i n e  h o u r s  a n d  r a i n f a l l  i n  t h e  p r e v i o u s  

s u m m e r  ( d e f i n e d  a s  A p r i l  t o  J u n e ,  i n  t h e  y e a r  p r e v i o u s  t o  t h e  

e m e r g e n c e s ) ;  a  p o o r  s u m m e r  m i g h t  m e a n  t h a t  o v i p o s i t i n g  f e m a l e s  w e r e  

l e s s  a c t i v e  a n d  f e w e r  e g g s  w e r e  l a i d .  T h i s  m i g h t  b e  e x p e c t e d  t o  

r e s u l t  i n  f e w e r  e m e r g e n c e s  i n  t h e  f o l l o w i n g  y e a r ,  ( b )  m e a n  m o n t h l y  

t e m p e r a t u r e ,  s u n s h i n e  h o u r s  a n d  r a i n f a l l  d u r i n g  t h e  e m e r g e n c e  p e r i o d  

( d e f i n e d  a s  A p r i l  t o  J u n e ,  d u r i n g  t h e  e m e r g e n c e  p e r i o d )  ;  t h i s  m i g h t  

b e  e x p e c t e d  t o  h a v e  a n  e f f e c t  o n  t h e  a c t i v i t y  o f  t h e  i n s e c t s  a n d  

t h e i r  a b i l i t y  t o  s u c c e s s f u l l y  e m e r g e ,  ( c )  m e a n  m o n t h l y  t e m p e r a t u r e ,  

n u m b e r  o f  a i r  f r o s t s ,  s u n s h i n e  h o u r s  a n d  r a i n f a l l  i n  t h e  p r e v i o u s  

w i n t e r  ( d e f i n e d  a s  D e c e m b e r  t o  M a r c h  o f  t h e  p r e v i o u s  w i n t e r ) :  v e r y  

c o l d  w e a t h e r  m i g h t  k i l l  t h e  d e v e l o p i n g  p a r a s i t o i d s  w i t h i n  t h e  w o o d .

O f  t h e s e  p o s s i b i l i t i e s  o n l y  t h e  s u n s h i n e  h o u r s  i n  t h e  s u m m e r  o f  

t h e  e m e r g e n c e  w a s  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  e m e r g e n c e  r e c o r d s  

( n = 6 ,  r = 0 . 8 2 5 1 ,  p  =  0 . 0 2  -  0 . 0 5  f o r  t h e  c o m b i n e d  m a l e  a n d  f e m a l e  

d a t a ;  n = 6 ,  r = 0 . 8 0 5 2 8 ,  p =  0 . 0 2 - 0 . 0 5  f o r  t h e  m a l e  d a t a ;  n = 6 ,  r = 0 . 8 4 9 2 ,  

p <  0 . 0 2  f o r  t h e  f e m a l e  d a t a )  .  I f  t h i s  c o r r e l a t i o n  r e a l l y  m e a n s  

a n y t h i n g  a t  a l l ,  i t  i s  p e r h a p s  t h a t  i n  s u m m e r s  w i t h  v e r y  l i t t l e  

s u n s h i n e ,  l o g s  m a y  n o t  b e  a b l e  t o  h e a t  u p  e n o u g h  t o  p r o v i d e  t h e  

e c t o t h e r m i c  i n s e c t s  i n s i d e  w i t h  a  s u i t a b l e  t h e r m a l  e n v i r o n m e n t  f o r  

e m e r g e n c e .  T h e  e f f e c t  m i g h t  b e  e x p e c t e d  t o  b e  g r e a t e r  f o r  m a l e s  t h a n
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f e m a l e s ,  a s  m a l e s  a r e  s m a l l e r  a n d  t h e r e f o r e  h a v e  a  l e s s  a d v a n t a g e o u s  

s u r f a c e  a r e a  t o  v o l u m e  r a t i o .  I f  t h i s  i s  t h e  c a s e  t h e r e  o u g h t  t o  b e  a  

c o r r e l a t i o n  b e t w e e n  s e x  r a t i o  a n d  s u n s h i n e  h o u r s .  H o w e v e r ,  i n  t h i s  

c a s e  i t  i s  n o t  s t a s t i c a l l y  s i g n i f i c a n t  ( n = 6 ,  r = 0 . 3 6 4 5 ,  p >  0 . 1 ;

h o w e v e r ,  i t  i s  m a r g i n a l l y  s i g n i f i c a n t  f o r  a i r  t e m p e r a t u r e :  n = 6 ,  

r = 0 . 7 4 6 0 ,  p =  0 . 1 - 0 . 0 5 ) .

Z o n d a g  & N u t t a l l  ( 1 9 6 1 )  p r e s e n t  e m e r g e n c e  r e c o r d s  f o r  Rhyssa 
l in e o la ta  a n d  Rhyssa persu asoria  i n  N e w  Z e a l a n d .  T h e  r e s u l t s  s h o w  a  

s i m i l a r  p a t t e r n  o f  m a l e  e m e r g e n c e  o c c u r r i n g  b e f o r e  f e m a l e  e m e r g e n c e ,  

a n d  a  b i a s e d  s e x  r a t i o ,  b u t  n o  s e c o n d a r y  p e a k  i n  m a l e  n u m b e r s  i n  l a t e  

s u m m e r .  H e a t w o l e  & D a v i s  ( 1 9 6 5 ) ,  l o o k i n g  a t  m u s e u m  s p e c i m e n s  o f  

Megarhyssa,  n o t e d  t h e  s e x  o f  t h e  f i r s t  r e c o r d e d  c a p t u r e s  o v e r  a  

n u m b e r  o f  y e a r s  a n d  c o n c l u d e d  t h a t  t h e r e  w a s  n o  s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  p o o l e d  s e x  r a t i o .  T h i s  i s ,  o f  c o u r s e ,  n o t  a  d i r e c t  

m e a s u r e  o f  e m e r g e n c e  t i m e s .  I t  i s  a l s o  p r o b a b l e  t h a t  m o r e  f e m a l e s  

a r e  c a p t u r e d ,  d u e  t o  t h e i r  c o n s p i c u o u s n e s s ,  a t  a l l  t i m e s  o f  y e a r ,  a n d  

t h i s  m a y  b e  a  m a j o r  f a c t o r  b i a s i n g  t h e  r e s u l t s .

5.5. Male reproductive behaviour

5 . 5 . 1 .  M a l e  r e p r o d u c t i v e  b e h a v i o u r  i n  Rhyssa  a n d  Megarhyssa

O n c e  e m e r g e d  t h e  m a l e s  i m m e d i a t e l y  b e g i n  h u n t i n g  f o r  f e m a l e  

e m e r g e n c e  s i t e s .  A  s u i t a b l e  l o g  i s  l o c a t e d  a n d  t h e  s e a r c h i n g  

i n s e c t s  w a l k  u p  a n d  d o w n  t h e  l o g  o r  c i r c l e  i t  f l y i n g  w i t h  t h e i r  

a b d o m e n s  a t  r i g h t  a n g l e s  t o  t h e  b o l e  o f  t h e  t r e e  a n d  t h e  i n d i v i d u a l s  

t h o r a x ,  w h i c h  i s  p a r a l l e l  w i t h  t h e  b a r k  ( C r a n k s h a w  & M a t t h e w s ,  1 9 8 1 ) .  

H e a t w o l e  & D a v i s  ( 1 9 6 5 )  h a v e  s h o w n  b y  m a r k i n g  e x p e r i m e n t s  t h a t  b o t h  

m a l e s  a n d  f e m a l e s  h a b i t u a l l y  r e t u r n  t o  t h e  l o g s  t h a t  t h e y  e m e r g e d  

f r o m .  I t  i s  n o t  s t a t e d  w h e t h e r  i n d i v i d u a l s  r e t u r n  t o  t h e  l o g  t h e y  

e m e r g e d  f r o m  m o r e  o f t e n  t h a n  t h e y  v i s i t e d  o t h e r  s u i t a b l e  l o g s .  H o w  

t h e s e  p a r t i c u l a r  l o g s  a r e  i d e n t i f i e d  i s  u n k n o w n .  H o w e v e r ,  we  h a v e  

s o m e  i d e a  o f  h o w  e m e r g e n c e  s i t e s  i n  g e n e r a l  a r e  l o c a t e d .

F u n g a l  c u e s  s e e m  t o  b e  e s p e c i a l l y  i m p o r t a n t .  M a d d e n  ( 1 9 6 8 )  a n d
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D a v i e s  & M a d d e n  ( 1 9 8 5 )  h a v e  s h o w n  t h a t  M e g a r h y s s a  n o r t o n i  m a l e s  

r e s p o n d  t o  t h e  s i r i c i d  s y m b i o n t  ( P a r k e r ,  1 9 4 2 ) ,  A m y lo s te re u m  s p .  ( a  

b a s i d i o m y c e t e  f u n g u s ) ,  w h e t h e r  p r e s e n t e d  o n  f i l t e r  p a p e r ,  i n  a g a r  

c u l t u r e  o r  i n  t h e  h o s t  f r a s s .  T h e  r e s p o n s e  i s  o n e  o f  a t t r a c t i o n  

l e a d i n g  t o  g r e a t l y  i n c r e a s e d  r e c r u i t m e n t  o f  m a l e s  t o  a  s i t e .  T h i s  

e f f e c t  i s  d e p e n d e n t  o n  c u l t u r e  a g e .  T h i s  a t t r a c t i o n  m a y  b e  d u e  t o  

t h e  l o c a l i s e d  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  f u n g a l  v o l a t i l e s  

a s s o c i a t e d  w i t h  m o i s t u r e  c h a n g e s  o c c u r r i n g  d u r i n g  a d u l t  e c l o s i o n .  

C e r t a i n l y ,  w a t e r  i n t r o d u c e d  i n t o  f r a s s  f i l l e d  e m e r g e n c e  b u r r o w s  w i l l  

r e s u l t  i n  m a l e  a g g r e g a t i v e  b e h a v i o u r  1 - 2  d a y s  l a t e r  ( M a d d e n  &  D a v i e s ,  

1 9 8 5 )  .  T h e  s a m e  e f f e c t  h a s  b e e n  o b s e r v e d  i n  R h y ssa  p e r s u a s o r i a ,  
b u t  a t  d i f f e r e n t  t h r e s h o l d  r e s p o n s e  l e v e l s  {o p . c i t . ) .

f
I n  a d d i t i o n ,  H e a t w o l e  e t  a l  ( 1 9 6 4 )  h a v e  s u g g e s t e d  t h a t  m a l e s  m a y  

f i n d  t h e  p o s i t i o n  o f  e m e r g e n t s  b y  c h e w i n g  n o i s e s  m a d e  b y  t h e m  w h i l e  

m a k i n g  t h e i r  w a y  t o  t h e  s u r f a c e  o f  t h e  l o g .  H e  r e c o r d e d  t h e  s o u n d  

m a d e  b y  e m e r g i n g  f e m a l e s  a n d  e l i c i t e d  p r e - c o p u l a t o r y  r e s p o n s e s  f r o m  

m a l e s  w h e n  t h e s e  w e r e  p l a y e d  b a c k  u n d e r  l a b o r a t o r y  c o n d i t i o n s .

M a l e  r h y s s i n e s  a r o u n d  f u t u r e  e m e r g e n c e  s i t e s  f o r m  i n t o  

c h a r a c t e r i s t i c  a g g r e g a t i o n s  ( B a r l o w ,  1 9 2 1 ;  C h a m p l a i n  1 9 2 1 ;  Y a s u m a t s u ,  

1 9 3 7 ,  1 9 3 8 ) .  T h e s e  m a y  p a r t i a l l y  b e  d u e  t o  a  g r o u p  o f  i n d i v i d u a l s  

a l l  r e a c t i n g  t o  e m e r g e n t  s t i m u l i  a t  t h e  s a m e  t i m e .  I t  i s  a l s o  

p r o b a b l y  a s s o c i a t e d  w i t h  p h e r o m o n e s  p r o d u c e d  b y  t h e  w a i t i n g  m a l e s  

t h e m s e l v e s .  M a l e s  o f  M e g a rh y ssa  n o r to n i  a n d  R h y ssa  p e r s u a s o r i a  h a v e  

b e e n  s h o w n  t o  p r o d u c e  v a r i o u s  m a n d i b u l a r  s e c r e t i o n s  ( D a v i e s  & M a d d e n ,  

1 9 8 5 )  w h i c h  m a y  p a r t i a l l y  a c t  a s  a n  a g g r e g a t i v e  c u e .  T h e s e  s e e m  t o  

b e  s p e c i e s - s p e c i f i c  p h e r o m o n e s  a n d  a r e  p r o b a b l y  a l s o  i n v o l v e d  i n  

r e c o g n i t i o n  o f  c o n s p e c i f i c  f e m a l e s  w h e n  a n  e m e r g i n g  i n s e c t  b r e a k s  

t h r o u g h  t o  t h e  s u r f a c e  o f  a  l o g  ( s e e  b e l o w ) .

I n  a l l  g r o u p s  a g g r e g a t i v e  b e h a v i o u r  i t s e l f  i s  a s s o c i a t e d  w i t h  

i n t e n s e  a n t e n n a t i o n .  M a l e s  t a p  t h e  s u b s t r a t e  a n d  e a c h  o t h e r  w i t h  t h e  

d i s t a l  p a r t s  o f  t h e i r  a n t e n n a e .  I n  o t h e r  r e s p e c t s ,  h o w e v e r ,  t h e r e  i s  

a  f a i r  a m o u n t  o f  v a r i a t i o n ,  e s p e c i a l l y  i n  t h e  d e n s i t y  o f  m a l e s  a t  a 

s i t e  a n d  t h e i r  r e a c t i o n s  t o  e a c h  o t h e r .
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M e g a r h y s s a  s p e c i e s  form  th e  d e n s e s t  and l a r g e s t  a g g r e g a t io n s  y e t  
re c o rd e d  (C h ry s ta l & S k in n e r , 1932; Heatwole e t  a l ,  1964; Crankshaw 
and M atthew s, 1 98 1 ). In  one case  Three N e a rc tic  s p e c ie s  (M e g a rh y ssa  
a t r a t a , M e g a r h y s s a  g r e e n e i  and M e g a r h y s s a  m a c u ru s )  may o c c u r in  
enorm ous a g g r e g a t io n s  t o g e th e r  a t  th e  same tim e  (som etim es o v e r  
t h i r t y  i n d i v i d u a l s )  . Much o f th e  b e h a v io u r  a t  th e s e  p la c e s  i s
r e l a t e d  to  th e  p e c u l ia r  abdom inal m o d if ic a tio n s  o f M e g a rh y ssa  and th e  
p re s e n c e  o f a n a l  g la n d s  (M atthew s e t  a l ,  1979; se e  c h a p te r  6 ) .
T hese b e h a v io u r s  in c lu d e  ab d o m in a l t ip p in g ,  t e r g a l  s t r o k i n g  and 
a tte m p ts  a t  abdom inal i n s e r t i o n  in to  c rack s  in  th e  b a rk . These a re  
d e s c r ib e d  below :

^(1) Abdominal t ip p in g .  The abdomen in  ben t forw ard  between th e  
le g s ,  and l e f t  m o tio n le s s .  T h is i s  p o s s ib ly  a 'r e a d y ' p o s i t io n  p r i o r  
to  i n s e r t i n g .  (2) T e rg a l  s t r o k i n g .  A v e ry  s i m i l a r  a t t i t u d e  i s
ta k e n  up as in  ( 1 ) b u t h e re  th e  f i n a l  t e r g i t e  (c o m p le te  w ith  a n a l  
g land) i s  rubbed a g a in s t  th e  s u b s t r a t e  p a r a l l e l  to  th e  o r i e n t a t io n  o f 
th e  body. (3) Abdominal i n s e r t i o n .  Here th e  male a tte m p ts  to  i n s e r t  
i t s  long  abdomen in to  c ra c k s  in  th e  bark  which a re  n o t n e c e s s a r i ly  
r e l a t e d  to  e m e rg e n c e  s i t e s .  (2) and (3) may be e x a m p le s  o f
d isp lacem en t a c t i v i t i e s  (Matthews e t  a l ,  1979).

At the  same tim e as a l l  th e s e  a c t i v i t i e s  a re  going on th e re  i s  a 
p e r io d  of j o s t l i n g  and in te n s e  e f f o r t  to  keep abdomens tip p ed  o ver 
th e  fu tu r e  s i t e  of em ergence. I t  was a ls o  found th a t  as th e  em erging 
fem ale got c lo s e r  to  th e  s u r fa c e  th e  p ro p o r tio n  of n o n -c o n s p e c if ic  
m ales in  a g ro u p  d ro p p ed  (C rankshaw  & M atthew s, 1 9 8 1 ). I f  th e  
e m e rg e n t t u r n e d  o u t  to  be a m ale  o r  an e m e rg in g  h o s t  th e n  t h e  
a g g re g a tio n  s p e e d i ly  d is p e r s e d .

A ggrega tion s a re  re p o r te d  to  be much lo o se r  in  R h y ssa  (S pradbery , 
1 9 7 0 b ; D a v ie s  & M ad d en , 1 9 8 5 ;  b u t  c f .  C h a m p io n , 1 9 2 9 ) a n d  
in te r m e d ia te  in  d e n s i t y  in  R h y s s e l l a  (S k in n e r  & Thompson, 1960; 
Thompson, p e r s  comm; E g g le to n ,  u n p u b lis h e d  d a t a ) . T h ere  w ere no 
p ro p e r a g g re g a tio n s  in  L y ta r m e s  m a c u l ip e n n is  (see  b e lo w ). None of th e  
c h a r a c t e r i s t i c  M e g a rh y ssa  g a s tr a l -b e n d in g  b eh av io ur has been reco rd ed  
in  R h y ssa , b u t i t  c e r t a i n l y  does occur in  R h y s s e l l a  and L y ta r m e s  (see
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b e lo w ) . Two s t u d i e s  (M yers, 1928 ; D av ies  & Madden, 1985) s u g g e s t  
t h a t  R h y ssa  may be in c a p a b le  of bend ing  i t s  abdomen between i t s  l e g s ,  
due to  i t s  abdom inal m orphology, and th a t  t h i s  may e x p la in  th e  la c k  
o f a M e g a r h y s s a - l ik e  re sp o n se .

The l a b e n i n e ,  C e r t o n o t u s  t a s m a n e n s i s  a l s o  shows a s i m i l a r  
a g g re g a tiv e  re sp o n se  to  M e g a rh y ssa  (D avies & Madden, 1985). In  f a c t  
a number o f la b e n in e s  have s im i la r  abdom inal m o d if ic a tio n s  in  m ales 
as  th o se  in  rh y s s in e s .

S u r p r i s i n g l y  t h e r e  i s  l i t t l e  e v id e n c e  o f  t e r r i t o r i a l i t y  o r  
dominance h ie r a r c h ie s  w ith in  a g g re g a tio n s  (see  b e lo w ). Heatwole e t  
a l  (1964) and N u t ta l l  (1973) r e p o r t  no such b eh a v io u r , and Crankshaw 
& M atthew s (1981) and D av ies  & Madden (1985) have o b se rv e d  m u tu a l 
a g g re ss io n  b u t w ith  no ap p a ren t dominance s t r u c tu r e  between m ales. In  
M e g a r h y s s a  n o r t o n i  and R h y s s a  p e r s u a s o r i a  th e  m a n d ib u la r  g la n d  
s e c r e t io n s  have been found to  c o n ta in  6 -m e th y lh e p t-5 -en e -2 -o n e  which 
has been i d e n t i f i e d  in  o th e r  g ro u p s  as  a r e p e l l e n t  (and a la rm ) 
pheromone (D avies & Madden, 1985) , and a l l  though t h i s  may a c t  as a 
g e n e ra l  a n t i-m a le  su b s tan ce  no t r a c e  of a h ie ra rc h y  based  on t h i s  has 
been d e s c r ib e d . Matthews e t  a l  (1982) however do re p o r t  some s o r t  of 
dom inance h ie r a r c h y  in  one a s p e c t  o f M e g a r h y s s a  b e h a v io u r .  They 
found th a t  i t  was n e a r ly  alw ays th e  same one o r two in d iv id u a ls ,  a t  
any one a g g r e g a t i o n  s i t e  w h ich  d id  th e  m a j o r i t y  o f  th e  t e r g a l  
s t r o k in g .

The moment th a t  th e  fe m a le 's  head i s  v i s i b l e  a group of s p e c ie s -
s p e c i f i c  chem ica ls  produced by th e  m andibular g lan d s  can be d e te c te d
by m ales a t  th e  su r fa c e  and i n c i t e  c o n s p e c if ic  m ales to
a ttem p t to  c o p u la te  w ith  h e r .  T his may be e s p e c ia l ly  im p o rtan t where
th e re  i s  sym patry  between rh y s s in e s  and m ix ed -sp ec ie s  a g g re g a tio n s
a re  fo rm ed . In  M e g a r h y s s a  n o r t o n i  th e s e  s e c r e t i o n s  a p p e a r  to  bex,/group of c lo s e ly  r e l a t e d  s p i r o a c e t a l s , and in  R h y ssa  p e r s u a s o r i a  th ey  
seem to  be p red o m in an tly  3-OH-3-methyl b u ta n -2 -o n e . (Madden & D av ies, 
1985).

In  M e g a rh y ssa  once th e  fem ale has made an open ing  to  the  su r fa c e
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th e  su rro u n d in g  m ales a tte m p t to  i n s e r t  t h e i r  abdomens in to  th e  h o le .  
T h is a c t i v i t y  i s  a s s o c ia te d  w ith  two main b e h a v io u ra l a c t i v i t i e s :  (1) 
T e r g a l  s t r o k i n g ,  and  (2) p r e - e m e r g e n c e  c o p u l a t i o n .  T h ese  a r e  
d e s c r ib e d  below :

(1) T e r g a l - s t r o k i n g .  As d is c u s s e d  e ls e w h e re  ( c h a p te r  6 ) m ost 
rh y s s in e  s p e c ie s  have m ales which p o sse ss  a n a l g lan d s s i t u a t e d  around, 
th e  o p e n in g  o f  t h e  a n u s  j u s t  p o s t e r i o r  to  t h e  9 th  (a b d o m in a l)  
t e r g i t e .  The c h a r a c t e r i s t i c  u se  o f t h i s  g la n d  in  p r e - i n s e r t i o n  
t e r g a l - s t r o k in g  i s  d e s c r ib e d  above. Matthews e t  a l  (1979) su g g e s t 
t h a t  c e l l s  o f th e  h ind  gu t may be in v o lv ed  in  p roducing  s e c r e t io n s  
which a c t  in  some way as a m ark an t. I t  i s  p o s s ib le  th a t  t h i s  m arkant 
i s  s e c r e t e d  o n to  th e  s e t a e  o f th e  a n a l  g la n d  (se e  f i g .  6 .1 7 ) and 
rubbed a g a in s t  th e  em ergen t. The fu n c tio n  of t h i s  supposed su b s ta n ce  
i s  unknown, a lth o u g h  i t  may be th a t  t e r g a l - s t r o k in g  of th e  s u b s t r a te  
may in c re a s e  th e  l ik e l ih o o d  th a t  a male w i l l  r e tu r n  to  the  same t r e e .

(2) P re -e m e rg e n c e  c o p u la t io n .  The p o s s i b i l i t y  t h a t  M e g a r h y s s a  
m ales m ight mate w ith  em erging fem ales b e fo re  th ey  lea v e  t h e i r  e x i t  
tu n n e ls  h a s  been  d is c u s s e d  f o r  many y e a r s  (G ade, 1834; H a r r in g to n  
1887). Some e a r l i e r  a u th o rs  (Gade, 1834; A bb o tt, 1936) d isc o u n te d  
t h i s  p o s s i b i l i t y  because th ey  d id  n o t b e l ie v e  t h a t  many of th e  m ales 
would be a b le  reach  down to  th e  fe m a le 's  g e n i t a l  opening through  th e  
emergence tu n n e l and in se m in a te  h e r .  However, N u t ta l l  (1973) seemed 
to  show th a t  i t  was p o s s ib le  fo r  a male to  i n s e r t  d eep ly  enough in to  
th e  h o le  to  m ate. Crankshaw and Matthews (1981) found sperm in  th e  
sp e rm a th e c a  o f a fem a le  t h a t  had been  a llo w e d  to  e n c o u n te r  o n ly  
in s e r t i n g  m ales , p ro v id in g  s t ro n g  ev iden ce  fo r  th e  e x is te n c e  of p re ­
emergence f e r t i l i s a t i o n .  Y asum atsu 's (1937) e x c e l le n t  draw ings of 
i n s e r t i n g  m ales of M eg a rh yssa  p r a e c e l l e n s  a re  rep ro du ced  in  f i g s  5 .3  
and 5 .4 .

The d e t a i l s  of th e  above p ro c e ss  have been most c lo s e ly  s tu d ie d  in  
th e  t h r e e  s y m p a t r i c  M e g a r h y s s a  s p e c i e s  (M atth ew s e t  a l ,  1 9 7 9 ; 
Crankshaw & M atthews, 1981). H ere, up to  8 m ales may i n s e r t  a t  any 
one tim e, and th e re  may be i n s e r t e r s  of a l l  3 s p e c ie s .  In  a l l  c a s e s , 
though, m ales c o n s p e c if ic  to  th e  em erging fem ale a re  th e  most common
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F ig  5 .3 .  P a r t i a l  male i n s e r t i o n  in  M e g a rh y ssa  p r a e c e l l e n s ,  p r io r  to  
fem ale em ergence. (From Yasum atsu, 1937).

F ig  5 .4 .  F u l l  male i n s e r t i o n  in  M e g a rh y ssa  p r a e c e l l e n s ,  as fem ale 
em erges. (From Y asum atsu, 1937).
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i n s e r t e r s .  I t  i s  n o t known i f  th e  fem a le  h a s  any m echanism f o r  
p r e v e n t in g  n o n - c o n s p e c i f i c s  from  m a tin g  w ith  h e r  o r  f o r  c h o o s in g  
p a r t i c u l a r  c o n s p e c if ic  m ales to  mate w ith . As th e  fem ale e n la rg e s  
th e  em ergence h o le  th e  m ales a re  a b le  to  g e t  more and more o f t h e i r  
abdomens down th e  tu n n e l ,  up to  th e  p o in t  when some were in s e r te d  up 
to  th e  m e ta th o r a x .  M ales rem a in e d  i n s e r t i n g  f o r  a v e ry  v a r i a b l e  
le n g th  of tim e ~ (2-410 m in u te s ) . The av erag e  s i z e  of f i r s t  i n s e r t e r s  
d id  n o t d i f f e r  s i g n i f i c a n t ly  from th e  av erag e  s iz e  of males in  a l l  
a g g r e g a t io n s .  In  a d d i t i o n ,  t h e r e  was no c o r r e l a t i o n  betw een  th e  
o rd e r  of a r r i v a l  a t  th e  s i t e  and th e  o rd e r  of i n s e r t i o n .  In  90% o f 
a l l  c a se s  m ales would leav e  th e  a g g re g a tio n  a f t e r  f u l l  i n s e r t i o n .

Once emerged th e  fem ale M e g a rh y ssa  w alks away from the  emergence 
h o le  w ith  m ales fo llo w in g  h e r and a tte m p tin g  to  c o p u la te  w ith  h e r .  
These fem ales e i t h e r  d id  n o t respond  to  t h i s  b eh av io u r o r a ttem p ted  
to  sh rug  o f f  th e  m ales . P ost-em ergence  c o p u la tio n  fo llow ed  33% o f 
em ergences w here th e  fem a le  rem a in ed  u n d i s tu r b e d .  I t  i s  p ro b a b le  
th a t  fem ales a re  n o t alw ays r e c e p t iv e  a f t e r  em ergence, and a ls o  th a t  
th ey  rem ain r e c e p t iv e  fo r  o n ly  a s h o r t  tim e a f t e r  in  any c a se . T h is 
may be th e  g e n e r a l  r u l e  in  p a r a s i t i c  H ym enoptera (G auld & B o lto n , 
1988) .

In  R h y ssa  m ating  alw ays ta k e s  p la c e  a f t e r  em ergence. Myers (1928) 
conducted  an experim ent to  show th a t  m ales of R h y ssa  p e r s u a s o r ia  were 
u n re c e p tiv e  to  em erging fem a le s , a lth o u g h  th e  number o f r e p l i c a te s  
was v ery  low .

5 .5 .2 .  Male re p ro d u c tiv e  b eh av io u r in  R h y s s e l l a

D uring th e  making of S kinner & Thompson (1960), G. H. Thompson took a 
number o f p h o to g ra p h s  o f m ale r e p r o d u c t iv e  b e h a v io u r  in  R h y s s e l l a  
a p p r o x im a to r .  He has k in d ly  g iv en  p e rm iss io n  fo r  some them to  be used  
h e r e .  A lth o u g h  th e r e  a r e  no w r i t t e n  o b s e r v a t io n s  t h a t  go w ith  th e  
p h o to g ra p h s , th e  g e n e r a l  p a t t e r n  o f r e p r o d u c t iv e  b e h a v io u r  can be 
deduced.
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Fig 5.5. Male aggregation in R h y s s e l l a  a p p r o x i m a t o r , prior to female 
emergence. (Photograph courtesy of Gerald Thompson).

Fig 5.6. Male aggregation in R h y s s e l l a  a p p r o x i m a t o r , showing
characteristic abdomen-bending behaviour. (Photograph 
courtesy of Gerald Thompson).
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Fig 5 .7 . Male in s e r t i o n  in  R h y s s e l l a  a p p r o x im a to r .  Arrow p o in ts  to  
em erging fem ale . (Photograph c o u r te sy  of G erald  Thompson).
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F ig  5 .5  show s a c h a r a c t e r i s t i c  a g g r e g a t i o n  a ro u n d  a fe m a le  
e m e rg en c e  s i t e .  T h e re  a r e  two m a le s  sh o w in g  a b d o m in a l b e n d in g  
b eh a v io u r , and a n o th e r  two m ales c lo s e  by . T his a g g re g a tio n  i s  much 
more compact th an  t h a t  found in  L y ta r m e s  m a c u l ip e n n is  (see  b e lo w ), 
more l i k e  t h a t  fo u nd  in  M e g a r h y s s a  (above) . The abdomen b en d in g  
b eh av io u r i s  shown in  f i g  5 .6 , th e  way th e  abdomen i s  h e ld  i s  v e ry  
s im i la r  to  t h a t  found in  M e g a rh y ssa  (Yasum atsu, 1937, 1938; Crankshaw 
& M atthews, 1981) and L y ta r m e s  m a c u l ip e n n is  (see  below ).

F ig  5 .7  shows a p re -e m e rg e n c e  i n s e r t i o n  by a m a le , t h i s  i s  v e ry  
s i m i l a r  to  t h a t  fo u nd  in  M e g a r h y s s a .  A d d i t io n a l  p h o to g ra p h s  and 
Thompson's a n e c d o ta l d e s c r ip t io n s  (p e rs  comm) su g g est s t ro n g ly  th a t  
R h y s s e l l a  m a les  a r e  show ing  a p re -e m e rg e n c e  sc ra m b le  c o m p e t i t io n  
system .

5 .5 .3 .  Male re p ro d u c tiv e  b eh av io u r i n  L y ta r m e s

The r e p r o d u c t i v e  b e h a v io u r  o f o n ly  one s p e c i e s  o f t r o p i c a l  
rh y s s in e s  has ev er been o b se rv ed . T his was a s in g le  o b se rv a tio n  a t  
th e  Danum V alley  F ie ld  S tu d ie s  C en tre  on L y ta r m e s  m a c u l ip e n n is .  The 
d e t a i l s  of t h i s  a re  g iven  below (and a ls o  in  E g g le ton , in  p r e s s ) .

M ales o f L y ta r m e s  m a c u l i p e n n i s  w ere f i r s t  o b se rv e d  a t  11 :30  h r s  
13 th  December 1986 [ j u s t  p a s t  E l l  on th e  Danum V alley  F ie ld  C en tre  
t r a i l  system ] . They were f ly in g  round a group of 7 f a l le n  lo g s  a l l  
a p p a re n t ly  p a r t  o f th e  same f a l l e n  t r e e .  At t h i s  s ta g e  two s o r t s  o f 
beh av io u r were o b se rv ed : (a) s e a rc h in g  b eh av io u r; where males were
v ig o ro u s ly  tap p in g  th e  s u b s t r a te  w ith  t h e i r  an ten n ae . This o ccu rred  
e i t h e r  as  th e y  fle w  up and down lo g s  w ith  t h e i r  g a s t e r s  h e ld  a t  
ro u g h ly  90 d eg rees  away from the  s u r fa c e  of th e  wood, o r w hile th ey  
walked on th e  s u r fa c e  of th e  lo g . (b) R es tin g  b eh av io u r; rem ain ing  
m o tio n le ss  on th e  shaded p a r ts  of lo g s  o r under nearby  le a v e s . There 
was no c l u s t e r i n g  o f th e  m ales a t  any one p o i n t .  Fem ales w ere 
o c c a s i o n a l l y  s e e n  f l y i n g  a r o u n d  b u t  t h e y  d id  n o t  show  a n y  
c h a r a c t e r i s t i c  s e a rc h in g  b eh a v io u r . D uring th e  o b se rv a tio n  p e r io d s  
th e re  were o n ly  two o cc a s io n s  when th e re  was in t e r a c t io n  between th e
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s e x e s . On bo th  o cc a s io n s  a male approached  a fem ale and tapped h e r 
w ith  h i s  an tenn ae  b u t th e  fem ale flew  away im m edia tely  a f t e r .

On app roach ing  th e  s tu d y  s i t e  on th e  t h i r d  day o f o b se rv a tio n  ( a t  
0 6 :0 0 )  i t  was n o t i c e d  t h a t  o ne l a r g e  lo g  h ad  a g ro u p  o f  m a le s  
c lu s te r e d  lo o s e ly  around i t s  end . T h is group c o n s is te d ,  a t  any one 
tim e , of between 4 and 6 in d iv id u a ls  (F ig  5 .8 ) .  From 08:20 onw ards, 
and a t  i r r e g u l a r  i n t e r v a l s ,  a n o is e  co u ld  c l e a r l y  be heard  (from a 
d is ta n c e  o f up to  2 m etres) coming from th e  lo g . I t  resem bled th e  
so u n d  o f  ch e w in g  and  s c r a t c h i n g  and  was c a u s e d  by th e  fe m a le  
e n la r g in g  th e  em ergence tu n n e l  sh e  was m aking b e n e a th  th e  wood. 
These n o ise s  had an im m ediate e f f e c t  on th e  m ales; th ey  tapped more 
r a p i d l y  w ith  t h e i r  a n te n n a e  and beg an  to  i n t e r a c t  w ith  each  o th e r  
more f r e q u e n t ly .

The male in t e r a c t io n s  began soon  a f t e r  th e  n o ise s  of emergence were 
f i r s t  h e a rd . One la rg e  male [fo rew ing  le n g th  11 .2  mm] flew  on to  th e  
lo g  c lo s e  to  th e  so u rce  of th e  n o is e s .  The la c k  of a la rg e  p o r t io n  
o f h i s  l e f t  h indw ing c le a r l y  i d e n t i f i e d  t h i s  male and h is  movements 
th ro u g h o u t were easy  to  o b se rv e . From then  on sm a lle r  males would 
r e p e a te d ly  approach th e  la r g e  male by c raw lin g  toward him over th e  
s u r f a c e  o f th e  lo g  o r by f l y i n g  above him . In  e i t h e r  c a se  th e  
sm a lle r  m ales seemed to  be a tte m p tin g  to  b i t e  a t  th e  wings and g a s te r  
of th e  l a r g e  m a le , w hich i n v a r i a b l y  r e p u ls e d  them by b i t i n g  a t  an 
app roach ing  c raw lin g  male o r sh ak ing  o f f  a f ly in g  one. The l a r g e r  
male would always r e tu r n  to  w ith in  10mm o f th e  emergence s i t e  (which 
was marked w ith  cha lk ) and a t  no tim e was any o th e r  male w ith in  t h i s  
a re a  (F ig  5 .9 ) .  I f  th e  m ales were d is tu rb e d  from th e  log  a t  any tim e 
, e i t h e r  d e l i b e r a t e l y  by th e  i n v e s t i g a t o r  o r  a c c i d e n t a l l y  by 
e x tra n e o u s  n o i s e ,  th e  l a r g e  m ale w ould f l y  a few m e tre s  away and 
r e tu r n  to  th e  marked a re a  w ith in  20  seco n d s.

At 1 2 :1 0  th e  jaw s o f th e  em erg in g  fem a le  c o u ld  c l e a r l y  be se e n  
through  th e  wood (F ig  5 .9 ) .  At t h i s  s ta g e  th e  la rg e  male brought h i s  
g a s te r  forw ard between h is  le g s  so th a t  i t s  t i p  was in  c o n ta c t w ith  
th e  b a rk  of th e  t r e e ,  ab o u t l e v e l  w ith  h i s  head  (F ig  5 .1 0 ) .  At no 
tim e was th e r e  th e  r a p id  movement o f th e  g a s t e r  t i p  a c ro s s  th e
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F i g  5 . 8 .  L o o s e  m a l e  a g g r e g a t i o n  i n  L y ta r m e s  m a c u l ip e n n is ,  p r i o r  t o  

f e m a l e  e m e r g e n c e .

F i g  5 . 9 .  M a g n i f i e d  v i e w  o f  l a r g e  L y ta rm e s  m a c u l ip e n n is  m a l e  g u a r d i n g  

e m e r g e n c e  s i t e .  A r r o w  p o i n t s  t o  t h e  h e a d  o f  t h e  e m e r g i n g  

f e m a l e .
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Fig 5 .10 . Guarding male of L ytarm es m a cu lip en n is , showing abdomen­
bending behaviour c lo se  to  female emergence ho le .
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s u b s t r a t e  se e n  in  M e g a r h y s s a  and known as  t e r g a l  s t r o k i n g  (s e e  
ab o v e). Subsequent d i s s e c t io n  has shown, however, th a t  an a n a l g la n d  
i s  p r e s e n t  i n  t h i s  s p e c ie s  s i m i l a r  to  t h a t  found  in  M e g a r h y s s a . 
None of th e  sm a ll m ales showed t h i s  abdom en-bending b eh av io u r.

The em erg in g  fe m a le  c o n t in u e d  to  e n la r g e  th e  em ergence h o le  J>y 
chewing o f f  p ie c e s  from around i t s  p e r ip h e ry . On 12 o cc a s io n s  th e  
male drew th e  t i p  o f h i s  g a s te r  a c ro s s  th e  h o le  a p p a re n tly  over th e  
head o f th e  fem a le . On 4 o c c a s io n s  th e  fem ale p u lle d  h e r s e l f  some 
way o u t o f th e  h o le  b u t was u n ab le  to  emerge co m p le te ly , becau se  i t  
was n o t y e t  l a r g e  eno ugh . Each tim e  th e  l a r g e  m ale i n s e r t e d  h i s  
g a s te r  under th e  th o ra x  o f th e  fem ale b e fo re  she r e t r e a te d  in to  th e  
h o le . F in a l ly ,  she emerged c o m p le te ly  ou t o f th e  h o le  ( a t  1 4 :1 0 ) .fAs she d id  so th e  la r g e  male in s e r te d  h is  g a s te r  fo r  about 2 seco n d s , 
fo llo w in g  which 3 o f th e  s m a lle r  m ales flew  to  th e  s i t e  and c lu n g  on 
to  th e  fe m a le 's  th o ra x  and g a s t e r .  The fem ale was n o t a r r e s t e d  in  
h e r movement o u t o f th e  log  and once she had com ple te ly  emerged she 
fle w  o f f  a p p a r e n t ly  w ith  th e  s m a l le r  m ales s t i l l  a t t a c h e d .  The 
sm a lle r  m ales were a t ta c h e d  fo r  l e s s  th an  2 seconds b e fo re  th e  fem ale  
l e f t  th e  lo g .  The la r g e  male rem ained  a t  th e  emergence s i t e  f o r  7 
more m inutes b u t th e r e  was no f u r th e r  a n te n n a l tap p in g  o r abdomen­
b en d in g . At t h i s  p o in t  th e  la r g e  male and 3 rem ain ing  sm a lle r  m ales 
were c a p tu re d . No o th e r  m ales were observed  su b seq u en tly  around th e  
emergence s i t e .

5 .5 .4 .  M ating system s

The p re sen ce  of em erging fem ales which have a clumped d i s t r i b u t i o n  
in  tim e and space  sh ou ld  p ro v id e  an o p p o r tu n ity  fo r  m ales to  com pete 
am ongst th e m s e lv e s  f o r  th e  o p p o r tu n i ty  to  be f i r s t  to  in s e m in a te  
e m e rg in g  f e m a l e s .  T h is  c o u ld  l e a d  to  th e  ty p e  o f b e h a v i o u r a l  
s t r a te g y  known as F em ale  D e fe n c e  P o ly g y n y  (T h o rn h ill  & A lcock, 1983) 
where m ales d efend  an a re a  in  which fem ales a re  p re v a le n t  and ex c lu d e  
o th e r  m a le s  from  m a t in g .  The e v id e n c e  f o r  t h i s  o c c u r r i n g  i n  
rh y s s in e s  i s  p re se n te d  in  c h a p te r  6 . In  th e  w ell documented exam ples 
of M e g a rh y ssa  s p e c ie s  where th e re  i s  p re-em ergence f e r t i l i s a t i o n  t h i s

165



does n o t seem to  o c c u r . No obv ious t e r r i t o r i a l i t y  o r o th e r  k ind  o f 
dom inance system  have been n o ted  betw een m ales and a s c r a m b le  type  
system  seems to  have e v o lv e d . Here th e re  i s  a premium on b eing  a t  
th e  r i g h t  p la c e  a t  th e  r i g h t  tim e (Crankshaw and Matthews 1 981). The 
s t r a t e g y  seems to  c o n s is t  o f r a c in g  to  be th e  f i r s t  male to  f e r t i l i s e  
an em erging fe m a le . However i f  (due to  re a so n s  o f b e in g  too  sm all o r  
tim in g  th e  a tte m p t w rongly) t h a t  i s  n o t p o s s ib le  th en  a 'C o n d it io n a l ' 
re sp o n se  o f p o st-em erg en ce  f e r t i l i s a t i o n  i s  a ttem p ted  (see c h a p te r  
6 ) .

5 .5 .5 .  C onclusions

T hrpe d i f f e r e n t  m a tin g  s t r a t e g i e s  can  be re c o g n is e d  w ith in  th e  
r h y s s in e s .  (1) Scram ble c o m p e ti t io n /  post-em ergen ce  m ating . T his i s  
th e  system  re c o rd e d  in  R h y s s a  p e r s u a s o r i a ,  where m ales cannot bend 
t h e i r  abdomens b en ea th  t h e i r  le g s  and th e r e f o r e  n e i th e r  p o ssess  an 
a n a l g lan d  n or can i n s e r t  t h e i r  g a s te r s  in to  th e  fe m a le 's  emergence 
tu n n e l .  I t  i s  n o t c e r t a i n  t h a t  t h i s  i s  a s c ra m b le  sy s tem , b u t th e  
d e s c r ip t io n s  of a g g re g a tio n s  (such as Champion, 1929) su g g est th a t  
t h i s  i s  th e  c a s e .  (2) S cram b le  c o m p e t i t io n /  p re -e m e rg e n c e  m a tin g . 
T h is  i s  t h e  s y s te m  r e c o r d e d  in  th e  N o r th  A m erican  s p e c i e s  o f 
M e g a r b y s s a , and presum ed, from r a th e r  more a n e c d o ta l ev id en ce , to  be 
th e  c a s e  i n  th e  P a l a e a r c t i c  R h y s s e l l a  a p p r o x i m a t o r .  (3) Fem ale 
d e fe n c e / a t  em ergence m a tin g . T h is i s  th e  system  reco rd ed  in  L y ta r m e s  
m a c u l ip e n n is .

Both (2) and (3) in v o lv e  g a s t r a l  bending b eh av io u r, and i t  seems 
l i k e l y  t h a t  t h i s  b eh av io u r i s  p re s e n t  in  a l l  rh y s s in e s  excep t R b y ssa  
s p e c ie s ,  th e r e  a re  2 p ie c e s  of ev id en ce  to  su p p o rt t h i s .  F i r s t ,  a l l  
male r h y s s in e s ,  ex cep t R h y ssa  s p e c ie s ,  have a n a l g lan d s on th e  d o r s a l  
su r fa c e  o f th e  f i n a l  g a s t r a l  t e r g i t e .  I f  th e  g lan d s  fu n c tio n  i s  in  
m arking th e  em ergence s i t e ,  then  i t  would need to  be b en t b eneath  th e  
le g s .  Second, m a te r ia l  o f m ales c o l le c te d  in  a lc o h o l in v a r ia b ly  show 
a b e n d in g  o f th e  abdomen b e n e a th  th e  l e g s ,  w hich makes rem oving  
rh y s s in e  m ales from such sam ples v ery  e a sy . The on ly  rh y ss in e  m ales 
th a t  do n o t look  l i k e  t h i s  in  a lc o h o l a re  R h y ssa  s p e c ie s .
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5.6. Host Searching and Oviposition Behaviour

As w ith  most p a r a s i t o id  g ro u p s, p u b lish e d  h o s t re c o rd s  of rh y s s in e s  
a re  o f te n  u n r e l i a b l e .  O ften  th e s e  re c o rd s  a re  th e  r e s u l t  o f r e a r in g s  
from lo g s  which c o n ta in  p o t e n t i a l  re c o rd e d  h o s ts  b u t w ith o u t d e f i n i t e  
a s s o c i a t i o n s  h a v in g  been  made b etw een  p a r a s i t o i d  and h o s t .  For 
exam ple A ubert (1969) re c o rd s  R h y ssa  p e r s u a s o r i a  as a p a r a s i to id  of 5 
s p e c i e s  o f c e ram b y c id  b e e t l e s ,  and 8 s p e c ie s  o f s i r i c i d .  More 
re c e n t  re c o rd s  ten d  to  su g g e s t th a t  t h i s  s p e c ie s  i s  o n ly  p a r a s i t i c  on 
S i r i c i d s ,  a lth o u g h  ceram bycids may v ery  o c c a s io n a l ly  be p a r a s i t i s e d  
i f  th e y  to o  a re  p re s e n t  in  th e  d ecay in g  lo g s  ( in d eed , Hanson, 1939, 
has re c o rd e d  R h y ssa  p e r s u a s o r i a  as a p a r a s i to id  of I b a l i a  s p e c ie s ,  
a n o th e r  p a r a s i t o id  of s i r i c o i d s ) .  However, th e  p rim ary  h o s ts  o f a l lf
H o la rc t ic  rh y s s in e s  seem to  be s i r i c o i d s ,  and th e  h o s ts  seem to  s p l i t  
up in to  th r e e  taxonom ic g ro u p in g s . (The h o s t  re c o rd s  a re  c o l le c te d  
in  Tow nes e t  a l  ( 1 9 6 5 ) ;  A u b e r t  ( 1 9 6 9 ) ;  C a r l s o n  ( 1 9 7 9 ) ,  a n d ; 
K azm ierczack (1 9 7 9 )).

(a) S i r i c i n a e .  A ll re co rd ed  h o s t  fo r  R h y ssa  sp e c ie s  a re  s i r i c i n e  
s i r i c o i d s  on P in e ac a e . Two s p e c ie s  o f M e p a rh y ssa ;  M. n o r t o n i  and M. 
e m a r g in a to r ia  a re  a ls o  a s s o c ia te d  w ith  th e s e  h o s t s .

(b) T r e m e c in a e .  M ost M e g a r h y s s a  s p e c i e s  a r e  a s s o c i a t e d  w ith  
angiosperm  t r e e s  (u s u a lly  A c e r)  and trem ec in e  s i r i c o i d s .

(c ) X i p h y d r i i d a e . A l l  R h y s s e l l a  s p e c i e s  a r e  a s s o c i a t e d  w ith  
x ip h y d r i id  s i r i c o i d s  in  A ln u s , B e tu la  and S a l i x .

A l l  t h e s e  s p e c i e s  a r e  t e m p e r a t e  and  r e p r e s e n t  a v e r y  s m a l l  
p ro p o r t io n  o f th e  rh y s s in e  fa u n a . There i s  on ly  one h o s t re c o rd  fo r  
th e  w h o le  o f  th e  t r o p i c a l  r h y s s i n e s .  T h is  i s  f o r  S y c h n o s t i g m a  
h y b la e a n a  from th e  L e p id o p te ra  H y b a le a  p u r p a r e a ;  which i s  a p e s t  of 
te a k  (Sonan, 1933). T h is i s  l i k e l y  to  be a dubious re c o rd , g iv en  th e  
many a d a p ta t io n s  a s s o c ia te d  w ith  w ood-boring h o s ts  (H y b a le a  p u r p a r e a  
i s  n o t found in  deep wood m ic r o h a b i ta t s ) .
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L arvae and pupae a re  r e g u la r ly  p a r a s i t i s e d  (Hanson, 1939). However, 
even unem erged  a d u l t s  a r e  so m etim es p a r a s i t i s e d  (Cheesm an, 1921; 
Hanson, 1939; H ocking, 1968).

The h o s t - s e a r c h i n g  b e h a v io u r  o f  f e m a le  r h y s s i n e s  seem s to  be 
s u p e r f i c i a l l y  s i m i l i a r  to  t h a t  o f m a les  s e a r c h in g  f o r  fe m a le s . 
Fungus in f e s te d  wood seems to  s t im u la te  fem ale rh y s s in e s  to  o v ip o s i t  
(S p ra d b e ry , 1968) . Madden (1968) showed t h a t  fe m a le s  would ta p  
c u l tu r e s  o f c e r t a i n  ages o f A m n y lo s te re u m  w ith  t h e i r  an ten n ae .

O v ip o s it io n  b eh av io u r has been d e s c r ib e d  a la rg e  number of tim es 
b u t w ith  v a ry in g  a c c u ra c y . The b e s t  acco u n ts  a re  H eatw ole, D avies 
and^ Wenner (1962) fo r  M e g a rh y ssa  and S pradbery  (1970b) and G ard iner 
(1966) fo r  R h y ssa .

H eatw ole e t  a l  (1964) su g g e s t t h a t  th e  o v ip o s i to r  must always be 
in tro d u c e d  f u l l y  i n to  th e  lo g . S pradbery  (1970b) d id  no t f in d  t h i s  
f o r  R h y s s a . T h ere  i s  a sp e c tru m  o f o v i p o s i t i o n  b e h a v io u rs  and 
m o rp h o lo g ica l m o d if ic a tio n s  a s s o c ia te d  w ith  them. The most extrem e 
c a se s  a re  in  th e  th r e e  s p e c ie s  of N orth  American sy m p atric  M eg a rh yssa  
where o v ip o s i t io n  o n ly  o ccu rs  a f t e r  a long  p e r io d  of se a rc h in g  and 
e x p lo r a to ry  b e h a v io u r . The f i r s t  s ta g e  ( in  M e g a rh y ssa ) c o n s is ts  of 
th e  r a i s i n g  of th e  abdomen v e r t i c a l l y  and th en  a bending  of th e  t i p  
so t h a t  th e  o v i p o s i t o r  sw in g s fo rw a rd .  In  th e  c a se  o f M. a t r a t a ,  
e s p e c i a l l y ,  th e  o v i p o s i t o r  i s  to o  lo n g  f o r  i t  to  be m an o eu v erab le  
j u s t  by t h i s  l i f t i n g  o f th e  abdom en, so  th e  d i s t a l  p a r t  of th e  
o v ip o s i to r  i s  p assed  up in to  a membranous s t r u c tu r e  between th e  7 th  
and 8 th  t e r g i t e  ( th e  'o v ip o s i to r y  membranes' of H eatw ole, Davies & 
Wenner 1 9 6 3 ) . T h is  i s  a c h ie v e d  by th e  r o t a t i o n  o f th e  9 th  t e r g i t e  
th rou gh  360° fo rc in g  th e  o v ip o s i to r  up in to  th e  membranous s a c . T his 
movement i s  combined w ith  a fo rw ard  movement o f th e  abdomen, push ing  
th e  o v i p o s i t o r  a g a in s t  th e  s u b s t r a t e .  T h is  may h e lp  i n f l a t e  th e  
membranous re g io n .

When th e  membrane h as expanded  f a r  enough f o r  th e  t i p  o f th e  
o v ip o s i to r  to  be j u s t  r a i s e d  above th e  s u b s t r a t e ,  the  o v ip o s i to r  i s  
f i t t e d  in to  a s e r i e s  of g rooves a lo n g  th e  m id lin e  of the  abdom inal
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s t e r n i t e s  -  th e  o v i p o s i t o r  g u id e s  (s e e  f i g  6 .1 ) .  M uscles in  th e  
o v ip o s i to r  com plex c o n tr a c t  rh y th m ic a l ly  fo rc in g  f i r s t  one h a l f  and 
th en  th e  o th e r  h a l f  of th e  o v ip o s i to r  i n to  th e  wood. T eeth  on th e  
end o f th e  o v ip o s i to r  a s s i s t  in  g r ip p in g  th e  s u b s t r a te  d u rin g  t h i s  
p ro c e s s , and th e  two p a r ts  w orking to g e th e r ,  a lo n g  w ith  f le x io n s  o f 
th e  whole abdomen, h e lp  p u l l  th e  o th e r  in to  th e  wood. The o v ip o s i to r  
g u id es  h o ld  th e  o v ip o s i to r  in  p la c e  and p re v e n t b u c k lin g . At no tim e 
does th e  o v ip o s i to r  sh e a th  e n te r  th e  wood. T h is can mean in tro d u c in g  
th e  o v ip o s i to r  up to  10 cm in to  th e  wood.

D uring t h i s  p ro c e ss  t e r g i t e  n in e  o f th e  o v ip o s i to r  complex r o t a t e s  
back  u n t i l  i t  i s  i n  i t s  norm al p o s i t i o n .  Once th e  o v i p o s i t o r  h a s  
reach ed  th e  h o s t  tu n n e l ,  th e  h o s t  i s  s tu n g  and p a ra ly s e d . The egg i s  
th en  l a i d  n e a r  o r on i t .

Removing th e  o v ip o s i to r  i s  th e  re v e r s e  o f th e  above, excep t th a t  
th e  o v ip o s i to r  g u id es  a re  no t u se d . At th e  end o f th e  w ithdraw al th e  
abdomen i s  r a p id ly  swung back over th e  head and t e r g i t e  9 r e tu r n s  to  
i t s  norm al r e s t i n g  p o s i t io n .

In  o th e r  s t u d i e d  r h y s s in e s  th e  o v i p o s i t o r y  m em branes a re  a lw ay s 
sm a lle r  th a n  in  M e g a rh y ssa  a t  r a t a .  M. a t r a t a  a ls o  has the  lo n g e s t  
r e c o rd e d  o v i p o s i t i o n  t im e s ,  r a n g in g  from  22 m in u te s  to  5 h o u rs  33 
m in u te s . In  com parison th e  two M e g a rh y ssa  s p e c ie s  sy m p atric  w ith  
M. a t r a t a , M. m a cu ru s  and M. g r e e n e i  tak e  betw een 4 and 19 m inutes to  
co m p le te  o v i p o s i t i o n .  O th e r s t u d i e s  on M e g a r h y s s a , R h y s s e l l a ,  
E p i r h y s s a  and R h y s s a  show a v e ry  s i m i l a r  b a s ic  p a t t e r n  to  t h a t  
d e s c r ib e d  above (G a rd in e r  1966; M yers, 1928; H eatw ole  e t  a l  1964; 
P o r te r ,  1978).

O v ip o s it io n  does no t seem to  be v ery  e f f i c i e n t .  O ften  d r i l l s  a re  
made where th e r e  a re  no h o s ts  (Cheesman, 1921; Hanson, 1939; Hocking, 
1967) . K azm ierczack (1981) g iv e s  some d a ta  on p e rc e n ta g e  s u c c e s s fu l  
o v i p o s i t i o n  a t t e m p t s .  He r e c o r d s  f i g u r e s  o f 12% (n=83) f o r  R h y s s a  
p e r s u a s o r i a ; of 11% (n=66) fo r  R h y ssa  am oena; and o f 9% (n=56) fo r  
M e g a rh y ssa  e m a r g in a to r ia .  These a l l  su g g e s t a v ery  i n e f f i c i e n t  system  
g iven  th e  le n g th  of tim e tak en  f o r  each o v ip o s i t io n  a tte m p t; which
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ran g es  from 22-333 m inu tes in  M e g a rh y ssa  a t r a t a  (H eatw ole, D avies and 
W e n n e r, 1 9 6 2 ) t o  7 -1 5  m i n u t e s  i n  R h y s s e l l a  a p p r o x i m a t o r  
(K azm ierczack, 1 981).

5 .7 .  Larval B io logy

The m a j o r i t y  o f  t h e  w ork on t h i s  t o p i c  h a s  b een  on R h y s s a  
p e r s u a s o r i a , ,  a s  p a r t  o f CSIRO 's S i r e x  p r o j e c t .  The d i s c u s s io n ,  
th e r e f o r e ,  r e f e r s  to  R. p e r s u a s o r i a  u n le s s  o th e rw ise  s t a t e d .

R hyssine  eggs a re  e lo n g a te , so t h a t  th e  egg can p ass  e a s i ly  a long  
th e  o v ip o s i to r  (Iw a ta , 1958; S p rad b ery , 1970a). They a re  l a id  n e a r  
th e  h o s t ,  b u t do n o t t r a v e l  a g r e a t  d is ta n c e  to  reach  i t  (C h ry sta l &
M yers, 1 9 2 8 ) . The f i r s t  i n s t a r  l a r v a  h as  a l a r g e  head  c a p s u le  and 
m an d ib le s , bo th  fo r  p ie r c in g  th e  h o s t  and d e a lin g  w ith  supernum erary  
l a r v a e  (S p ra d b e ry , 1 9 7 0 a ) . Once th e  h o s t  i s  p a r a ly s e d  i t  does n o t 
move f u r th e r  w ith in  th e  burrow  (H ocking, 1968).

S pradbery  (1970a) f ig u r e s  th e  su c c e s iv e  i n s t a r s  of th e  la rv a e  of 
R h y ssa  p e r s u a s o r i a , R h y ssa  am oena, and M e g a rh y ssa  e m a r g in a to r ia .  By 
th e  f i n a l  (5 th )  l a r v a l  i n s t a r  th e  s i r i c o i d  i s  u s u a l ly  c o m p le te ly  
co n su m ed . The r h y s s i n e  th e n  s p i n s  a r a t h e r  d ia p h a n o u s  co co o n  «
(C h ry s ta l & Myers, 1928). T h is th in n e s s  may have led  Morgan & S tew art 
(1966) to  c o n c lu d e  t h a t  no cocoon  was sp u n . P u p a l m orphology i s  
s im i la r  th ro u g h o u t th e  g ro up , ex cep t in  th e  s i z e  of th e  o v ip o s i to r  
(S p radb ery , 1970a) . Once th e  a d u l t  has l e f t  th e  pupal case  i t  chews 
i t s  way up to  th e  s u r fa c e  (H ocking, 1968) .
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CHAPTER 6. THE PHYLOGENY OF THE RHYSSINAE, AND THE 
EVOLUTION OF THEIR MALE MATING SYSTEMS

6.1. Historical review

The taxonom ic h i s t o r y  o f th e  R h y ss in i i s  t i e d  up v ery  c lo s e ly  w ith  
th a t  o f th e  r e s t  o f th e  P im p lin ae  (see  c h a p te r  2 ) .  G ravenhorst in  h i s  
I c h n e u m o n o lo g ic a  e u r o p a e a  (1829) p la c e d  R h y s s a  as a su b g enu s o f 
P im p la .  Holmgren (1860) p la c e d  R h y s s a  and T h a le s s a  (= M eg a rh yssa )  in  
h i s  s u b f a m ily  P im p la r i a e .  L a te r  Ashmead (1900) p la c e d  R h y s s a ,  
M e g a r h y s s a ,  L y t a r m e s  and E p i r h y s s a  i n  th e  t r i b e  P im p l in i  o f th e  
su b fam ily  P im p lin a e .

M o rle y  (1 9 1 3 ) w as t h e  f i r s t  t o  r e a l i s e  t h a t  t h e  a c c u m u la te d  
specim ens o f th e  above g en era  form ed a s im i la r  group m o rp h o lo g ica llya r\d/.u n ite d  them  i n t o  a t r i b e  -  th e  R h y s s id e s .  The t r i b e  R h y s s in i  was 
a c ce p te d  by some (eg . Cushman & Rower, 1920), b u t n o t a l l  w o rk e rs . 
Townes r e t a in e d  t h i s  c l a s s i f i c a t i o n  (1944) a lth o u g h  l a t e r  he changed 
the, su b fa m ily  l i m i t s .

Townes & Townes (1960) ex c lu d ed  s e v e r a l  O r ie n ta l  s p e c ie s  from th e  
g en u s  E p i r h y s s a  and  t r a n s f e r r e d  them  to  a new g e n u s  H i e r a x  (= 
S y c h n o s tig m a )  and to  some u n d e sc rib e d  g e n e ra . L a te r  B a lta z a r  (1961) 
e s ta b l is h e d  th r e e  new g en e ra : T r ia n c y r a ,  C y r to r h y s s a  and M y l l e n y x i s . 
Townes e t  a l  (1961) r e a r r a n g e d  a l l  th e  s p e c ie s  from  th e  O r i e n t a l  
re g io n  so t h a t  th e  c l a s s i f i c a t i o n  was more n a t u r a l .  This work was 
c o n s o l id a te d  in  Townes (1 9 6 9 ) . Kamath & G upta (1972) have r e v i s e d  
th e  O r ie n ta l  R h y s s in i, and i t  i s  t h e i r  c l a s s i f i c a t i o n ,  which i s  based  
on Townes, which i s  d is c u s s e d  h e r e .

6.2. The present classification

At p re s e n t  th e r e  a re  n in e  g en e ra  re c o g n ise d  w orldw ide:



R h y ssa  G raven ho rst 
L y ta r m e s  Cameron 
R h y s s e l l a  Rohwer 
M e g a rh y ssa  Ashmead 
T r ia n c y r a  B a l ta z a r  
S y c h n o s tig m a  B a l ta z a r  
E p ir h y s s a  C resson  
C y r to r h y s s a  B a l ta z a r  
M y l l e n y x i s  B a l ta z a r

The most re c e n t  d e f i n i t i o n s  o f th e s e  gen era  a re  th o se  o f Kamath & *Gupta (1972). T ab le  6 .1  shows t h e i r  d ia g n o s t ic  c h a ra c te r s  fo r  th e  
g e n e ra . Kamath & Gupta (1972) in c lu d e d  o n ly  th o se  genera  found in  th e  
In d o -O r ie n ta l  a r e a .  The t a b l e  a ls o  in c lu d e s  th e  c h a ra c te r s  of th e  two 
rem ain in g  g en e ra , R h y s s e l l a  and E p ir h y s s a , which a re  no t found in  th e  
I n d o - O r i e n ta l  a r e a ,  and a r e  ta k e n  from  Townes (1969) and P o r t e r  
(1975, 1978).

6.3. Outgroups

T a k in g  i n t o  a c c o u n t  th e  c o n c l u s i o n s  r e a c h e d  in  c h a p t e r  3 th e  
fo llo w in g  groups have been used  f o r  ou tg roup  com parisons: P im p lin ae  
( s e n s u  s t r i c t o )  , P oem en iinae , A c a e n it in a e , L abeninae, X o rid in ae  and 
T ryphon inae . A ll th e s e  g roups a re  p a ra p h y le tic  w ith  r e s p e c t  to  th e  
r h y s s in e s ,  and th e r e f o r e  f u l f i l  th e  c r i t e r i o n  of Underwood (1982) f o r  
ou tg roup  s u i t a b i l i t y  (see  s e c t io n s  1 .3  and 2 .4 .1 ) .

6.4. The holophyly of the group

A ll rh y s s in e  s p e c ie s  have th e  fo llo w in g  a d u lt  autapom orphy: 

(1) An a n t e r i o r ly  d ip p in g  p ro n o ta l  c o l l a r  ( f ig  3 .1 4 ) .
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In  a d d i t io n  th e  group can be d e f in e d  p o l y th e t i c a l l y  (Gauld & Mound, 
1982) and membership re c o g n ise d  by th e  p resen ce  o f a t  l e a s t  two of 
th e s e  c h a r a c te r  s t a t e s :

(2) No phragm ata on g a s t r a l  t e r g i t e  8 (abdom inal t e r g i t e  9, see
c h a p te r  3) o f fem ale .

(3) T u b e rc le s  on g a s t r a l  s t e r n i t e s  2-4 ( f ig  6 .1 )

(4) L o n g itu d in a l  c a r in a  on t r o c h a n te l lu s  of m id -leg  ( f ig  6 .2 ) .

(5) Horn o r ho llow  rounded apex to  g a s t r a l  t e r g i t e  8 o f fem alet
( f ig  3 .2 3 ) .

(6 ) R ad ia l ham uli of h in d -w in g  grouped in to  two, th re e  o r fo u r
p ro x im a lly , su bsequ en t ham uli s in g ly  spaced  ( f ig s  6 . 3 - 6 .5 ) .

T hese  c h a r a c t e r  s t a t e s  c o n f irm  th e  h o lo p h y ly  o f th e  g ro u p . The 
genus P s e u d o r h y s s a  which has o f te n  been grouped w ith  th e  rh y s s in e s  
(K azm ierczak  1979, 1980, 1981 ; C o n s ta n t in e a n u  & P i s i c a ,  1977) h as 
been  shown to  b e lo n g  in  th e  P o em en iin ae  (s e e  c h a p te r  3) and i s  
th e r e f o r e  s p e c i f i c a l l y  ex c lu d ed .
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F ig  6 . 1 .  T u b e r c l e s  on  s t e r n i t e s  
A. R h y s s a  p e r s u a s o r i a ;  
( f ro m  F i t t o n  e t  a l ,

2 -4  ( o v i p o s i t o r  g u i d e s )  o f  
B. R h y s s e l l a  a p p r o x i m a t o r .

1 988 )

F ig  6 . 2 .  L o n g i t u d i n a l  c a r i n a  on t r o c h a n t e l l u s  o f  m id  l e g  
o f  R h y s s e l l a  a p p r o x i m a t o r .  (From  F i t t o n  e t  a l ,  
1 9 8 8 )
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c c c c c e  C Cfi c r

F i g  6 .3 P a t t e r n  o f  r a d i a l  h a m u l i  o n  h i n d  w in g  x>f R h y s s a  
p e r s u a s o r i a .

t

r r r r r  c C C

F i g  6 . 4 -  P a t t e r n  o f  r a d i a l  h a m u l i  o n  h i n d  w in g  o f  
R h y s s e l l a  a p p r o x i m a t o r .

f  -  -  ________ (L

F i g  6 . 5 .  P a t t e r n  o f  r a d i a l  h a m u l i  o n  h i n d  w in g  o f  
E p i r h y s s a  f l a v o p i c t u m .
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T able  6 .1 .  D e fin in g  c h a ra c te r s  o f th e  p r e s e n t ly  re c o g n ise d  rh y s s in e  
g e n e ra . (Throughout " h a m u li" re fe r s  to  th e  R a d ia l  h a m u li ; " t e r g i t e s "  
and " s t e r n i t e s "  to  g a s t r a l  s t r u c t u r e s . )

Genus D efin in g  c h a r a c te r s

R h y ssa S te r n i t e  and t e r g i t e  1 u n fu sed . T u b e rc le s  on s t e r n i t e s  2-4 in  m id d le . Glymma p r e s e n t .  R ad ia l ham uli in  co n tin u o u s s e r i e s ,  n o t d iv id e d . V e n tra l lo n g i tu d in a l  c a r in a  on t r o c h a n te l lu s  o f m id -leg  a b s e n t .  A re o le t p r e s e n t .

The r e m a i n i n g  g e n e r a  a l l  h a v e :  s t e r n i t e  1 a n d  2 f u s e d ;  t u b e r c l e s  on  s t e r n i t e  2 -4  a t  t h e  a n t e r i o r  e n d ;  t h e  glym m a a b s e n t ;  v e n t r a l  l o n g i t u d i n a l  c a r i n a  on t r o c h a n t e l l u s  o f  m id rleg  p r e s e n t .

R h y s s e l l  a Hamuli s t a t e  n o t d e f in e d . A re o le t p r e s e n t .  Male g a s te r  w ith  w eakly developed  m o d if ic a t io n s .
M e g a rh y ssa Hamuli w ith  a p rox im al group of 2 hooks fo llo w ed  by s in g ly  p laced  hooks in  In d o - A u s tra l ia n  s p e c ie s .  A reo le t p r e s e n t .  Male g a s te r  w ith  s t r o n g ly  developed  m o d if ic a tio n s .
L y ta r m e s Hamuli w ith  p ro x im al group of 2 hooks fo llo w ed  by s in g ly  p la c e d  hooks. Ju n c tio n  of o c c i p i t a l  and hypostom al c a r in a  a t  o r v ery  c lo s e  to  base of m an d ib le . A re o le t p re s e n t .  F ro n ta l  o r b i t s  r a i s e d .
T r ia n c y r a Hamuli w ith  p ro x im al group of 3 hooks fo llo w ed  by s in g ly  p la c e d  hooks. M andibles w ith  low er to o th  w ider than  upper to o th .  A re o le t a b s e n t .  F ro n ta l  o r b i t s  r a i s e d .
S y c h n o s tig m a Hamuli w ith  p ro x im al group of 2 hooks fo llo w ed  by s in g ly  p la c e d  hooks. A re o le t a b s e n t .  F ro n ta l  o r b i t s  r a i s e d  o r no t r a i s e d .
E p ir h y s s a Hamuli s t a t e  n o t d e f in e d . 2rs-m  basad  of v e in  2m-cu by 0 . 2  to  1 . 0  i t s  le n g th .T e rg i te  1 w ith o u t a b a s a l  d o r s o - l a t e r a l  c a r in a .  A re o le t a b s e n t .
C y r to r h y s s a Hamuli w ith  p ro x im al group of 2 hooks fo llo w ed  by s in g ly  p la c e d  hooks. A re o le t p re s e n t  o r a b s e n t .  P te ro s tig m a  merging im p e rc e p tib ly  w ith  v e in  Sc+R+Rs.T e rg i te  1 a t  b ase  t e r e t e .
M y l le n y x i s Hamuli w ith  p ro x im al group of 2 hooks fo llo w ed  by s in g ly  p laced  hooks. M andibles w ith  upper to o th  w ider than  low er to o th  and w ith  no tch  in  upper to o th .  A re o le t a b s e n t .  O v ip o s ito r  t i p  s in u a te .
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6.5. Material examined

The m a j o r i t y  o f  t h e  m a t e r i a l  u s e d  i n  t h i s  w o rk  i s  f ro m  t h e  
c o l l e c t io n s  o f th e  B r i t i s h  Museum (N a tu ra l H is to r y ) , London (= BMNH). 
T hese c o l l e c t i o n s  a r e  e x te n s iv e  and c o n ta in  r h y s s in e s  from  a l l  
b io g e o g r a p h ic a l  r e g io n s .  I t s  one l i m i t a t i o n  i s  t h a t  many o f th e  
t r o p i c a l  s p e c ie s  a re  o n ly  re p re s e n te d  by a few specim ens. European 
and American s p e c ie s  a s s o c ia te d  w ith  p in e  a re  w e ll  re p re s e n te d  due to  
th e  p re se n c e  in  th e  c o l l e c t io n  o f th e  CSIRO S i r e x  P r o je c t  m a te r ia l .

In  a d d i t i o n  th e  work h as  b e n e f i t e d  from  s e v e r a l  r e c e n t  Museum 
e x p e d it io n s  in  th e  t r o p i c s ,  which have y ie ld e d  much la r g e r  numbers o f
some s p e c ie s ,  th e  most im p o rta n t o f th e s e  a d d i t io n s  a re :

*

(a ) In  t h e  I n d o - A u s t r a l i a n  r e g i o n .  The R o y a l E n to m o lo g ic a l  
S o c ie ty 's  P r o je c t  W allace in  S u la w e s i, In d o n e s ia  has produced a g re a t  
b u lk  o f r h y s s in e  sp e c im e n s , a l th o u g h  in  a f a i r l y  sm a ll  number o f 
s p e c ie s  (around 1 2 ) . C o l le c t in g  u n d e rtak e n  a t  th e  Danum V alley  F ie ld  
C e n tre ,  S ab ah , E a s t  M a la y s ia  b e tw een  J u ly  1986 and March 1987 h as  
produced  around 50 s p e c ie s  of r h y s s in e s .  Four s p e c ie s  of rh y s s in e s  
were c o l le c te d  from Ceram in  1988.

(b) The A f ro tr o p ic a l  r e g io n . New m a te r ia l  has been o b ta in ed  from 
th e  Cameroon (3 s p e c i e s ) .

(c) The N e o tro p ic a l  r e g io n . A c o n tin u in g  s tu d y  o f th e  C osta R ican 
in s e c t  fau na  has produced 7 s p e c ie s  from t h i s  a r e a .

In  a d d i t io n  to  a l l  th e  o ld  and r e c e n t ly  c o l le c te d  BMNH m a te r ia l ,  
specim ens have been examined from th e  fo llo w in g  i n s t i t u t i o n s :  Hope 
D ep a rtm en t, O x fo rd ; A m erican E n to m o lo g ic a l  I n s t i t u t e ,  G a i n s v i l l e ,  
F l o r i d a ,  USA; Museum f u r  N a tu r k u n d e  zu  B e r l i n ,  DDR; CNC, 
B io s y s te m a t ic s  R e se a rc h  I n s t i t u t e ,  O ttaw a , C anada; RMNH, L ie d e n , 
H o lland ; B ishop Museum, H onolu lu , H aw aii, USA.

The OTUs a re  l i s t e d  in  append ix  2.
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6.6. Character States

C h a ra c te rs  f o r  th e  p re lim in a ry  a n a ly s e s  a re  tak en  from fem ales and
n o n - g a s tr a l  p a r t s  o f m a les . The rea so n  f o r  t h i s  r e l a t e s  to  one o f
th e  p u rp o s e s  o f th e  s tu d y  -  w h ich  i s  to  lo o k  a t  th e  e v o lu t io n a r y
p a t t e r n s  in  male r e p ro d u c tiv e  b e h a v io u r . T h is in fo rm a tio n  i s  b e in g
d e r iv e d  from s tu d ie s  o f male abdom inal m orphology, and as such i s  n o t
a d m is s ib le  as ev id en ce  fo r  e v o lu t io n  (to  avo id  a p r i o r i  r e a s o n in g ) .
Along w ith  th e  c h a r a c te r s  o f abdom inal m orphology a ls o  excluded  a re
c h a ra c te r s  o f th e  male g e n i t a l i a .  T his has been done because th e re
i s  some u n c e r ta in ty  about th e  r e l a t i o n s h ip  betw een male re p ro d u c tiv e
s t r a t e g i e s  (which may be v e ry  p l a s t i c )  and th e  m orphology of th e  male *g e n i t a l i a .  T h is r e l a t i o n s h i p  i s  d isc u sse d  in  some d e t a i l  l a t e r  in  
t h i s  c h a p t e r ,  w h e re  t h e  p o s s i b l e  p h y l o g e n e t i c  an d  a d a p t i v e  
s ig n i f i c a n c e  o f th e  enormous v a r i a t io n  in  male abdom inal s t r u c tu r e  i s  
in d ic a te d .

C e r ta in  o th e r  c h a r a c te r s  have been d e l i b e r a t e ly  excluded  from th e  
a n a ly s e s .  T h ere  i s  a g r e a t  d e a l  o f v a r i a t i o n  in  c o lo u r  p a t t e r n ,  
g a s t r a l  t e r g i t e  p u n c t a t i o n  an d  s i z e  w i t h i n  t h e  g ro u p .  T h ese  
c h a ra c te r s  have been g e n e ra l ly  avo ided  , f o r  th e  fo llo w in g  re a so n s :

F i r s t ,  th e y  o f te n  v ary  i n t r a s p e c i f i c a l l y .  A good example of t h i s  i s  
th e  s p e c i e s  S y c h n o s t i g m a  f l a v o p i c t u m  w h ich  i s  s e p a r a t e d  from  
S y c h n o s t ig m a  s in u a tu m  in  Kamath & G upta (1972) by th e  e x te n t  o f 
p u n c tu rin g  on th e  t h i r d  g a s t r a l  t e r g i t e .  However, new specim ens from 
S u la w e si key o u t a s  S . f l a v o p i c t u m  f o r  th e  m ale  sp ec im en s and S . 
s in u a tu m  f o r  th e  fe m a le s ,  i n d i c a t i n g  t h a t  th e y  a r e  most p ro b a b ly  
c o n s p e c i f i c .  T h is  s o r t  o f i n t r a - s p e c i f i c  v a r i a t i o n  in  a c h a r a c t e r  
makes i t  c l e a r l y  u n s u i ta b le  fo r  p h y lo g e n e tic  a n a ly s i s .

Second, th ey  a re  e x c e e d in g ly  h o m o p las tic  c h a r a c t e r s .  C h a rac te rs  of 
co lo u r p a t t e r n  and s c u lp tu re  have c l e a r l y  a r i s e n  s e v e r a l  tim es in  many 
d i f f e r e n t  l in e a g e s .  For exam ple, most t r o p i c a l  rh y s s in e s  form p a r t  of 
m imicry com plexes, and a wide ran g e  of p a r a l l e l  c o lo u r changes have 
occured  in  many s p e c ie s .  These c h a ra c te r s  a re  used  re p e a te d ly  in  keys
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(Kamath & G upta, 1972; P o r te r ,  1975,1978) to  s e p a r a te  o f f  two s p e c ie s  
from each o th e r ;  which i s  c l e a r ,  i f  i n d i r e c t ,  ev id en ce  fo r  t h e i r  h ig h  
l e v e l  of hom oplasy.

One c h a r a c t e r  s t a t e  w hich  i s  l i s t e d  i n  t a b l e  6 .1 .  ( th e  s t ig m a  
m erging im p e rc e p tib ly  w ith  th e  v e in  S c+ R + Irs), was n o t used in  th e  
a n a l y s i s ,  a s  no d i f f e r e n c e  c o u ld  be a s c e r t a i n e d  b etw een  OTUs t h a t  
sh o u ld  h av e  shown th e  c h a r a c t e r  s t a t e  and th o s e  t h a t  sh o u ld  n o t  
(B a l ta z a r ,  1961; Kamath & G upta, 1 97 2 ).

The c h a ra c te r  s t a t e s  a re  d e s c r ib e d  below ( fo r  coding  see  s e c t io n  
2 .4 .3 ) ;

1 . 'O c c i p i t a l  c a r in a  com plete  (1 ) ,  o r c e n t r a l ly  in te r r u p te d  (0 ) . The 
ou tg ro u p s a l l  show a p red o m in an tly  com plete  o c c i p i t a l  c a r in a .  However 
p re lim in a ry  a n a ly s is  showed a v ery  h igh  p o la r  in c o m p a t ib i l i ty  sc o re  
and so in  sub seq u en t a n a ly s is  th e  p o l a r i t i t e s  have been re v e rs e d .

2. Genal c a r in a  n o t re a c h in g  th e  hypostom al c a r in a  (1 ) , m eeting  th e  
hypostom al c a r in a  a t  some p o in t  (0 ) .  N early  a l l  th e  ou tg roups have a 
g en a l c a r in a  m eeting  th e  hypostom al c a r in a  a t  some p o in t .

3. G enal c a r in a  m e e tin g  th e  h y p o s to m a l c a r in a  l e s s  th a n  0 .3  th e  
w id th  o f  t h e  m a n d ib le  away fro m  th e  m a n d ib le  ( 1 ) ;  m e e tin g  th e  
hypostom al c a r in a  more th an  0 .3  th e  w id th  o f th e  m andible away from 
th e  m andible(o)

4. S tro n g ly  r a i s e d  hypostom al c a r in a  (1 ) ;  weak hypostom al c a r in a  (0 ) .

5. C lypeus c a r in a te  (1 ) ;  smooth o r p u n c ta te  (0 ) .

6 . C lypeus formed in to  c e n t r a l  p o in t  (0 ) ;  f l a t  w ith  no obvious p o in t  
(1) . As d isc u sse d  e a r l i e r  th e  c ly p eu s  i s  r a i s e d  in to  a p o in t in  th e  
genus P s e u d o r h y s s a . ,  b u t t h i s  i s  u n d o u b te d ly  due to  c o n v e rg e n c e , 
o th e rw is e  th e  p o in t  w ould a p p e a r  to  be ap o m o rp h ic . However, t h i s  
c h a ra c te r  has a h ig h  p o la r  in c o m p a t ib i l i ty  sc o re  in  th e  p re lim in a ry  
a n a ly s is  and so in  su bseq u en t a n a ly s e s  th e  p o l a r i t y  was re v e rs e d .



7. Apex of c ly p eu s  r a i s e d  (1 ) ;  apex f l a t  (0 ) .

8 . C lypeus m argin concave ( f ig  6 . 6 ) (1 ) ;  t r u n c a te  (0 ) .

9 . F rons w ith  s tro n g  lo n g i tu d in a l  c a r in a  (1 ) ;  w ith o u t o r w ith  weak 
lo n g i tu d in a l  c a r in a  (0 ) .

10. F ro n ta l  o r b i t s  s t r o n g ly  convex (1 ) ;  f r o n t a l  o r b i t s  f l a t  (0 ) .

1 1 .1 , 1 1 .2 . M andibles t r i d e n t a t e  (0 ,1 ) ( f ig  6 .7 A ), b id e n ta te  w ith  
upper to o th  n arro w er than  low er to o th  (1 ,0 ) ( f ig  6 .7 b ) ,  w ith  upper 
too£h w ider than  low er to o th  ( f ig  6 . 6 ) ( 0 , 0 )

12. Lower fa c e  s t r o n g l y  b u lg e d  ( 1 ) ,  lo w er fa c e  f l a t  o r s l i g h t l y  
concave (0 ) .

1 3 .1 , 1 3 .2 . Lower fa c e  smooth ( 1 ,0 ) ,  w rin k led  ( 0 ,1 ) ,  p u n c ta te  ( 0 ,0 ) .

14. T ro c h a n te llu s  o f m id -leg  w ith  a lo n g i tu d in a l  r id g e  ( f ig  6 .2 ) (1) , 
t r o c h a n te l lu s  o f m id -leg  f l a t  and w ith o u t r id g e  (0 ) .

15. P roxim al p a r t  of v e in  Rs o f fo re -w in g  s t ro n g ly  curved (1 ) , n o t 
s t ro n g ly  curved  (0 ) .

16. V ein  3 rs-m  o f fo re w in g  ( a r e o l e t )  a b s e n t  ( 1 ) ,  V ein 3 rs-ra  o f 
fo rew ing  ( a re o le t )  p re s e n t  (0 ) .

17. Vein 2m-cu of fo rew ing  i n t e r s t i t i a l  w ith  2rs-m  (1 ) , Vein 2m-cu of 
fo rew ing  d is ta d  of 2 rs-m  (0 ) .

1 8 .1 , 1 8 .2 , 1 8 .3 . r a d i a l  ham uli ev en ly  spaced  along  d i s t a l  p a r t  of
h in d  w ing ( f i g  6 .3 )  ( 0 , 0 , 0 ) ;  h am u li i n c r e a s i n g l y  d i s t a n t l y  sp a ce d
along  th e  d i s t a l  p a r t  o f h in d  wing ( f ig  6 .4 ) ( 1 ,0 ,0 ) ,  ham uli grouped 
in t o  tw o, t h r e e  o r  fo u r  c l o s e l y  a s s o c i a t e d  hooks w ith  a s e r i e s  o f 
hooks beh ind  i t  -  th e  space  betw een th e  p roxim al group and th e  n ex t 
hook l e s s  than  th e  d is ta n c e  betw een th a t  hook a n d ,th e  n ex t hook a f t e r
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F ig  6 . 6 . F ro n t of head of M e g a rh y ssa  e m a r g in a to r ia  male showing 
m andib le  w ith  wide f l a t  upper to o th .

F ig  6 .7 . M andibles of 
b e r n s t e i n i i .

(a) T r ia n c y r a  s c a b r a ;  (b) M y l le n y x i s  
(Redrawn from Kamath & G upta, 1972)
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( 1 ,1 ,0 )  ( f i g  6 .5 ) ,  h am u li g ro u p e d  i n t o  tw o, t h r e e  o r f o u r  c l o s e l y  
a s s o c ia te d  hooks w ith  a s e r i e s  o f hooks beh ind  i t  -  th e  space  betw een 
th e  group and th e  n ex t hook g r e a t e r  th an  th a t  betw een th e  hook and 
i t s  fo llo w in g  one (1 , 1 , 1 ) .

19. 2m-cu o f fo re w in g  s t r o n g l y  c u rv e d  o u tw a rd s  ( 1 ) ,  w eak ly  c u rv e d  
(0 ) .

20. Wings h y a l in e  (1 ) , w ings c le a r  (0 ) .

21. Forewing w ith  s t ig m a l sp o t (1 ) , fo rew ing  w ith  no s tig m a l sp o t 
(0 ) .

i*23. C e n tra l  lo b e  o f mesoscutum j u t t i n g  w e ll over th e  pronotum (1) , 
c e n t r a l  lo b e  o f mesoscutum n o t j u t t i n g  over th e  pronotum (0 ) .

2 4 .1 , 2 4 .2 , 2 4 .3 . E p icnem ial c a r in a  n o t p re s e n t  ( 1 ,1 ,0 ) ,  ep icn em ia l 
c a r in a  p r e s e n t  b u t  n o t r e a c h in g  up to  l e v e l  o f m e s o p le u ra l  s c r o l l  
(1 , 0 , 0 ) ( f i g  6 . 8 C ), e p i c n e m i a l  c a r i n a  e x t e n d in g  up p a s t  t h e  
m eso p leu ra l s c r o l l  (0 ,0 ,0 )  ( f ig  6 . 8A ), ep icn em ia l c a r in a  re a c h in g  up 
p a s t  th e  m eso p leu ra l s c r o l l  and r e f le x e d  onto  th e  m eso p leu ra l edge 
(0 ,0 ,1 )  ( f ig  6 . 8B ).

2 5 .1 , 2 5 .2 .  S u b te g u la r  t u b e r c l e  (hom ologous w ith  th e  sub a l a r  
prom inence s e n s u  F i t to n  e t  a l ,  1988) hollow ed a t  i t s  p o s te r io r  end as 
a c l e f t  (1 , 0 ) ,  s u b te g u la r  t u b e r c l e  h o llo w ed  as a h o le  (0 , 1 ) ,  n o t  
hollow ed (0 , 0 ) .

26. S u b teg u la r tu b e rc le  ev en ly  curved  a t  i t s  o u te r  edge (1 ) , s t ro n g ly  
curved  a t  i t s  o u te r  edge (0 ) .

2 7 .1 , 2 7 .2 . V en tra l m argin o f epicnemium w ith  median p a i r  o f s t ro n g  
v e n t r o la t e r a l  c r e s t s  (1 , 1 ) ,  w ith  weak c a r in a  n ea r v e n t r a l  m argin o f 
epicnemium (1 , 0 ) ,  w ith  no c a r in a  (0 , 0 ) .

28. Propodeum w ith  median lo n g i tu d in a l  groove on b a s a l  0 .3 -0 .5  (1) , 
no groove (0 ) .
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F ig  6 . 8  E p icn em iu m  and  e p i c n e m i a l  c a r i n a  o f (a ) S y c h n o s t i g m a  
v a lid u m ;  (b) S y c h n o s tig m a  f la v o p ic tu m ;  (c) C y r to r h y s s a  m e s o p y r r h a . 

CRedrawn from Kamath & G upta, 1972}
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2 9 .1 , 2 9 .2 . Propodeum smooth and im puncate ex cep t on th e  s id e s  ( 0 ,1 ) ;  
s t ro n g ly  r u g o s e - s t r i a t e  (1 , 0 ) ;  p u n c ta te  th ro u g h o u t ( i j) .

30. D is ta n c e  betw een th e  p le u r a l  c a r in a  and th e  p ro p o d ea l s p i r a c l e  
g r e a te r  th an  th e  le n g th  o f th e  s p i r a c u l a r  opening  (1 ) ,  d is ta n c e  l e s s  
than  th e  le n g th  o f th e  s p i r a c u la r  open ing  (0 ) .

3 1 .1 , 3 1 .2 . P ro n o ta l  c o l l a r  s t r o n g ly  d ipped  so th a t  bottom  of th e  
c o l l a r  i s  c lo s e  to  base o f pronotum  (1 , 1 ) ,  p ro n o ta l  c o l l a r  d e f i n i t e l y  
bu t o n ly  s l i g h t l y  d ipped  (1 , 0 ) ,  pronotum  n o t d ipped  (0 , 0 ) .

3 2 .1 , 3 2 .2 . G a s tra l  t e r g i t e  2 smooth (1 ,0 ) ,  w rin k led  ( 0 ,1 ) ,  p u n c ta te
(0 ,0) .

33. F i r s t  g a s t r a l  s t e r n i t e  fu s e d  to  g a s t r a l  t e r g i t e  ( 1 ) ,  f i r s t  
g a s t r a l  t e r g i t e  f r e e  of g a s t r a l  s t e r n i t e  (0 ) .

34. F i r s t  g a s t r a l  t e r g i t e  w ith o u t  a glymma ( 1 ) ,  f i r s t  g a s t r a l  
t e r g i t e  w ith  a glymma (0 ) .

35. F i r s t  g a s t r a l  t e r g i t e  w ith o u t s h o r t  d o r s o - l a t e r a l  c a r in a  (1) , 
w ith  s h o r t  d o r s o - l a t e r a l  c a r in a  (0 ) .

3 6 .1 , 3 6 .2 . F i r s t  g a s t r a l  t e r g i t e  o ver 1 .6  tim es as wide as long  a t  
apex ( 1 , 0 ) ,  l e s s  th a n  0 . 6  t im e s  a s  lo n g  as  w ide a t  apex  (0 , 1 ) ,  
between 1 . 6  and 0 . 6  tim es as long  as wide a t  apex (0 , 0 ) .

38. G a s tra l  s t e r n i t e  1 ends p o s t e r io r  o f s p i r a c l e  of g a s t r a l  t e r g i t e  1 (1) , 
g a s t r a l  s t e r n i t e  1 ends basad  of s p i r a c l e  of g a s t r a l  t e r g i t e  1 (0 ) .

39. G a s tra l  t e r g i t e  1 s p i r a c l e  s i t u a t e d  w ith in  o r g r e a te r  than  0 .3 6  
of basad p a r t  of g a s t r a l  t e r g i t e  1 (1 ) ,  g a s t r a l  t e r g i t e  1 s i t u a t e d  
l e s s  than  0 .36  basad  of g a s t r a l  t e r g i t e  1 (0 ) .

4 0 .1 , 4 0 .2 . G a s tra l  s t e r n i t e  1 w ith  a p a i r  of f l a t  tu b e rc le s  ( 1 ,0 ) ,  g a s t r a l  
s t e r n i t e  1 w ith  a p a i r  of sh a rp  tu b e r c le s  (0 , 1 ) ,  g a s t r a l  s t e r n i t e  1 
w itho u t tu b e rc le s  (0 , 0 ) .
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41. G a s tra l  t e r g i t e s  3-5 w ith  s tro n g  t r a n s v e r s e  fu rrow s (1 ) , g a s t r a l  
t e r g i t e s  3-5 w ith o u t t r a n s v e r s e  fu rrow s o r p re s e n t  o n ly  very  w eakly 
( 0 ) .

4 2 .1 , 4 2 .2 . G a s tra l  s t e r n i t e s  2-4 w ith  tu b e rc le s  a t  m id -p o in t ( f ig
6.1A) ( 1 , 0 ) / ““g a s t r a l  s t e r n i t e s  2 -4  w ith  t u b e r c l e s  n e a r  a n t e r i o r
b o rd e r ( f ig  6 . IB) ( 0 ,1 ) ,  s t e r n i t e s  2-4 w ith  no tu b e rc le s  (2 ,1 ) .

4 3 .1 , 4 3 .2 . T u b e rc les  on g a s t r a l  s t e r n i t e  3 l im ite d  to  a r id g e  on 
th e  edge of th e  g a s t r a l  s t e r n i t e ,  n o t p ro je c t in g  v e n t r a l l y  below th e  
g a s t r a l  s t e r n i t e  (0 , 0 ) ,  tu b e r c le s  r a i s e d  up above th e  le v e l  of th e  
g a s t r a l  s t e r n i t e  (1 , 0 ) ,  tu b e r c le s  p ro je c t in g  from th e  bottom  of th e  
g a s t r a l  s t e r n i t e  and curved inw ards (0 , 1 ) .

4 7 .1 , G a s tra l  t e r g i t e  5 a p i c o - l a t e r a l  ang le  l e s s  than  125 d eg ree s  
(1 ) ;  g r e a te r  than  125 d eg rees  (0 ) .

4 8 .1 , 4 8 .2 . G a s tra l  t e r g i t e  8 horn  c le a r l y  v i s i b l e  d o r s a l ly  and w ith  
a hollow  c e n tre  (0 , 0 ) ,  horn  n o t p re s e n t  bu t edge of g a s t r a l  t e r g i t e  
8 hollow  (1 , 0 ) ,  horn  not p re s e n t  and edge of g a s t r a l  t e r g i t e  8 no t 
hollow  (1 , 1 ) .

4 9 . O v i p o s i t o r  s i n u a t e  and  c o m p re s s e d  j u s t  b e h in d  ap ex  ( 1 ) ,  
o v ip o s i to r  t i p  s t r a i g h t  and u n f la t te n e d  (0 ) .

5 0 .1 , 5 0 .2 . Forewing le n g th  of l a r g e s t  specim ens over 20 mm ( 1 ,0 ) ,  
fo rew ing  le n g th  under 8 mm (0 , 1 ) ,  fo rew ing  le n g th  betw een 8 mm and 20 
mm (0 , 0 ) .

6.7. Preliminary Results

The overall randomness ratio for the data set was 0.7, indicating a 
high level of homoplasy, just lower than that found in the Townes 
data set (chapter 2) , but higher than the final pimpline data set 
(chapter 3). The polar incompatibilities are discussed below.



6.7.1. Cladograms: initial results

F ig s  6 .9  and 6 .1 0  show th e  r e s u l t s  o f th e  LEQUB/PROB$ and O'NOMOD 
a n a ly s e s .  These cladogram s a re  v e ry  i n t e r e s t i n g  as th ey  show th e  same 
b a s ic  s t r u c t u r e  e x c e p t i n  two c h a r a c t e r s  t h a t  a r e  in  th e  O'NOMOD 
a n a ly s is  ( c h a r a c te r s  25 .1  and 4) and n o t in  th e  LEQU; and two th a t  
a re  in  th e  LEQU b u t n o t in  th e  O'NOMOD -  (19 and 2 5 .2 ) .  T h e re fo re , 
th e  two c l iq u e s  a re  of i d e n t i c a l  s i z e .  However, c h a ra c te r  19 which i s  
throw n o u t l a t e  in  th e  O'NOMOD a n a ly s is  i s ,  in  f a c t ,  com patib le  w ith  
th e  f i n a l  c l i q u e ,  b u t was l o s t  due to  i n c o m p a t i b i l i t y  w ith  th e  
c h a ra c te r  thrown ou t l a s t  in  th e  O'NOMOD a n a ly s is  ( c h a ra c te r  12).

The r e s u l t s  show a b a s i c a l l y  s i m i l a r  p a t t e r n  o f ap o m o rp h ie s . 
There i s  one v ery  s tro n g  elem ent in  th e  cladogram  (th e  fo u r c h a ra c te r s  
t h a t  s e p a ra te  ta x a  1-4 from th e  r e s t )  , and 2 f a i r l y  ro b u s t g roup ings 
( th e  g roup ing  su p p o rted  by c h a r a c te r s  18 .2  and 34; and th e  grouping  
su p p o rted  by c h a ra c te r s  49 and 1 1 .1 ) .  However, beyond th a t  a l l  th e  
g r o u p in g s  a r e  d e l i n e a t e d  by a s i n g l e  ap o m o rp h y . T h ese  m ust be 
c o n s id e re d  u n s u b s ta n t ia te d  l i n k s .

S ev e ra l of th e  g en era  which a re  p r e s e n t ly  reco g n ised  (Townes 1969, 
Kamath & G upta 1971) a r e  n o t  d e l i n e a t e d  as h o lo p h y le t ic  g ro u p s . 
M e g a rh y ssa  (group "A” : 13-15 , 25-28 and 71, a long  w ith  8-12) i s  s p l i t  
i n t o  two p a r a p h y l e t i c  g r o u p s ;  R h y s s e l l a ,  and  L y t a r m e s  h ave  no 
au tapom o rp h ies; and S y c h n o s tig m a  i s  shown as a p a ra p h y le tic  g ra d e - 
g roup  from  w hich E p i r h y s s a ,  T r i a n c y r a  and M y l l e n y x i s  have a r i s e n .  
Both E p ir h y s s a  and T r ia n c y r a  a re  su p p o rted  by one c h a ra c te r ,  and in  
a d d i t io n  two groups n o rm ally  in  S y c h n o s tig m a  a re  d e l in e a te d  by one 
c h a r a c t e r .  The o n ly  g e n e ra  t h a t  a r e  s t r o n g l y  s u p p o r te d  a re  R h y s s a  
(which i s  c l e a r l y  r i g h t  a t  th e  b ase  o f th e  rh y ss in e s )  and M y l le n y x i s  
(w hich i s  c l e a r l y  th e  m ost d e r iv e d  r h y s s i n e ) . The p o s i t i o n  of th e  
g en u s  C y r t o r h y s s a  i s  u n c e r t a i n .  One s p e c i e s  o f t h i s  g en u s i s  
d e s c r ib e d  as p o s s e s s in g  v e in  3 rs-m  in  th e  fo re w in g , t h a t  i s  th e  
p le s io m o rp h ic  s t a t e  of c h a r a c te r  16 ( C. m e s o p y r r h a , taxon 28) (Kamath 
& G up ta , 1971) and th e  o th e r  as  n o t p o s s e s s in g  v e in  3rs-m  in  th e  
fo rew in g , th a t  i s  th e  apom orphic s t a t e  of c h a ra c te r  16. As c h a ra c te r
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1 - 4

5 - 1 2
"Al"
" B l "
37
54
7 4
" C l "
"Dl"
" E l "
4 0 , 7 2
•i FI ' .
4 8 , 6 4 , 6 5

9 -
"El" = 41,51,70, 7^,7§,8d; "'FI" = 18,42,52,^2.

#Fig. 6.9. LEQU/PROB Cladogram for the rhyssine data set, without male gastraJ. characters.

K e y :  JL  -  a p o m o r p h y .  " A 2 "  = 1 3 - 1 5 , 2 5 - 2 8 , 7 1 ;  " B 2 "  =I f y f l :f8;i o ' . ' ^ 0' ^  6 | - s ' ^'7=5-
Fig. 6.10. O ’NOMOD Cladogram for the rhyssine data set, without male gastral characters.
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16 e n t e r s  th e  f i n a l  c l i q u e  t h i s  im p l ie s  t h a t  th e  genus i s  a t  b e s t  
p a r a p h y l e t i c . H ow ever, no sp ec im en s  o f th e  seco n d  and o n ly  o th e r  
s p e c ie s  in  th e  g en u s, C. m u e l l e r i  were _ a v a i la b le  fo r  s tu d y .

T able 6 .3 .  Summary o f i n i t i a l  r e s u l t s .

Genus A pparent S ta tu s

R h y ssa H o lo p h y le tic
R h y s s e l l  a P a ra p h y le t ic
M e g a rh y ssa P a ra p h y le tic
L y ta r m e s P a ra p h y le tic
C y r to r h y s s a P o ly p h y le tic
S y c h n o s tig m a P a ra p h y le t ic
E p ir h y s s a H o lo p h y le tic
T r ia n c y r a H o lo p h y le tic
M y l le n y x i s H o lo p h y le tic

6 .7 .2 .  T re e s : p h y lo g e n e tic  h y p o th eses

A lth o u gh  th e  two c la d o g ra m s  a r e  s i m i l a r ,  th e  c h a r a c t e r s  j u s t  
o u ts id e  th e  c l iq u e  a re  q u i te  d i f f e r e n t .  Of the  l a s t  f iv e  c h a ra c te r s  
to  be throw n  o u t o f th e  two a n a ly s e s  th e r e  i s  o n ly  one common to  
b o th : c h a ra c te r  2 . The o th e r  c h a r a c te r s  form a m u tu a lly  in c o m p a tib le  
s e t ,  e x c e p t f o r  c h a r a c t e r  2 5 .2  in  th e  O'NOMOD s e t  w hich i s  in  th e  
o r ig in a l  LEQU c l iq u e .  The l a s t  c h a ra c te r s  to  be thrown out from b o th  
a n a ly se s  w i l l  now be r e in t ro d u c e d .



6.7.3. The PROBS/LEQUB analysis

The fo llo w in g  c h a r a c te r s  a re  j u s t  o u ts id e  th e  c l iq u e :

(a )  C h a r a c t e r  2 . E n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s tu la te d :  th e  f i r s t  in  ta x a  3 5 ,3 6 ,5 7 ,7 8  ("A "); and th e  second in  67.

(b) C h a r a c te r  3 6 .1 .  E n te r s  th e  c l i q u e  i f  f o u r  p a r a l l e l i s m s  a r e
p o s t u l a t e d :  one in  ta x a  2 6 ,2 7 ,2 8 ;  one in  th e  c la d e  d e l i n e a t e d  by 
c h a ra c te r  39; one in  ta x a  ' 2-4-cs«̂ - H  ; and one in
taxon  79.

(c ) C h a r a c t e r  5 0 .1 .  E n t e r s  t h e  c l i q u e  i f  3> p a r a l l e l i s m s  a r e  
p o s tu la te d :  one in  tax a  8 -1 2 ;io n e  in  ta x a  13 and 14.

(d) C h a ra c te r  4 2 .2 . E n te rs  th e  c l iq u e  i f  a r e v e r s a l  i s  p o s tu la te d  in  
th e  c la d e  d e f in e d  by c h a r a c te r s  1 1 .1  and 49.

(e) C h a r a c te r  2 4 .2 .  E n te r s  th e  c l i q u e  i f  foot- p a r a l l e l i s m s  a r e  
p o s tu la te d :  one in  ta x a  35 and 78; one in  taxon 54; one in  taxon
^ -f -\  > a , (r ^ x o ^  2.4-.

With th e se  h o m o p lastic  c h a r a c te r s  added th e  r e s u l t i n g  h y p o th e t ic a l  
t r e e  i s  as shown in  f ig  6 . 1 1 .

6 .7 .4 .  The O’NOMOD a n a ly s is

The fo llo w in g  c h a ra c te r s  a re  j u s t  o u ts id e  th e  c l iq u e :

(a) C h a ra c te r  12. E n te rs  th e  c l iq u e  i f  a p a r a l le l i s m  i s  p o s tu la te d  
b e tw e e n  t a x a  72 an d  7 3 . As t h i s  p r o d u c e s  tw o s i n g l e  t a x o n  
au tapom orph ies and th e r e f o r e  has no r e a l  in fo rm a tio n  c o n te n t ,  i t  has 
no t been in d ic a te d  on th e  h y p o th e t ic a l  t r e e  d iagram .

(b) C h a r a c te r  30 . T h is  e n t e r s  th e  c l i q u e  i f  a p a r a l l e l i s m  i s
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Key: ■ - apomorphy; 0 - parallelism; 0 - reversal;"A3" - taxa ,36,55,56; "B3" - 3 0,31,60,68,69 ?"C3" - 18,42,62,52; ,,D3,, - 16-19,21,29,39,63,66,46; "EB'1- 17,18,22,23,25,38,44,45,50,53,58,59,61,71,20,43 ,49,75,77; "F3 " - 51,70,73, 41,79,80.
Fig 6.11. Hypothetical tree without male gastral characters for the rhyssine data set. LEQUB/PROB$ analysis.
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p o s tu la te d  betw een ta x a  35 and 37. Once ag a in  t h i s  p roduces two s in g le  
taxon  apom orphies and has n o t been in d ic a te d  on th e  d iag ram .

(c) C h a r a c te r  2 5 .2 .  E n te r s  th e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s tu la te d :  one in  ta x a  18, 52 and 62; th e  o th e r  in  taxon  42.

(d) C h a r a c t e r  2 . E n te r s  th e  c l i q u e  i f  tw o p a r a l l e l i s m s  a r e  
p o s tu la te d :  one in  ta x a  54, 37, 35, 36, 78, 57; th e  o th e r  in  taxon  67.

(e) C h a r a c te r  2 9 .1 .  E n te r s  th e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s tu la te d :  one in  ta x a  19, 22, 63 and 77; th e  o th e r  in  taxon  40.

( f )  C h a r a c t e r  3 . E n te r s  th e  c l i q u e  i f  two p a r a l l e l i s m s  a r etp o s tu la te d :  one in  ta x a  26, 27 and 28; th e  o th e r  in  taxon  32.

The r e s u l t i n g  h y p o th e t ic a l  t r e e  i s  shown in  f i g  6 .1 2 .

6 .7 .5 .  S ub se t a n a ly s e s

Subset a n a ly s e s  were o n ly  perform ed where th e re  was 
s t r o n g  e v i d e n c e

fo r  a g ro u p in g . T h is was d ec id ed  upon because of th e  co n fu sio n  th a t  
w ould be c a u s e d  by p i c k in g  g ro u p s  t h a t  a r e  d e f in e d  by h i g h l y  
h o m o p la s t ic  c h a r a c t e r s  and p e r fo rm in g  an a n a l y s i s  on them . The 
c r i t e r i o n  used fo r  t h i s  was where bo th  a n a ly se s  showed a t  l e a s t  two 
c h a r a c t e r s  s u p p o r t in g  th e  presum ed c la d e .  T h is  l e f t  th e  fo l lo w in g  
s u b s e ts :

(1) ta k in g  out ta x a  1 -4 ; le a v in g  th e  c la d e  d e f in e d  by c h a ra c te r s  14,
1 8 .1 , 31 .1  and 33. T his produced th e  same s e t  of r e s u l t s  in  each c a s e .

(2 ) ta k in g  out ta x a  1- 1 2 ; le a v in g  th e  c la d e  d e f in e d  by c h a ra c te r s
18.2  and 34. T his produced  th e  same s e t  of r e s u l t s  in  each c a se .

(3) ta k in g  out a l l  tax a  ex cep t fo r  th o se  grouped by c h a ra c te r s  11 .1  
and 49. There were too  few tax a  fo r  t h i s  a n a ly s is  to  be m ean in g fu l.
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Key: ■ - apomorphy; <f> - parallelism; © - reversal; "A4" taxa 13,14,15,71 ; "B4" - 32-36,55-57 ."C4" - 35,36,57/;"D4" - 30,31,60,68,69; "E4" - 16,17,19,21,23,24,25,29,38,39,44,45,46,50,53,58,59,61,66,75; "F4" - 51,70,73,41,79,80; "G4" - 22,77,63,19.
Fig 6.12. Hypothetical tree, without male gaster data for the rhyssine data set. O'NOMOD analysis.
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As was th e  case  fo r  th e  poem eniine su b s e t  a n a ly s is  in  c h a p te r  3, th e  
r e s u l t s  g iv e  a la r g e  number of apom orphies a t  each node a l i  of which 
would r e q u i r e  an u n l i k e l y  num ber o f r e v e r s a l s  in  th e  group  a s  a 
w hole.

6 .7 .6 .  Comments on th e  two t r e e s

The two t r e e  d iagram s o b ta in e d  by th e  two c o m p a t ib i l i ty  methods have
v a r io u s  e le m e n ts  in  common and s e v e r a l  m ajo r d i f f e r e n c e s .  I t  i s
i n t e r e s t i n g  to  n o te  th a t  th e  s e c t io n s  which a re  in  common a re  u s u a l ly
th o se  su p p o rted  by more than  one c h a r a c te r ,  su g g e s tin g  th a t  they  may
be more ro b u s t  i n d ic a to r s  of r e l a t i o n s h ip  than  th o se  l in e s  su p p o rted  *by a s in g le  c h a r a c te r .  These s e c t io n s  a re :

(1) C h a r a c te r s  14, 1 8 .1 ,  3 1 .1 ,  and 33 s e p a r a t i n g  ta x a  1-4  from  
5 -80 .

(2) C h a ra c te rs  18 .2  and 34 s e p a r a t in g  ta x a  5-12 from 13-80.

(3) C h a ra c te r  16 s p l i t t i n g  th e  group in to  one c la d e  c o n s is t in g  of 
tax a  13-15 , 26-28 and 71 and a n o th e r  o f ta x a  16-25 , 29-70 and 72-80 .

(4) C h a ra c te r  39 s p l i t t i n g  o f f  ta x a  32-37 54-57/. W ithin t h i s
c la d e  b o th  a n a l y s e s  h a v e  t a x a  3 5 , 3 6 , 5 6 , 54 and 37 l i n k e d  by 
c h a ra c te r  2, and c h a ra c te r s  54 and 37 l in k e d  by c h a ra c te r  23.

(5) C h a ra c te r  40 .2  s p l i t t i n g  o f f  ta x a  30-31 , 60, 6 8 , 69, and 74.3 la<A
W ithin t h i s  c la d e  tax a  30, 31, 60, 68 ,^69  a re  c h a ra c te r is e d  by
c h a ra c te r  1 1 . 2 .

(6 ) C h a ra c te rs  11.1  and 49 s e p a r a te  o f f  tax a  40, 72, 70, 73, 41, 
51, 79 and 80. The c h a ra c te r  19 th en  ta k e s  o f f  a l l  th e  tax a  w ith in  
t h i s  group e x c e p tin g  40 and 72.

I t  can be seen  th a t  th e  o n ly  a d d i t io n a l  c h a ra c te r  th a t  i s  common to  
bo th  t r e e s  and i s  not in  an i n i t i a l  cladogram  i s  c h a ra c te r  2. T h is
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i n d i c a t e s ,  a s  d i s c u s s e d  a b o v e , t h a t  th e  r e m a in in g  t a x a  show 
c o n f l i c t i n g  c h a r a c te r  s t a t e s  which ten d  to  cause  c la d e s  d e f in e d  by 
s in g le  apom orphies to  s h u f f le  around acco rd in g  to  th e  o rd e r  in  which 
c h a ra c te r s  a re  removed w ith in  th e  a n a ly s e s .  T his im p lie s  th a t  th e  
r e s u l t i n g  g ro u p in g s  a re  n o t p a r t i c u l a r l y  s t ro n g .

In  th e  nex t~~section  o f th e  t h e s i s  male g a s t r a l  c h a ra c te r s  w i l l  be 
in t r o d u c e d .  Of s p e c i a l  i n t e r e s t  w i l l  be w h e th e r M e g a r h y s s a ,  w hich 
a p p e a rs  to  be a p a r a p h y l e t i c  g ro u p  in  th e  i n i t i a l  a n a l y s i s ,  b u t  
a p p a r e n t ly  h as  a u ta p o m o rp h ie s  w hich  a r e  g a s t r a l  c h a r a c t e r s ,  i s  
d e f in e d  by th o s e  c h a r a c t e r s  o r w h e th e r  th e  g a s t r a l  c h a r a c t e r s  a r e  
h ig h ly  h o m o p la s tic . From th e  i n i t i a l  a n a ly s is  i t  must be assumed t h a t  
th e  l a t t e r  i s  t r u e ,  and th a t  th e  M e g a rh y ssa  g a s t r a l  c h a ra c te r s  have 
evo lved  a t  l e a s t  tw ic e .
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6.8. Male gasters and mating systems

One of th e  most s t r i k i n g  th in g s  about rh y s s in e s  i s  th e  wide ran ge  
o f g a s t r a l  shape found in  th e  m ales (Townes, 1969; Kamath & G upta, 
1972; P o r t e r ,  1 9 7 8 ). W hile fe m a le s  show a ra n g e  o f m o d if ic a t io n s  
a s s o c ia te d  w ith  m a n ip u la tin g  th e  o v ip o s i to r ,  t h e i r  b a s ic  body p la n  
re m a in s  e s s e n t i a l l y  t h e  sa m e . F o r e x a m p le , M e g a r h y s s a  h a s  a 
membranous re g io n  betw een g a s t r a l  t e r g i t e s  7 and 8 in to  which p a r t  o f 
th e  o v ip o s i to r  p a sse s  d u r in g  o v ip o s i t io n  (see  c h a p te r  5 ) .  S pecies o f 
o th e r  g e n e ra  show a s i m i l a r  s t r u c t u r e  b u t w hich  i s  much l e s s  w e l l  
d e v e lo p e d ,  s im p ly  b e c a u s e  th e  o v i p o s i t o r  i s  n o t  a s  l o n g .  The 
s i m i l a r i t y  o f fem ale m orphology i s  r e f l e c te d  in  th e  t r e e  d e riv ed  from 
p red o m in an tly  fem ale m orphology (see  ab o v e). T his s e c t io n  w il l  t r y  
to  e x p la in  why m ales  a r e  so  v a r i a b l e  and w h e th e r th e  p a t t e r n s  o f 
m ale g a s t e r  sh ap e  h av e  p h y lo g e n e t ic  s i g n i f i c a n c e ,  o r  a re  s im p ly  
r a th e r  s h o r t- te rm  a d a p tiv e  re sp o n se s  to  env iro n m en ta l f a c to r s .

A n o th e r  i n t e r e s t i n g  f e a t u r e  o f  m a le  r h y s s i n e s  i s  t h a t  i n  
c e r t a i n  s p e c ie s  th e re  i s  a s t ro n g  tendency  fo r  sm a ll m ales to  have a 
d i f f e r e n t  g a s t r a l  shape from la r g e  ones (A bb o tt,1935; Townes, 1 969). 
Along w ith  t h i s  change in  sh ap e , sm all M e g a rh y ssa  s p e c ie s  lo se  th e  
d e f in in g  c h a ra c te r s  o f th e  genus (Townes, 1969: d e f in e d  as c h a ra c te r s  
51 and 52 in  s e c t io n  6 .9 ) .  T h is shape change i s  shown fo r  M e g a rh yssa  
e m a r g in a to r ia  in  f i g  6 .1 3 . The d i f f e r e n c e  i s  v e ry  o bv iou s, and i t  i s  
m a n ife s te d  even more c l e a r l y  in  th e  d e n s i ty  o f h a i r s  in  la rg e  and 
sm all m a les . F ig s  6 .14  and 6 .15  show t h i s :  l a r g e  m ales have alm ost 
co m p le te ly  smooth g a s t r a l  t e r g i t e s  w hile  sm all m ales have ex trem ely  
h a i r y  g a s t r a l  t e r g i t e s .  T h a t l a r g e  m ale M e g a r h y s s a s  a re  sm ooth i s  
easy  to  e x p la in  -  th ey  a re  i n s e r t i n g  in to  fem ale emergence tu n n e ls ,  
and hav ing  a h a i r y  abdomen would make t h i s  a d i f f i c u l t  p ro c e s s . As 
fo r  sm all h a i r y  m ales , i t  i s  c l e a r  th a t  they  canno t be i n s e r t i n g ,  and 
th e y  may be h a i r y  f o r  r e a s o n s  o f th e rm a l r e g u l a t i o n ,  as th e y  w i l l  
have a u n fav o u rab le  s u r fa c e  a re a  to  volume r a t i o .

In  a d d i t i o n  to  th e s e  i n t r a - s p e c i f i c  v a r i a t i o n s ,  one o th e r  m ajo r 
i n t e r - s p e c i f i c  m o r p h o l o g i c a l  d i f f e r e n c e  o c c u r s  a m o n g s t t h e
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Fig  6 .1 3 . F in a l  g a s t r a l  segm ents of m ales of K e g a r h y s s a  
e m a r g in a to r ia .  A. Sm all male (fo re  wing le n g th  10.5mm). 
B. Large male ( fo re  wing le n g th  21.4  mm).



A B

Fig  6 .1 4 . D orsal view of g a s t r a l  t e r g i t e  5 of R h y s s e l l a  a p p r o x im a to r :  
(a) la rg e  m ale; (b) sm all m ale. Note d i f f e r e n c e  in  shape .

Fig 6 .1 6 . High m a g n if ic a tio n  view (X 800) of g a s t r a l  t e r g i t e  6 of 
R h y s s e l l a  a p p r o x im a to r :  (a) la rg e  m ale; (b) sm all m ale. 
Note d if f e r e n c e  in  d e n s i ty  of h a i r s .
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r h y s s i n e s ;  t h a t  i s  t h e  p r e s e n c e  o r  a b s e n c e  o f th e  a n a l  g la n d  
(Matthews e t  a l ,  1979) in  m a les . T h is p a ire d  b r u s h - l ik e  s t r u c tu r e  i s  
found a t  th e  p o s t e r i o r  end of th e  f i n a l  g a s t r a l  t e r g i t e  ( f ig  6 .17) in  
a l l  examined s p e c ie s  of r h y s s in e s ,  ex cep t R h yssa  s p e c ie s  ( f ig  6 .1 6 ) .  
T h is i s  presumed to  r e l a t e  to  d i f f e r e n c e s  in  m ating  system s th a t  a re  
d is c u s s e d  in  c h a p te r  5 , and below .

The em phasis o f t h i s  s e c t io n  i s  on male m ating sy stem s, le a d in g  on 
from th e  d e s c r ip t io n s  in  c h a p te r  5 . One o f th e  main problem s th a t  i t  
w i l l  seek  to  s o lv e  i s  t h a t  of th e  a p p a re n tly  c lo s e ly  r e l a t e d  g en e ra  
M e g a rh y ssa  and R h y s s e l l a  which can o n ly  be d e fin e d  by male abdom inal 
c h a r a c te r s .  I t  i s  th e  d isc o v e ry  of what th e se  abdom inal c h a ra c te r s  
mean in  a b i o l o g i c a l  s e n s e ,  and w h e th e r  th e y  have e v o lv e d  once o r  
s e v e r a l  t im e s , t h a t  w i l l  le a d  to  a c l a r i f i c a t i o n  of th e  p h y lo g e n e tic  
and taxonom ic s t a tu s  o f th e  g roup .

6 .8 .1 .  M ating s t r a t e g i e s  in  th e  R hy ssinae

In  c h a p t e r  5 t h e  m a t in g  s y s te m s  fo u n d  in  th e  R h y s s in a e  w ere  
d e s c r ib e d .  The tax o n o m ic  d i s t r i b u t i o n  o f th e  o b s e r v a t io n s  i s  v e ry  
p a tc h y , r e f e r r in g  to  around h a lf - a -d o z e n  s p e c ie s .  The c o n c lu s io n s  
can be sum m arised:

1. P ost-em ergence m atin g . Males w a its  u n t i l  fem ale i s  
f u l ly  emerged b e fo re  m ating w ith  h e r .  Recorded in  R h yssa  
p e r s u a s o r i a .  (T his i s  p ro b ab ly  a scram ble c o m p e titio n  
sy s te m ).

2 . P re -e m e rg e n c e  m a tin g . M ales m ate w ith  fe m a le s  b e f o r e
th e y  a r e  f u l l y  e m e rg e d . T h is  can  be s p l i t  i n t o  two s u b ­
s e c t i o n s :  ( a )  F e m a le  D e f e n c e  P o ly g n y :  M a le s  g u a r d
emergence s i t e s  -  re co rd ed  in  L y ta rm e s  m a c u l ip e n n is .  (b) 
Scram ble c o m p e tit io n  polygyny -  reco rd ed  in  s e v e ra l  sp e c ie s  of 
M e g a rh y ssa .
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Fig  6 .1 6 . F in a l  g a s t r a l  t e r g i t e  of R h y ssa  showing absence of s tro n g ly  
developed  a n a l g la n d . X 35.

Fig 6 .1 7 . F in a l  g a s t r a l  t e r g i t e  of E p ir h y s s a  f l a v o p ic tu m  showing the  
s t ro n g ly  developed  b ru s h - l ik e  an a l g lan d . X 40.
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T h e r e  a r e  tw o  m a in  i n d i c a t o r s  o f  t h e  m a t in g  s y s te m  o f  
r h y s s i n e s .  One o f  th e s e  ways i s  d i r e c t  and th e  o th e r  r e l i e s  on 
assum ptio ns abou t male g a s t r a l  shape and m ating s t r a t e g i e s .

6 .8 .2 .  D ire c t  ev id en ce

The v a r io u s  m a tin g  sy s tem s  fo u n d  th ro u g h o u t th e  r h y s s in e s  w ere 
d i s c u s s e d  i n  c h a p t e r  5 .  The t a b l e  b e lo w  s u m m a r is e s  t h i s  
in fo rm a tio n :

T able 6 .3 .  Summary o f known male m ating  system s in  th e  R hyssinae *

S pec ies M ating System R eference

R h y ssa  p e r s u a s o r i a P ost-em ergence Myers (1928)

M e g a rh y ssa  c i t r a t a  
M e g a rh y ssa  p r a e c e l l e n s Scram ble comp. Yasumatsu (1937,1938)

M e g a rh y ssa  g r e e n e i Scram ble comp.-j
l
i

Heatwole e t  a l ,
1962, 1964; Matthews

M e g a rh y ssa  m a cu ru s Scram ble comp. [-
li

e t a l  1979;Crankshaw 
& M atthews, 1981.

M e g a rh y ssa  a t r a t a
1Scram ble comp.J

M e g a rh y ssa  n o r to n i Scram ble comp. Madden,1968;
Davies & Madden, 1985.

R h y s s e l l a  a p p r o x im a to r Scram ble comp. Thompson, p e rs  comm

L y ta r m e s  m a c u l ip e n n is Female d e fen ce E g g le to n , in  t h i s  t h e s i s
(c h a p te r  5, in
p re ss)
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6 .8 .3 .  I n d i r e c t  ev id en ce

I t  has been n o ted  by s e v e r a l  w orkers (Townes, 1969 e s p e c i a l ly ) ,  th a t  
sm a ll m ales o f M e g a rh y ssa  s p e c ie s  ten d  to  lack  th e  extrem e abdom inal 
s p e c i a l i s a t i o n s  o f t h e i r  l a r g e r  c o n s p e c i f i c s . They have o f t e n  
been  r e f e r r e d  to  a s  " d w a rf  m a le s "  and  th e y  l a c k  th e  d e f i n i n g  
c h a ra c te r s  o f M e g a rh y ssa  (see  b e lo w ). Upon c a su a l in s p e c t io n  i t  seems 
th a t  t h i s  e f f e c t  i s  one o f a g ra d u a l s h i f t  between th e  s m a lle s t  and 
l a r g e s t  m ales in  any sam ple. I t  would be i n t e r e s t i n g  to  see  w hether 
t h i s  e f f e c t  i s  a s t a t i s t i c a l l y  r e a l  one and w hether i t  a p p l ie s  a c ro s s  
a l l  th e  r h y s s in e s .  The problem  can be seen  in  term s o f shape changes 
in  th e  g a s te r  of th e  o rganism s -  do a l l  rh y s s in e s  show s i z e - r e l a t e d  
shape changes o r i s  th e  e f f e c t  o n ly  seen  in  one group o f sp e c ie s?  -  
w hether th ey  be a taxonom ic o r e c o lo g ic a l  g ro up ing .

In  o r d e r  t o  i n v e s t i g a t e  t h i s ,  t h e  s p e c i e s  w h ere  th e  m a tin g  
sy s te m  i s  known w ere  e x a m in e d . The l e n g th  o f  th e  fo re w in g  was 
used  as a m easu re  o f th e  body s i z e  o f i n d i v i d u a l  m ales (G auld & 
F i t t o n ,  1987) and th e  r a t i o  o f le n g th :w id th  o f t e r g i t e  5 o f th e  
g a s t e r  was c h o s e n  to  r e p r e s e n t  th e  sh a p e  o f  t h e  abdom en. T h is  
m easure  was ch o sen  a s  i t  was fo u nd  to  be d i f f i c u l t  to  m easure  th e  
e n t i r e  l e n g t h  o f t h e  g a s t e r  a c c u r a t e l y  due to  th e  e f f e c t s  o f 
t e l e s c o p in g  o f th e  p o s t e r i o r  g a s t r a l  segm ents (an e f f e c t  common 
to  m o s t i c h n e u m o n i d s ) . The f i f t h  s e g m e n t  i s  n o t  n o r m a l l y  
s i g n i f i c a n t l y  t e l e s c o p e d  i n t o  i t s  p o s t e r i o r  o r  a n t e r i o r  
n e ig h b o u rs ,  y e t  i t  d o es v a ry  in  sh a p e  in  s p e c ie s  t h a t  e x h i b i t  th e  
phenomenon.

F o r  t h e  s p e c i e s  w i t h  known m a t in g  s t r a t e g y  t h e  t e r g i t e  5 
l e n g t h : w i d t h  r a t i o s  h av e  b een  p l o t t e d  a g a i n s t  th e  f o r e - w in g  
le n g th  to  s e e  i f  t h e r e  a re  any c o r r e l a t i o n s .  U n f o r tu n a te ly ,  t h e r e  
were too  few specim ens of M e g a rh y ssa  n o r t o n i ,  M. a t r a t a ,  M. c i t r a t a  
and M. p r a e c e l l e n s  a v a i l a b l e  to  e n a b le  them to  be in c lu d e d .  The 
p lo ts  a re  shown in  f i g s  6 .18 and 6.19A-B , ct^d th e  a s s o c ia te d
c o r r e l a t i o n  c o e f f i c i e n t s  and p r o b a b i l i t i e s  of th e s e  c o r r e l a t i o n s

■Vo'ble. &. A-

b eing  s t a t i s t i c a l l y  s ig n i f ic a n t / .  As a c o r r e la t io n  i s  exp ec ted  o n ly  in
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the  one d i r e c t i o n  ( toward t h i n n e r  g a s t e r s  w i th  g r e a t e r  s i z e )  a one- 
t a i l e d  s i g n i f i c a n c e  t e s t  was employed (S oka l  & R o h l f ,  1 9 6 9 ) .  The 
r e s u l t s  a r e  summarised i n  t a b l e  6 .4 .

Table 6 .4 . C o r r e l a t i o n s f o r  s p e c i e s wi th  known mat ing  s t r a t e g i e s

Spec ies n mating sys c o r r . p rob .

M. p r e e n e i 6 SC 0.809 0 .0 5 1
M. m a cu ru s 12 SC 0.711 0 .0 0 9
R. a p p r o x . 30 SC 0.568 0 .0 0 1
L . m a c u l ip . 19 FD 0 .1 0 1 0.322
R .p e r s u a . 30 Pre-em - 0 .2 0 1 0.286

( P r o b a b i l i t i e s  i n  i t a l i c s  r e j e c t  the  n u l l - h y p o t h e s i s  of no c o r r e l a t i o n  
in  a o n e - t a i l e d  t e s t . )

C l e a r l y  t h e  m a t in g  s y s t em s  a r e  s e p a r a t e d  h e r e  by d i f f e r e n c e s  i n  
shape change w i th  s i z e .  The t h r e e  scramble  c o m p e t i t i o n  s p e c i e s  show 
i n c r e a s i n g  n a r r o w in g  and l e n g t h e n i n g  o f  g a s t r a l  t e r g i t e  5 w i th  
i n c r e a s e d  f o r e w in g  l e n g t h .  T h is  i s  e x a c t l y  what  h as  been  r e p o r t e d  
when workers (Townes, 1969; Kamath & Gupta,  1972) have r e f e r r e d  to  
"dwarf m a les " ,  specimens in  the  lowest  s i z e  c l a s s  of  males w i th  s t o u t  
g a s t e r s  t h a t  a r e  a p p a r e n t l y  n o t  e q u i p p e d  f o r  i n s e r t i o n .  The 
b i o l o g i c a l  s i g n i f i c a n c e  of the  unmodif ied  males found i n  th e  scramble  
c o m p e t i t i o n  s p e c i e s  i s  d i s c u s s e d  in  s e c t i o n  6 . .

I f  a l l  t h e  r e s u l t s  f o r  s p e c i e s  where t h e  m a t i n g  s y s t e m  i s  known 
a re  pooled  and p l o t t e d  t o g e t h e r ,  a ve ry  c l e a r  d i s c o n t i n u i t y  can b; 
seen  ( f i g  6.23A) .  Some p o i n t s  about  t h i s  graph  a r e  wor th  n o t i n g .

(a)  T h e r e  a r e  no s p e c i m e n s  i n  t h e  s t u d y  g r o u p  w i t h  a sm al  
r e l a t i v e  bod y  s i z e  and a n a r r o w  t e r g i t e  5 o f  t h e  g a s t e r .  Th 
c l e a r l y  r e l a t e s  t o  t h e  p r o b l e m  o f  b e i n g  a s m a l l  m a l e  i n  
s c r a m b l e  c o m p e t i t i o n  s p e c i e s ,  w he re  t h e  c h a n c e  o f  s u c c e s s f
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i n s e r t i o n  can be i n f e r r e d  to  drop o f f  with  d e c r e a s in g  g a s t r a l  l e n g th  
(Crankshaw & Matthews,  1981).  E s s e n t i a l l y ,  a l l  sm al l  r h y s s i n e  males 
can be i n f e r r e d  t o  have the  same body p lan  -  hence t h e  l a r g e  c l u s t e r  
of p o i n t s  around a fo rewing  l e n g th  of  5 mm and a g a s t r a l  5 r a t i o  of  
1 .

(b) T h e r e  i s  a d i s c o n t i n u i t y  b e t w e e n  l a r g e  m a l e s  w i t h  t h i n  
g a s t r a l  t 5  s e g m e n t s  and  l a r g e  m a l e s  w i t h  w i d e  g a s t r a l  t 5  
s e g m e n t s .  T h i s  s u g g e s t s  t h a t  sh ape  changes  do n o t  a p p ly  a c r o s s  
t h e  b o a r d ,  b u t  a r e  o n l y  f o u n d  i n  p r e - e m e r g e n c e  s c r a m b l e  
c o m p e t i t i o n  s p e c i e s .

From t h e s e  o b s e r v a t i o n s ,  i t  s h o u l d  be p o s s i b l e  t o  i n f e r  w h e th e r  
a s p e c i e s  i s  showing  a ^ s c r a m b l e  c o m p e t i t i o n  s y s t e m  by w h e th e r  i t  
shows a ,  s i z e - r e l a t e d ,  g a s t r a l  sh ape  c h a n g e .  More s p e c i e s  from 
the  BM (NH) c o l l e c t i o n s ,  and from o th e r  sou rces  have been examined as 
above,  and th e  r e s u l t s  a r e  shown in  f i g s  6.19C, 6 .2 0 ,  6.21 and 6 .22 ;  
and t a b l e  6 .5 .

Table 6 .5 .  C o r r e l a t i o n s  f o r  s p e c i e s  w i th  unknown mating sys tem s .

Spec ies n c o r r . p rob . i n f e r r e d

R. am oena 19 -0 .231 0.340 not SC
R. l i n e o l a t a 16 -0 .040 0.881 not SC
R. o b l i t e r a t o r 10 0.724 0 .0 1 8 SC
L . f a s c i a t u s 16 0.060 0.824 not SC
E. c r u c ia tu m 9 0.207 0.207 not SC
M. e m a r g in a to r i  a 12 0.812 0 .0 0 1 SC
E. f l a v o p i c t u m 13 0.077 0.803 not SC
Spec ies  29 8 0.283 0.496 not SC
E. m e x ic a n a 9 0.071 0.545 not SC
E . p h o e n ix 8 0.090 0.832 not SC

( P r o b a b i l i t i e s i n i t a l i c s r e j e c t  t h e n u l l . h y p o
c o r r e l a t i o n  i n  a o n e - t a i l e d  t e s t . )
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0 . 0 i»

(X O.Ol)

Fig 6 .2 0 .  P l o t s  of male g a s t r a l  t e r g i t e  5 l e n g th r w id th  v. fo rewing  
l e n g th  f o r :  A. R h y ssa  l i n e o l a t a ; B. R h y s s e l l a  
o b l i t e r a t o r ; C. L y ta r m e s  f a s c i a t u s .
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F i g  6 . 2 1 .  P l o t s  o f  m a l e  g a s t r a l  t e r g i t e  5 l e n g t h : w i d t h  v .  f o r e w i n g
l e n g t h  f o r :  A .  E p ir h y s s a  c ru c ia tu m ;  B .  M egarhyssa
e m a r g in a to r ia ;  C.  E p ir h y s s a  f la v o p ic tu m .
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l e n g t h  f o r :  A.  E p ir h y s s a  s p .  29 ; B .  E p ir h y s s a
m ex ica n a ; C.  E p ir h y s s a  p h o e n ix .
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These  r e s u l t s  d e m o n s t r a t e  t h a t  R h v s s e l l a  o b l i t e r a t o r , which i s  
c l e a r l y  t a x o n o m i c a l l y  c l o s e  t o  R h y s s e l l a  a p p r o x i m a t o r , i s  showing  
a v e r y  s i m i l a r  change  in  g a s t r a l  t e r g i t e  5 sh ape  w i th  i n c r e a s i n g  
f o r e - w i n g  l e n g t h .  A l l  t h e  o t h e r  s p e c i e s  show no such  c h a n g e s ,  and

p ( —5_—

can be assumed n o t  to  be showing a ^ s c r a m b l e  c o m p e t i t i o n  s y s t e m .  
Once a g a in ,  i f  the  s p e c i e s  w ith  known and unknown mating systems a re  
p l o t t e d  t o g e t h e r  a v e r y  s i m i l a r  p a t t e r n  a r i s e s  (6 .2 3 B ) ,  w i t h  no 
specimens i n  e i t h e r  of the  two a re a s  of d i s c o n t i n u i t y .  This s u p p o r t s  
the  o r i g i n a l  c o n c lu s io n s .

T h e s e  c o n c l u s i o n s  h av e  b e e n  b a s e d  on o n l y  a few s p e c i e s  o f  
r h y s s i n e s .  I t  w i l l  be i n t e r e s t i n g  t o  o b s e r v e  i f  t h i s  
d i s c o n t i n u i t y  i s  found  in  a much w id e r  r a n g e  of  s p e c i e s ,  where 
t h e r e  a r e  o n l y  one  o r  two s p e c i m e n s  a v a i l a b l e .  To i n v e s t i g a t e  
t h i s  a number of  i n d i v i d u a l  s p ec im en s  from a l l  s p e c i e s  which  have  
been examined d u r in g  the  s tudy  were measured.  These were added t o  the  
p l o t  above ( f i g  6 .2 3 B ) .  The p l o t  i s  c l e a r l y  b i a s e d  by t h e  s p e c i e s  
where a l a r g e  number of  s p e c i e s  were a v a i l a b l e ,  b u t  t h e  p a t t e r n  
remains  the  same ( f i g  6 .23C).  None of the  new s p e c i e s  f a l l  o u t s i d e  
the  g e n e r a l  shape of the  o th e r  two p l o t s .

What c a u s e s  t h i s  d i s c o n t i n u i t y ?  I t  i s  a r g u e d  t h a t  i t  i s  a 
r e s u l t  of  a d icho tom y in  m a t in g  s y s t e m s ,  be tween  p r e - e m e r g e n c e  
and p o s t - e m e r g e n c e  c o p u l a t i o n .  T h i s  d icho tom y  r u n s  e n t i r e l y  a lo n g  
p r e s e n t l y  c o n s t i t u t e d  taxonom ic  l i n e s .  I f  t h e  g e n e r a  R h y s s e l l a  
and M e g a r h y s s a  a r e  rem oved  f rom  t h e  a n a l y s i s ,  t h e  r e s u l t i n g  
diagram shows an extreme c l u s t e r i n g  and c l e a r l y  no c o r r e l a t i o n  ( f i g  
6 .24B).  The specimens t h a t  have been t aken  out  show no c l u s t e r i n g ,  
excep t  a t  low body s i z e s ,  and an o bv io u s ly  s i g n i f i c a n t  c o r r e l a t i o n  
Ofig 6 .2 4 A ) .  The d i s c o n t i n u i t y  i s  t h e r e f o r e  a r e a l  phenomenon,  
a s s u r e d l y  r e l a t e d  to  d i f f e r e n c e s  i n  male mating systems and i s  l i n k e d  
to  one p a r t i c u l a r  t axonom ic  g r o u p i n g .  However, as  d i s c u s s e d  i n  
c h a p te r  4, t h e  taxonomic g roup ing  i s  d e f in e d  by c h a r a c t e r s  which a re  
s i z e - r e l a t e d  and c l e a r l y  l i n k e d  t o  the  o b s e r v a t i o n s  made h e r e .  So, 
two q u e s t i o n s  n e e d  t o  be  a s k e d :  f i r s t ,  w h e r e  a n d  why a r e  
d i s c o n t i n u i t i e s  o c c u r r i n g ? ;  and ,  s e c o n d ,  i s  M e g a r h y s s a  d e f i n e d
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Fig  6 .23 .  Pooled  p l o t s  of male g a s t r a l  t e r g i t e  5 l e n g th r w id t h  v.
fo rewing  l e n g th  f o r :  A. s p e c i e s  w i th  known mat ing
sys tem s ;  B. A. + s p e c i e s  w ith  unknown mating sys tem s ;  C. 
B + s p e c i e s  w ith  fewer than  6 specimens a v a i l a b l e .
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because  the  s p e c i e s  in  i t  a l l  have s i m i l a r  mat ing  sys tem s,  a l t hough  
t h e s e  s y s t e m s  have been a c q u i r e d  i n d e p e n d e n t l y ? ,  o r  i s  M e g a r h y s s a  
d e f in e d  by a mating system t h a t  has evolved  only  once in  t h e  group 
and t h e r e f o r e  d e f i n e s  i t ?

6 .9 .  I s  M e g a rh y ssa  a h o l o p h y l e t i c  group?

H av in g  c o n c l u d e d  t h a t  t h e  s p e c i e s  b e l o n g i n g  t o  t h e  g e n e r a  
M e g a r h y s s a  and R h y s s e l l a  show a v e r y  c h a r a c t e r i s t i c  s i z e  r e l a t e d  
shape  c h a n g e ,  i t  now r e m a in s  t o  see  w h e th e r  c h a r a c t e r s  r e l a t e d  t o  
t h i s  s i z e - r e l a t e d  shape change a re  com pat ib le  o r  i n c o m p a t ib l e  with  
the  o r i g i n a l  r h y s s i n e  d a t a  s e t .  These c h a r a c t e r s  a r e  (Townes, 1969):

51.  T e r g i t e s  3 - 6  o f  m a le  s t r o n g l y  c o n c a v e  a p i c a l l y  and w i th  a m ed ia n  
a p i c a l  o r  s u b a p i c a l  l o n g i t u d i n a l  su bm em bran ou s a r e a

52.  M a le  c l a s p e r  w i th  a s t r o n g  s e t i f e r o u s  g r o o v e  c l o s e  t o  a n d  
p a r a l l e l i n g  th e  a p i c a l  0 .7 ±  o f  i t s  lo w e r  i n n e r  e d g e , and w i th  a s h o r t  
l o n g i t u d i n a l  s e t i f e r o u s  g r o o v e  a p i c o - l a t e r a l l y .

Both t h e s e  c h a r a c t e r s  vary  with  body s i z e  and i t  i s  very  l i k e l y  
t h a t  t h e  s i z e  r e l a t e d  n a t u r e  o f  t h e s e  c h a r a c t e r s  a r e  o b v i o u s  
m o r p h o l o g i c a l  m a n i f e s t a t i o n s  of t h e  p r o c e s s e s  d e s c r i b e d  a b o v e .  As 
such th e y  a re  conven ien t  to  u se ,  as c h a r a c t e r s ,  h e r e .  A more p r e c i s e  
way o f  e x p r e s s i n g  t h e  phenom enon  m i g h t  be by m e a s u r e m e n t s  o f  
c o r r e l a t i o n  between g a s t r a l  shape and o v e r a l l  body s i z e ;  or  by some 
measure of i n c r e a s i n g  d e n s i t y  of h a i r s  on the  l a s t  few segments of 
the  g a s t e r ,  w i th  body s i z e .  However, they  would both  r e q u i r e  a l a r g e  
number of  specimens in  each s p e c i e s  to  a s c e r t a i n  c l e a r l y ,  and so to  
avo id  a l a r g e  number of  m i s s i n g  v a l u e s  t h e y  have been  a v o i d e d .  
R h y s s e l l a  specimens have been coded as apomorphic f o r  c h a r a c t e r  51, 
as i t  i s  c l e a r  t h a t  l a r g e r  specimens show v e s t i g e s  of t h i s  c o n d i t i o n ,  
e s p e c i a l l y  on the  apex of the  l a s t  t e r g i t e .
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6 . 9 . 1 .  Cladograms and t r e e s

The o v e r a l l  randomness r a t i o  of the  d a t a  s e t  i s  0 .6 8 ,  s l i g h t l y  lower 
th a n  t h a t  o f  t h e  d a t a  s e t  w i t h o u t  male g a s t r a l  c h a r a c t e r s .  T h i s  
i n d i c a t e s  t h a t  the  male g a s t r a l  c h a r a c t e r s  have a below average  l e v e l  
of homoplasy f o r  the  d a t a  s e t .

The cladograms produced by the  a d d i t i o n  of t h e s e  c h a r a c t e r s  r e l a t e d  
to  mat ing  systems a r e  shown in  f i g  6.25 (LEQUB/PROB) and f i g  6 .26 .  
(O'NOMOD). Both a n a l y s e s  p l a c e  c h a r a c t e r  51 and 52 w i t h i n  t h e  
c l i q u e .

The LEQU/PR0B$ cladogram i s  e s s e n t i a l l y  s i m i l a r  to  t h e  cladogram 
produced w ithou t  the  g a s t r a l  c h a r a c t e r s .  The most s t r i k i n g  d i f f e r e n c e  
i s  the  i n c l u s i o n  of c h a r a c t e r  41 as p a r t  of the  c l i q u e .  This c h a r a c t e r  
p r e v e n t s  c h a r a c t e r s  40.2 and 11.2 e n t e r i n g  the  c l i q u e  and so does not  
show T r i a n c y r a  as  a h o l o p h y l e t i c  g r o u p .  R h y s s e l l a  and M e g a r h y s s a  
a r e  shown a s  h o l o p h y l e t i c ,  w i t h  R h y s s e l l a  a s  t h e  p a r a p h y l e t i c  
s i s t e r - g r o u p  o f  M e g a r h y s s a .  M y l l e n y x i s  a n d  E p i r h y s s a  a r e  
d e l i n e a t e d  as b e f o r e .  The h y p o t h e t i c a l  t r e e  can  be c o n s t r u c t e d  
as fo l lo w s :

(a) C h a r ac t e r  42.2 e n t e r s  t h e  c l i q u e  i f  a r e v e r s a l  i s  p o s t u l a t e d  in  
t h e  M y l l e n y x i s  c l a d e .  T h is  i s  t h e  same s i t u a t i o n  as  t h e  i n i t i a l  
a n a l y s e s .

(b) C h a r a c t e r  1 e n t e r s  t h e  c l i q u e  o n l y  i f  6 p a r a l l e l i s m s  a r e  
p o s t u l a t e d  -  i n  t a x a  30 ,31  and 6 8 ; i n  t h e  t a x a  2 0 , 4 3 , 4 9  and t h e  
t a x a  marked "A7M; i n  t a x o n  73;  i n  t a x o n  70;  i n  t a x a  7 2 ,7 9  and 80;  
and i n  t h e  t a x a  marked ,,D7*'. T h i s  i s  r a t h e r  u n i n f o r m a t i v e  as a 
c h a r a c t e r .

(c) C h a r a c t e r  2 4 .2  e n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s t u l a t e d :  i n  t ax a  35,  57 and 78; and i n  taxon 24.

(d) C h a r a c t e r  4 0 .1  e n t e r s  t h e  c l i q u e  w i t h o u t  hom op lasy  i f  two
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F i g .  6 . 2 5 .  LEQU/PROB$ C l a d o g r a m  f o r  t h e  r h y s s i n e  d a t a  s e t  
w i t h  g a s t r a l  c h a r a c t e r s  a d d e d .
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F i g .  6 . 2 6 .  O ' NOMOD C l a d o g r a m  f o r  t h e  r h y s s i n e  d a t a  s e t  
w i t h  m a l e  g a s t r a l  c h a r a c t e r s  a d d e d .
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(e) C h a r a c t e r  12 e n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s t u l a t e d  -  one in  taxon 72 and one in  taxon 73.

(f )  C h a r a c t e r  18 .2  e n t e r s  t h e  c l i q u e  i f  t h r e e  p a r a l l e l i s m s  a r e  
p o s t u l a t e d :  one i n  t a x a  13,  14,  15,  25 and 71;  one i n  t a x a  2 6 ,27  
and 28; and one i n  the  whole c lade  d e l i n e a t e d  by c h a r a c t e r  16.

(g) C h a r a c t e r  2 e n t e r s  the  c l i q u e  i f  2 p a r a l l e l i s m s  a re  p o s t u l a t e d .  
One in  taxon 67 and one in  taxa  35, 36, 37, 54, 57 and 78.

The r e s u l t i n g  h y p o t h e t i c a l  t r e e  i s  shown i n  f i g  6 . 2 7 .  S u b s e t  
ana ly s es  were,  as  b e f o r e ,  on ly  performed where t h e r e  were a t  l e a s t  
two s u p p o r t i n g  c h a r a c t e r s  f o r  a c l a d e .  T h is  meant  o n ly  one s u b s e t  
a n a l y s i s  ( l e a v i n g  ou t  t h e  M y l l e n y x i s  c l a d e  which  i s  t oo  s m a l l  f o r  
unambiguous r e s u l t s ,  see  above) f o r  a l l  the  t a x a  minus t ax a  1 -4 .  This 
a n a l y s i s  p la c e d  no new c h a r a c t e r s  i n  the  c l i q u e .

The f i n a l  t r e e  d i f f e r s  in  r e l a t i v e l y  sm al l  ways from the  "w i thou t  
g a s t e r  c h a r a c t e r s "  t r e e .  The p resence  of c h a r a c t e r s  1 and 41 p reven t  
s e v e r a l  g roup ings  which appeared  in  the  i n i t i a l  t r e e ,  from be ing  p a r t  
of t h i s  one.

The O'NOMOD t r e e  ( f i g  6 .2 8 )  shows one s t r i k i n g  d i f f e r e n c e  i n  
t o p o l o g y .  C h a r a c t e r  16 i s  n o t  i n  t h e  f i n a l  c l i q u e  and t h i s  l e a v e s  
M y l le n y x i s  s h a r i n g  no apomorphies with  the  " h ig h e r  r h y s s i n e s " , and 
M e g a rh y ssa  as  more apomorphic than  M y l le n y x i s .  Th is  has meant a swap 
i n  p o s i t i o n  f o r  t h e  two g roups ,  as compared w i th  the  LEQU a n a l y s i s .  
In o th e r  r e s p e c t s  the  a n a l y s i s  g ive s  s i m i l a r  "g roup ing  to  t h e  e a r l i e r  
ones i n  t h e  most  apomorphic  b r a n c h e s .  The h y p o t h e t i c a l  t r e e  i s  
c o n s t r u c t e d  as fo l lo w s :

(a)  C h a r a c t e r  30 e n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s t u l a t e d :  one i n  taxon 37 and one in  t axa  36, 57 and 78.

p a r a l l e l i s m s  a r e  p o s t u l a t e d  i n  c h a r a c t e r  4 1 :  i n  t a x o n  6 8 ;  a n d  i n
t h e  r e s t  o f  t h e  g r o u p  d e l i n e a t e d  by  c h a r a c t e r  4 1 .
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Key: ■ - apomorphy: 0 - parallelism: © - reversal; 16;i8f19,29,44-46749,75; "B7" - 22.^3,50,59,63, 66;17,38,39,42,52,53,58,61,62,77; "D7 A _ 21,38,39.
f t

f f

Fig 6.27. ,LEQU/PROB$ hypothetical tree for the rhyssin data set with male gastral characters added.
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(b) C h a r a c t e r  12 e n t e r s  t h e  c l i q u e  w i t h o u t  p a r a l l e l i s m s ,  b u t  
was thrown out  due to  one p a r a l l e l i s m  with  c h a r a c t e r  19.

(c)  C h a r a c t e r  19 e n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s t u l a t e d  in  taxon 73 and t ax a  41, 51 and 70.

(d) C h a r a c t e r  16 e n t e r s  t h e  c l i q u e  i f  two p a r a l l e l i s m s  a r e  
p o s t u l a t e d :  one i n  the  M y l le n y x i s  c l a d e  and one i n  the  o t h e r  "h igh e r  
rhyss ines" / .

(e)  C h a r a c t e r  39 e n t e r s  t h e  c l i q u e  w i t h o u t  h o m o p la s y  i f  two 
r e v e r s a l s  a r e  p o s t u l a t e d  i n  c h a r a c t e r  2: one i n  t a x o n  67 and one 
in  t axa  35, 36, 37, 54, 57 and 78.

T h i s  h y p o t h e t i c a l  t r e e  ( f i g  6 . 2 8 )  r e c o g n i s e s  t h e  same b a s i c  
g r o u p in g s  as t h e  " w i t h o u t  male g a s t e r "  t r e e s .  The d i f f e r e n c e  l i e s  
only  in  the  p o s i t i o n  of  M y l le n y x i s  w i th  r e s p e c t  t o  M e g a r h y s s a , and a 
few minor d i f f e r e n c e s  in  the  l e a s t  c e r t a i n  p a r t s  of  the  t r e e .

6 . 9 . 2 .  M e g a rh y ssa  -  p h y l o g e n e t i c  c o n c lu s io n s

The p o s s i b l e  r e s o l u t i o n  o f  t h e  p r o b l e m  o f  t h e  f o u r  o b t a i n e d  
t r e e s  f o r  r h y s s i n e  p h y l o g e n y  i s  d i s c u s s e d  b e l o w .  The m a i n  
i n t e r e s t i n g  r e s u l t  h e r e ,  how ever ,  i s  t h a t  c h a r a c t e r s  51 and 52 
a r e  shown as d e l i n e a t i n g  a h o l o p h y l e t i c  g r o u p ,  and t h a t  by d o in g  
so t h e y  c h a n g e  t h e  o v e r a l l  t o p o l o g y  o f  b o t h  c l a d o g r a m s  a n d  
h y p o t h e t i c a l  t r e e .  What c h a r a c t e r s ,  t h e n ,  do c h a r a c t e r s  51 and 
52 throw o u t  of  t h e  t r e e ?  And a r e  t h e s e  c h a r a c t e r s  r e a l l y  l e s s  
r e l i a b l e  and open to  homoplasy than  th e  male g a s t r a l  ones?

The two c h a r a c t e r s  thrown ou t  of the  c l i q u e s  a r e  c h a r a c t e r s  18.2  and 
34.  C h a r a c t e r  1 8 . 2  i s  a c h a r a c t e r  r e l a t i n g  t o  t h e  p a t t e r n  o f  
d i s t r i b u t i o n  of  t h e  r a d i a l  h a m u l i .  At f i r s t  s i g h t  t h i s  c h a r a c t e r  
seems t o  be v e r y  good -  t h e r e  seems t o  be a g r a d u a l  change  from 
having  the  hamuli  even ly  spaced ,  th rough  becoming c l u s t e r e d  l o o s e l y  
a t  t h e  b a s e ,  t o  h a v i n g  them o b v i o u s l y  g ro up ed  i n  tw o s ,  t h r e e s  o r  
f o u r s .  This o r i g i n a l  coding  s p l i t  M e g a rh y ssa  i n t o  two p a r a p h y l e t i c
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gro ups .  This  i s ,  however,  a common e v o lu t i o n a r y  sequence  amongst the  
Hymenoptera (Gauld & Bol ton ,  1988) and as such i s  a f a m i l i a r  example 
of a p o t e n t i a l l y  h o m o p l a s t i c  l o s s  c h a r a c t e r .  The se c o n d  c h a r a c t e r  
(34) r e l a t e s  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  g lymma.  Some 
M e g a rh y ssa  and R h y s s e l l a  s p e c i e s  seem to  have a v e s t i g e  of the  glymma 
r e m a i n i n g .  However,  i t  i s  a somewhat a r b i t r a r y  c h o i c e  of  d i v i d i n g  
l i n e  between p re s e n c e  and absence.

A g a i n s t  t h e s e  two c h a r a c t e r s  a r e  2 p r e s e n c e  c h a r a c t e r s  which 
d e l i n e a t e  groups showing b i o l o g i c a l  s i m i l a r i t i e s  -  as  f a r  as i s  known 
a l l  the  group a r e  p a r a s i t o i d s  of S i r i c o i d e a  (a l th o ug h ,  of c ou rs e ,  the  
h o s t s  of  t h e  t r o p i c a l  groups a re  unknown; b u t ,  as d i s c u s s e d  above,  
they  a re  u n l i k e l y  to  be woodwasps). These two c h a r a c t e r s  a r e  c l e a r l y  
more c o m p a t i b l e  w i th  t h e  d a t a  s e t  t h a n  t h e  o t h e r  two,  and seem on 
p u r e ly  m orpho log ica l  grounds to  be more a c c e p t a b l e .  However, the se  
c h a r a c t e r s  a r e  c l e a r l y  i n d i c a t i v e  of a p a r t i c u l a r  male mating system 
and would n o r m a l l y  be c o n s i d e r e d  h i g h l y  h o m o p l a s t i c .  H ere ,  t h e y  
appear  not  to  be ,  and i t  i s  c on ce iv ab le  t h a t  a p re -emergence  scramble 
c o m p e t i t i o n  system has evolved  on ly  once amongst t h e  r h y s s i n e s .  The 
p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  a re  d i s c u s s e d  in  s e c t i o n  6 . 1 1 , a f t e r  a 
f i n a l  t r e e  d i a g r a m  f o r  t h e  r h y s s i n e s  h a s  b e e n  c o n s t r u c t e d  and 
d i s c u s s e d .
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Key: ■ - apomorphy; 0 - parallelism; 0 - reversal "A7" = 33,34,55,56; "B7” = 30,31,60,68,69."C7" = 18,4252,62; ”D7" 
= 16,17,19,21-24,29,38,39,44-46,50,53,58,59,61,63,66,72, 75,77;

Fig. 6.28. O'NOMOD hypothetical tree for the rhyssine data set with male gastral characters added.
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6.10. Phyloqeny - overall conclusions

T h e r e  a r e  f o u r  t r e e s  w h i c h  r e s u l t  f r o m  t h e  a n a l y s i s  o f  t h e  
r h y s s i n e  d a t a  s e t .  Two o f  t h e s e  c o n s i s t  o n ly  o f  fem a le  and non-  
g a s t r a l  male c h a r a c t e r s ,  and two have g a s t r a l  c h a r a c t e r s  added .  
From t h i s  m ass  o f  c o n t r a d i c t o r y  c o n c l u s i o n s ,  c an  any  o v e r a l l  
p h y lo g e n e t i c  h y p o th e s i s  be c o n s t r u c t e d ?

The f i r s t  t h i n g  to  c o n s id e r  i s  what g roupings  a l l  fou r  t r e e s  have in  
common. These s i m i l a r i t i e s  a r e  l i s t e d  below:

(a) R h y ssa  ( t axa  1-4) i s  t ak e n  o f f  a t  the  f i r s t  b ranch  of a l l  the  
t r e e s  a s  t h e  l e a s t  a p o m o r p h i c  t a x a .  I t  i s  a l s o  d e f i n e d  as  a 
h o l o p h y l e t i c  g roup  by one au tapomorphy  ( t h e  p r e s e n c e  o f  g a s t r a l  
s t e r n i t e  t u b e r c l e s  a t  t h e  m i d l i n e  of  t h e  s t e r n i t e  m i d - l i n e  ( f i g  
6.1A).  The s e p a r a t i o n  of  t h i s  group from the  o t h e r  r h y s s i n e s  i s  the  
s t r o n g e s t  dichotomy of a l l .

(b) M y l l e n y x i s  ( t axa  40,  41,  51, 70, 79 and 80) i s  d e f in e d  in  a l l  
t r e e s  as a h o l o p h y l e t i c  g r o u p .  The p o s i t i o n  of  t h e  g ro u p  d i f f e r s  
between the  l a s t  two t r e e s ,  however.

(c) E p i r h y s s a  ( r e f e r r e d  t o  l a t e r  as t h e  s p e c i o s a  s p e c i e s - g r o u p :  
t a x a  3 2 -37 ,  5 4 - 5 7 ,  78) i s  d e f i n e d  in  a l l  t r e e s  (bu t  n o t  t h e  f i n a l  
PR0B$/LEQU cladogram) as a h o l o p h y l e t i c  group.

(d) T r ia n c y r a  ( t axa  30, 31, 60, 68,69,  74) i s  d e f in e d  i n  a l l  t r e e s  
(but not  t h e  f i n a l  PROBS/LEQU cladogram) as a h o l o p h y l e t i c  g roup .

(e) the  f l a v o p i c t u m  s p e c i e s - g r o u p  ( taxa  20, 43,  49) i s  d e f in e d  in  
a l l  cladograms and a l l  t r e e s .

(f) M e g a rh y ssa  and R h y s s e l l a  a r e  d e f in ed  as a h o l o p h y l e t i c  group 
t o g e t h e r .  The r e a so n s  f o r  t h i s  a r e  d i s c u s s e d  above.
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Beyond t h i s ,  t h e r e  a re  two main sources  of i n c o m p a t i b i l i t y  which 
make the  t r e e s  incong ruous .  These a re :

(a) The i n c o m p a t i b i l i t y  between c h a r a c t e r  16 (absence  of v e in  3rs-m 
in  the  f o re  wing) and c h a r a c t e r  42.2 (absence of s t e r n a l  ( o v i p o s i t o r )  
g u i d e s ) . The r e s o l u t i o n  of  t h i s  i n c o m p a t i b i l i t y  w i l l  d e c i d e  t h e  
p o s i t i o n  of M y l le n y x i s  i n  the  t r e e .  Other c h a r a c t e r s  t h a t  su p p o r t  the  
two competing c h a r a c t e r s  a re  as fo l lo w s :

(1) C h a r a c t e r s  1 8 .2  ( p r e s e n c e  of g rouped  r a d i a l  h a m u l i )  and 34 
( a b s e n c e  o f  a glymma) s u p p o r t  c h a r a c t e r  16 ,  i f  a t o t a l  o f  two 
p a r a l l e l i s m s  a re  acce p te d  i n  each .

(2) C h a r ac t e r  16 s u p p o r t s  c h a r a c t e r  42.2 i f  two p a r a l l e l i s m s  and 
two r e v e r s a l s  a re  p o s t u l a t e d .

So, c h a r a c t e r  4 2 .2  i s  s u p p o r t e d  by one o t h e r  c h a r a c t e r  which 
r e q u i r e s  4 s t a t e  changes to  e n t e r  the  c l i q u e ,  whi le  c h a r a c t e r  16 i s  
suppo r ted  by two c h a r a c t e r s  which r e q u i r e  3 s t a t e  changes each .  The
most  p a r s i m o n i o u s  s o l u t i o n  i s  t h e r e f o r e  t o  s u p p o r t  t h e  c l a d e
d e l i n e a t e d  by c h a r a c t e r  16.

In  a d d i t i o n  M y l l e n y x i s  i s  u n l i k e l y  to  be b o r i n g  t h r o u g h  wood. 
Although M e g a rh y ssa  s p e c i e s  have ingen ious  methods of i n c r e a s i n g  the  
e f f e c t i v e  l e n g th  of t h e i r  g a s t e r s ,  M y l le n y x i s  seems to  have on ly  a 
v e s t i g e  of the  a d a p t a t i o n s  a s s o c i a t e d  with  t h i s  (a h ig h ly  membranous 
r e g i o n  be tw een  g a s t r a l  t e r g i t e s  5 and 6 , s e e  c h a p t e r  5) and t h e
o v i p o s i t o r  i s  s o m e t i m e s  t h r e e  t i m e s  a s  l o n g  a s  t h e  bod y  ( i n
M y l le n y x i s  l o n g i t e r e b r a , f o r  example) .  Also,  the  a p i c a l  r e g io n  of th e  
o v i p o s i t o r  i s  s i n u a t e ,  so t h a t  a M y l le n y x i s  s p e c i e s  would n o t  be a b le  
to  o v i p o s i t  as  o th e r  r h y s s i n e s  do,  as the  e f f e c t  would be l i k e  t r y i n g  
to  d r i l l  t h r o u g h  wood w i t h  an im m o b i l i s e d  c o r k s c r e w .  I t  i s  more 
l i k e l y  t h a t  M y l l e n y x i s  i s  o v i p o s i t i n g  i n  a manner s i m i l a r  t o  t h a t  
d e s c r i b e d  by van A c h t e r b e r g  (1986) f o r  a b r a c o n i n e  b r a c o n i d .  As a 
i lon-borer  the  s p e c i e s  would have no s t e r n a l  gu ides  ( the  a p p a r e n t l y  
p l e s i o m o r p h i c  s t a t e  o f  c h a r a c t e r  4 2 .2 )  -  and t h i s  i s  t h e  s o r t  of
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a b s e n c e  c h a r a c t e r  w h ich  i s  a lw a y s  d i f f i c u l t  t o  r e c o g n i s e  as  
apomorphic  o r  p l e s i o m o r p h i c .  The a l t e r n a t i v e  c h a r a c t e r ,  which 
inv o lv e s  the  l o s s  of a v e in ,  i s  c l e a r l y  an apomorphic c o n d i t i o n  even 
i f  i t  has been i d e n t i f i e d  as hom oplas t ic  in  o th e r  ichneumonid groups 
(see c h a p te r  3 ) .

A d d i t i o n a l l y ,  t h e  w oo d-bo r in g  h a b i t  a p p e a r s  t o  be p r i m i t i v e  i n  
r h y s s i n e s .  The o u tg r o u p  of t h e  h i g h e r  r h y s s i n e s  ( t h o s e  d e f i n e d  by 
c h a r a c t e r s  33, 31 .1 ,  14 and 18.1)  i s  c l e a r l y  R h y s s a ,  and t h i s  taxon 
i s  a w o o d - b o r e r .  Any l o s s  of  t h e  s p e c i a l i s a t i o n s  a s s o c i a t e d  w i th  
wood-boring then  become apomorphic,  and so the  l o s s  of t h e  s t e r n a l  
t u b e r c l e s  would be apomorphic. This i s ,  of c o u r s e ,  no t  s t r i c t l y  an 
o u t -g ro up  comparison a t  a l l ,  and would not  be enough to  j u s t i f y  the  
group ing  w i thou t  su p p o r t in g  c h a r a c t e r s .

O v e r a l l ,  c h a r a c t e r  16, suppor ted  by c h a r a c t e r s  18.2  and 34,  i s  a 
s t r o n g e r  c h a r a c t e r  t h a n  c h a r a c t e r  4 2 . 2 ,  which may be p o l a r i s e d  
i n c o r r e c t l y .  C h a r a c t e r  42 .2  i s  p l a c e d  as  d o u b le  apo m o rp h ic  i n  t h e  
M y l l e n y x i s  c l a d e ,  and M y l l e n y x i s  i s  p l a c e d  as t h e  most  d e r i v e d  
r h y s s i n e .

15.11
(b) C h a r a c t e r s / 2 5 . 2  and c h a r a c t e r  41 /1 .  C h a r ac t e r  1 i s  a very  odd 

c h a r a c t e r .  I t  was o r i g i n a l l y  coded a s :  a b s e n c e  o f  o c c i p i t a l  c a r i n a , 
a p o m o rp h ic ;  p r e s e n c e  o f  o c c i p i t a l  c a r i n a , p l e s i o m o r p h i c .  However, in  
a l l  th e  a n a ly s e s  t h i s  c h a r a c t e r  was s t r o n g l y  p o l a r  i n c o m p a t i b l e .  This  
i s  b e c a u s e  o n l y  a s m a l l  number o f  I n d o - A u s t r a l i a n  s p e c i e s  have  a 
c o m p le te  o c c i p i t a l  c a r i n a .  The r e v e r s a l  o f  t h e  p o l a r i t y  makes t h e  
c h a r a c t e r  e n t e r  one c l i q u e  ( the  "with  male g a s t e r  d a t a "  LEQU c l i q u e ,  
f i g  6.27) but  only  i f  6 p a r a l l e l i s m s  a re  p o s t u l a t e d .  Because of i t s  
h igh  homoplasy and i t s  u n c e r t a i n  p o l a r i t y ,  i t  i s  r e j e c t e d  from the  
f i n a l  t r e e .  C h a r ac t e r  41 can be made com pa t ib le  w i th  c h a r a c t e r s  25.1 
and 25.2 by p o s t u l a t i n g  two a d d i t i o n a l  p a r a l l e l i s m s  i n  t axon  18, and 
taxon 68 . The r e s u l t i n g  combined t r e e  diagram i s  shown i n  f i g  6 .29 .

The f i n a l  g roup ings  a t  the  most d e r iv e d  branches  of  t h e  t r e e  a r e  to  
be c o n s i d e r e d  v e r y  u n c e r t a i n .  However, t h e  t r e e  can  s t a n d  as a 
h y p o th e s i s  which w i l l  be modif ied  as more c h a r a c t e r s  from immature
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1-4
13,14
5,25,71

8-12
5-7

26,27,28

32
33-4,55-6
37
54
35
36,57,78
68
"A9"
74
"B9h
43
20,49
67
42,52,62
18
73
41,51,70
72
40,79,8T
48,64,6
"C9"
24

Key: ■ 30,31, ,50,59
- apomorjphy; 60,69; ”̂ 9 ^,63,66,75; "C9"

- parallelism;- © - reversal; "A9'16,18,19,20,22,23,29,44,45,46,49 17,21,38,39,53,58,61,77;
Table 6.29. Final combined hypothetical tree for rhyssine data set.
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s t a g e s  and i n t e r n a l  anatomy a re  d i s c o v e r e d .  O v e r a l l ,  though,  i t  w i l l  
p ro bab ly  be t h e  b i o l o g i c a l  c h a r a c t e r s  t h a t  w i l l  t u r n  out  t o  be the  
most im p or tan t  c lu e s  to  the  e v o lu t i o n a r y  r e l a t i o n s h i p s  of t h e  group.  
As more d a t a  a r e  c o l l e c t e d  i t  w i l l  be i n t e r e s t i n g  t o  s e e  how f a r  
t h e s e  tenuous g roup ings  have s o l i d  b i o l o g i c a l  f o u n d a t i o n s .

6 . 1 0 . 1 .  Comments on the  f i n a l  t r e e

The cladograms and t r e e s  above show t h a t  the  r e l a t i o n s h i p s  w i th in  the  
r h y s s i n e s  a r e  u n c l e a r ,  e s p e c i a l l y  w i t h i n  t h e  r e l a t i v e l y  d i v e r s e  
t r o p i c a l  r a i n f o r e s t  s p e c i e s .  However, from j u s t  a c o n s i d e r a t i o n  of 
t h e  e v o l u t i o n  o f  m o r p h o l o g i c a l  c h a r a c t e r s ,  some g r o u p i n g s  and 
e v o l u t i o n a r y  r e l a t i o n s h i p s  can be p o s t u l a t e d .  In  th e  d i s c u s s i o n  below 
where a g roup ing  c o in c id e s  with  a p r e s e n t l y  a c ce p te d  (Townes, 1969; 
Kamath & G up ta ,  1971) one i t  i s  r e f e r r e d  t o  by name. In  a d d i t i o n ,  
g roups  t h a t  do n o t  a p p e a r  as n a t u r a l  a r e  d i s c u s s e d  when t h e y  have 
been g iv e n  t ax o n o m ic  s i g n i f i c a n c e  i n  t h e  p a s t .  I t  i s  t h e  combined 
t r e e  ( f i g  6 .2 9 )  t h a t  i s  r e f e r r e d  to  th roughout  t h i s  d i s c u s s i o n .

(a) the  R h y s s a - group .  This t axa  i s  c l e a r l y  marked o f f  as t h e  most 
p r i m i t i v e  member of the  sub fam i ly .  I t  has a s i n g l e  autapomorphy ( the  
p o s i t i o n  o f  t h e  s t e r n i t e  2 -4  t u b e r c l e s )  b u t  i s  so  d i f f e r e n t  
m o r p h o l o g i c a l l y  from t h e  r e s t  o f  t h e  r h y s s i n e s  t h a t  i-t m e r i t s  i t s  
p r e s e n t  g e n e r i c  s t a t u s .  The b i o l o g i c a l ,  b i o g e o g r a p h i c a l  and  
b e h a v i o u r a l  p e c u l i a r i t i e s  a s s o c i a t e d  w i th  i t s  u n d e r i v e d  s t a t e  a r e  
d i s c u s s e d  l a t e r  i n  t h i s  c h a p t e r .

(b) the  genus  M e g a rh y s sa . The g a s t r a l  m o d i f i c a t i o n s  a s s o c i a t e d  with  
t h i s  group have been shown to  be com pat ib le  w i t h i n  a l l  t h e  c l i q u e s  
produced .  The c o n c lu s io n  t h a t  must be reached-;—t h e r e f o r e ,  i s  t h a t  the  
group i s  h o l o p h y l e t i c .  The consequences of t h i s  a r e  d i s c u s s e d  below.

(c) R h y s s e l l a .  The s p e c i e s  p laced  a t  p r e s e n t  i n  t h i s  genus a r e  not  
e a s i l y  d i s t i n g u i s h a b l e  from M e g a r h y s s a ,  even  i f  male abd o m ina l  
s t r u c t u r e s  a r e  c o n s i d e r e d .  I t  h as  a l r e a d y  been  shown t h a t  t h e  
r e l a t i v e  r e d u c t i o n  i n  s p e c i a l i s a t i o n  of the  g a s t e r  i s  due to  a s i z e -
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r e l a t e d  shape  change which a p p l i e s  both i n t e r -  and i n t r a - s p e c i f i c a l l y . 
Townes (1969) as much as s a y s  t h i s  when he comments i n  t h e  key t o  
p im p l in e  g e n e r a :  " a b n o r m a l l y  s m a l l  males  (of  M e g a r h y s s a ) have  t h e  
c h a r a c t e r s  s t a t e d  f o r  R h y s s e l l a " . T h is  genus can c o n f i d e n t l y  be 
p laced  w i t h i n  M e g a rh y ssa . I t  seems t h a t  R h y s s e l l a  s p e c i e s  a r e  j u s t  
small  M e g a rh y ssa  s p e c i e s  s p e c i a l i s e d  f o r  a s l i g h t l y  d i f f e r e n t  h o s t  -  
x ip h y d r i i d  s i r i c o i d s  r a t h e r  than  s i r i c i d  s i r i c o i d s .  The d i f f e r e n c e s  
between the  two groups may indeed  be only  a consequence of the  f a c t  
t h a t  x ip h y d r i i d s  a re  g e n e r a l l y  sm a l l e r  than s i r i c i d s .

(d) L y t a r m e s .  T h is  genus  i s  s u p p o r t e d  by i t s  p r e s e n t l y  a c c e p t e d  
unique c h a r a c t e r  ( the  gena l  c a r i n a  reach ing  the  o c c i p i t a l  c a r i n a  nea r  
the  base  of  t h e  m a n d ib le ,  s e e  t a b l e  6 . 1 ) ,  i f  one s p e c i e s  i n  t h e  
p r e s e n t l y  r e c og n is ed  genus C y r to r h y s s a  i s  inc luded  i n  i t ,  and w i th  
t h e  a c c e p t a n c e  o f  one  p a r a l l e l  a c q u i s i t i o n  i n  a N e o t r o p i c a l  
E p i r h y s s a  s p e c i e s .  I t  i s  c l e a r l y  s e p a r a t e d  from M e g a r h y s s a  by i t s  
g a s t r a l  morphology,  and presumably  by d i f f e r e n c e s  in  mating systems 
( L y ta rm e s  s p e c i e s  p robab ly  a l l  have female defence  s y s t e m s ) .

(e) C y r to r h y s s a .  As commented above,  one s p e c i e s  ( C. m e so p h y r ra )  of 
t h i s  genus  i s  b e s t  p l a c e d  w i t h i n  L y ta r m e s ,  w h i l e  t h e  o t h e r  ( C. 
m u e l l e r i ,  which has not  been seen dur ing  t h i s  s tudy)  a p p e a r s ,  from 
th e  d e s c r i p t i o n  t o  be a r a t h e r  a b e r r a n t  E p i r h y s s a  s p e c i e s .  I t  i s  
c l e a r l y  not  a h o l o p h y l e t i c  genus.

(f) The E p ir h y s s a - g r o n p .  The cladograms and t r e e s  i n d i c a t e  t h a t  a 
l a r g e  number ( indeed a g r e a t  m a jo r i ty )  of r h y s s i n e  s p e c i e s  come out  
in  a r a t h e r  homogeneous, p o o r ly  d e f in ed  grouping  a t  the  to p  of the  
t r e e .  These  a r e  a l l  medium s i z e d  i n s e c t s  a s s o c i a t e d  w i t h  t r o p i c a l  
r a i n f o r e s t s ,  a l t h o u g h  d e t a i l s  of  t h e i r  b i o l o g y  a r e  unknown ( s e e  
c h a p t e r  5 ) .  W i th in  t h i s  g r o u p in g  M y l l e n y x i s  i s  o b v i o u s l y  r a t h e r  
d i s t a n t  from the  presumed a n c e s t r a l  form. The d i f f i c u l t y  which has 
been encoun te red  in  a n a ly s in g  r e l a t i o n s h i p s  i s  not  o n ly  due t o  t h e  
r a t h e r  u n v a r y i n g  s t r u c t u r e s  i n  t h e  a n i m a l s ,  b u t  a l s o  t o  t h e  h ig h  
l e v e l s  of homoplasy (as i n d i c a t e d  by the  d i f f e r e n c e s  between t h e  f o u r  
t r e e s ) . Th is  combinat ion ,  of s i n g l e  apomorphies and h igh  homoplasy,  
has l ed  t o  u n c e r t a i n t y  about r e l a t i o n s h i p s  which s u g g e s t s  s t r o n g l y
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t h a t  a l l  t h e s e  s p e c i e s  a r e  very  c lo s e  t o  each o t h e r .  I t  i s  proposed  
t h a t  the  s p e c i e s  p r e s e n t l y  in  S y c h n o s tig m a , E p i r h y s s a ,  T r ia n c y r a  and 
p a r t  of  C y r t o r h y s s a  s h o u l d  be synonym ised  und e r  E p i r h y s s a  (a s  t h e  
o l d e s t  name) . W i t h i n  t h i s  g r o u p  a number o f  s u b g r o u p s  can  be 
r e c o g n i s e d ,  and the se  a re  d i s c u s s e d  below. However, none of them seem 
s t r o n g l y  enough d e f i n e d  t o  w a r r a n t  a s e p a r a t e  g e n e r i c  s t a t u s .  The 
p r e s e n t l y  r e c o g n i s e d  g e n e r a  w i t h i n  t h i s  g roup  a r e  o n l y  as  w e l l  
d e f i n e d  a s  t h e  o t h e r  s u b g r o u p s  t h a t  have  n e v e r  been  g iv e n  g e n e r i c  
s t a t u s .  I n d e e d ,  u s in g  t h e  e x i s t i n g  l i m i t s  f o r  g e n e r a ,  e a c h  of  t h e  
d e s c r i b e d  s u b g ro u p s  would have  t o  be r a i s e d  t o  g e n e r i c  l e v e l .  For  
example ,  t h e  genus  E p i r h y s s a  i s  d e f i n e d  by one a u tapom orphy  which 
seems to  be l e s s  s t a b l e  than  the  ep icnem ia l  c h a r a c t e r  which i s  used 
to  c h a r a c t e r i s e  the  f l a v o p i c t u m  s p e c i e s - g r o u p ;  i t  seems to  be only  
the  b i o g e o g r a p h i c a l  s e p a r a t i o n  of  t h e  N e o t r o p i c a l  f a u n a  from t h e  
P a l a e o t r o p i c  one t h a t  has l e d  to  i t s  d e s c r i p t i o n  as a s e p a r a t e  genus.  
As the  s p e c i e s - g r o u p s  a re  so p o o r ly  d e f in e d  i t  seems b e s t  to  keep the  
whole group ,  except  M y l l e n y x i s , t o g e t h e r  In  a presumably  p a r a p h y l e t i c  
genus E p i r h y s s a , r a t h e r  than  r a i s i n g  th e  s p e c i e s - g r o u p s  to  g e n e r i c  
l e v e l .  Wi th in  t h i s  genus t h e  fo l lo w in g  g roup ings  a r e  r e c o g n i s e d :

( i )  The s p e c i o s a  s p e c i e s - g r o u p  ( the  genus E p ir h y s s a  sensu  P o r t e r  1978) . 
The N e o t r o p i c a l  r h y s s i n e s  a r e  s e p a r a t e d  on the  s t r u c t u r e  of the  1 s t  
c e r g i t e  of the  g a s t e r ,  but  not  by th e  o t h e r  c h a r a c t e r s  used i n  the  
p a s t  ( s ee  t a b l e  6 .1 ,  Townes, 1969;  P o r t e r ,  1 9 7 8 ) .  The g roup  i s  
p o s s i b l y  p a r a p h y l e t i c .  I t  i s  undoubted ly  an u n d e r c o l l e c t e d  group ( f o r  
example,  i n  the  r a t h e r  r h y s s i n e  d ep a up e ra te  d ry  t r o p i c a l  f o r e s t s  of 
Costa R ica ,  Ian  Gauld (pers  comm.) has  c o l l e c t e d  4 new s p e c i e s ,  more 
th a n  d o u b l i n g  t h e  t o t a l  number of  s p e c i e s ) . When a w id e r  r a n g e  of  
spec im ens  i s  c o l l e c t e d  i t  may be t h a t  t h e  d e f i n i n g  c h a r a c t e r  w i l l  
t u r n  out  t o  be an a r t i f i c i a l  autapomorphy based  on a sampl ing  e r r o r .  
P o r t e r  (1978) has s p l i t  t h e  genus up i n t o  s p e c i e s  g roups ,  bu t  t h e s e  
groups a re  no t  c l e a r l y  d e l i n e a t e d  in  t h e  a n a l y s i s .

( i i )  The s c a b r a  s p e c i e s - g r o u p  ( T r ia n c y r a  sensu  Kamath & Gupta, 1972).
This  group seems t o  be somewhat b e t t e r  c h a r a c t e r i s e d :  by th e  p re se n c e
of a c l e a r l y  much wider lower than  upper t o o th  to  t h e  mandib le ,  iswhichj^ g e n e r i c  c h a r a c t e r s  i n  t a b l e  6 . 1 .  The o t h e r  two
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c h a r a c t e r s  mentioned in  t a b l e  6 .1  do not  come out  in  the  a n a l y s i s .  I t  
was d i s c o v e r ed  t h a t  a g roup ing  of 3 hamuli  as found i n  t h i s  group i s  
o f t e n  p r e s e n t  i n  s p e c i e s  o f  M e g a r h y s s a  and some s p e c i e s  of  t h e  
s p e c i o s a  s p e c i e s - g r o u p  -  f o r  t h i s  reason  i t  d id  not  d e f i n e  T r ia n c y r a  
in  the  a n a l y s i s .  A d d i t i o n a l l y  the  p resence  of r a i s e d  f r o n t a l  o r b i t s  
d id  no t  come ou t  as an a u t a p o m o r p h y , and so  does  n o t  d e f i n e  t h e  
g ro u p .  The g roup  i s  a l s o  d e f i n e d  by t h e  p r e s e n c e  o f  f l a t  rounded  
t u b e r c l e s  on s t e r n i t e  1 of t h e  g a s t e r  of both  sexes  ( c h a r a c t e r  4 0 . 2 ) ,  
i f  S y c h n o s tig m a  j a p o n i c a  ( taxon 74) i s  i nc lud e d  with  i t .

( i i i )  The f l a v o p i c t u m  s p e c i e s - g r o u p  ( p a r t  of  S y c h n o s t ig m a  s e n su  
Kamath & Gupta, 1972).  Def ined as having an ep icnem ia l  c a r i n a  which 
i s  r e f l e x e d  o n to  t h e  a n t e r i o r  edge of  t h e  m e s o p l e u r o n .  W i th in  t h e  
a n a l y s i s  S y c h n o s t ig m a  f l a v o p i c t u m ,  S . a tr u m  and S .  c in c tu m  a l l  
be long  w i th in  t h i s  group .  In Kamath & Gupta (1971) S . m a so n i and S . 
p e r s ic u u m  would a l s o  seem to  belong  h e r e ,  bu t  the  former has not  been 
seen and th e  l a t t e r  ( the  h o lo ty p e  being  i n  the  BMNH) does no t  appear 
to  have a r e f l e x e d  ep icnem ia l  c a r i n a ,  and so has not  been i n c lu d e d  i n  
the  group.

( iv)  The b im a c u la tu m  s p e c i e s - g r o u p ,  c h a r a c t e r i s e d  by hav ing  a c l e f t  
in  t h e  s u b t e g u l a r  t u b e r c l e .  T h i s  d e l i n e a t e s  S . b im a c u la tu m ,  S .  
p u m ilu m  and t h e  u n d e s c r i b e d  s p e c i e s  t a x o n  43 .  T h i s  g ro u p  may be 
c lo s e  t o  t h e  c r u c ia tu m  s p e c i e s  group.

(v) The c r u c ia tu m  s p e c i e s - g r o u p .  This i s  c h a r a c t e r i s e d  by hav ing  a 
rounded h o le  in  t h e  s u b t e g u l a r  t u b e r c l e .  The s p e c i e s  i n  t h i s  group 
a re  S . c r u c ia tu m , S . k e r r i c h i ,  and S . b in a r iu m . This  subgroup  may be 
p a r t  of the  f l a v o b a l t e a t u m  s p e c i e s  group.

O t h e r  s p e c i e s  w h i c h  h a v e  n o t  b e e n  s t u d i e d  b u t  w h i c h  f r o m  
d e s c r i p t i o n s  seem to  be long  e i t h e r  in  the  b im a c u la tu m  s p e c i e s - g r o u p  
or t h e  c r u c i a t u m  s p e c i e s - g r o u p  a r e  S .  s i m i l e ,  S .  m a s o n i ,  S .  
o r i e n t a l e ,  S . s a r a w a k e n s e  and S . c o n fr a c tu m ,  a l though  i t  i s  n o t  c l e a r  
from the  d e s c r i p t i o n  how t h e i r  s u b t e g u l a r  t u b e r c l e s  a r e  deve loped ,  so 
they  cannot be c o n f i d e n t l y  p la c e d  i n  e i t h e r  g roup .  Al though ,  t h e r e  i s  
a c l e a r  m o r p h o l o g i c a l  d i f f e r e n c e  b e t w e e n  t h e  c r u c i a t u m  a n d
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b im a c u la tu m  s p e c i e s - g r o u p s ,  they  a re  p robab ly  very  c l o s e .

Note:  the  s p e c i e s  r e f e r r e d  to  and keyed by Kamath and Gupta (1971) 
as c r u c ia tu m  i s  not  c o n s p e c i f i c  with  the  h o lo ty pe  in  the  BMNH. The 
s p e c i e s  r e p r e s e n t e d  by t h e  h o l o t y p e  c l e a r l y  b e l o n g s  i n  t h e  above 
s p e c i e s  g roup ,  and be ing  the  s e n io r  name w i th in  the  group has been 
chosen f o r  t h e  in fo rm a l  taxonomic g roup ing .  Kamath & G u p ta ' s  c r u c ia tu m  
i s  d e a l t  w i t h  as  a s e p a r a t e  OTU (no.  61) , and i t  does  n o t  have a 
hollowed s u b t e g u l a r  t u b e r c l e .

(v i )  The f l a v o b a l t e a t u m  s p e c i e s - g r o u p  ( p a r t  of  S y c h n o s t ig m a  s e n s u  
Kamath & Gupta,  1972).  This group i s  d e f in e d  by the  g a s t r a l  t e r g i t e s
3-5 h a v in g  l a t e r a l  d e p r e s s i o n s  and a submedian  l a t e r a l  humps on 
g a s t r a l  t e r g i t e s  4 and 5.  t h e  s p e c i e s  w i t h i n  t h e  s t u d y  g roup  
be long ing  h e r e  a re  S . b i r o i ,  5. m alayanum , S . p e r s p ic u u m , S . v a lid u m ,  
S . s i l v a t i c u m , S . m a c u l i c e p s ,  S . f l a v o b a l t e a t u m , and two u n d esc r ibed  
s p e c i e s :  t a x a  46 and 50.

( v i i i )  This  g rouping  c o n s i s t s  of the  m a j o r i t y  of  t h e  r e s t  of the  
E p ir h y s s a - g r o u p , and i t  has not  been a ss igned  a s p e c i e s - g r o u p  name, 
as i t  i s  a p a r a p h y l e t i c  g roup ing .  I t  i s  a very  homogenous group ,  but  
i t s  only  p o s s i b l e  autapomorphy i s  the  r a t h e r  p o l i s h e d  im punc ta te  to  
s l i g h t l y  p u n c t a t e  propodeum. I t  i s  analogous  to  the  p o l y s p h i n c t i n e  
genus A c r o t a p h u s  f rom which H y m e n o e p im e c is  h as  been  d e r i v e d ,  b u t  
which in  i t s e l f  has no autapomorphies  (Gauld,  p e r s  comm; c f .  s e c t i o n  
3 . 8 . 3 ) .

(g) M y l l e n y x i s .  T h is  p r e s e n t l y  r e c o g n i s e d  genus  i s  c l e a r l y  a 
h o l o p h y l e t i c  g ro u p  and t h e  most  d i v e r g e n t  from t h e  g e n e r a l i s e d  
r h y s s in e  g ro u n d - p la n .  I t s  g e n e r i c  s t a t u s  i s  j u s t i f i e d .
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6 . 1 1 .  P o s s i b l e  e x p l a n a t i o n s  f o r  t h e  ta x o n o m ic  d i s t r i b u t i o n
o f q a ster  shape

Now t h a t  some o f  t h e  p h y l o g e n e t i c  r e l a t i o n s h i p s  w i t h i n  «.he 
r h y s s i n e s  have been i n v e s t i g a t e d ,  the  problem posed e a r l i e r  can be 
a t t e n d e d  t o .  That  problem was concerned wi th  the  c o n c e n t r a t i o n  of  one 
mating system and a s s o c i a t e d  abdominal  a d a p t a t i o n s  w i t h i n  a s i n g l e  
h o l o p h y l e t i c  g roup :  M e g a rh y ssa  i n c l u d i n g  R h y s s e l l a . In  t h i s  s e c t i o n  
th e  p o s s i b l e  e x p l a n a t i o n s  a r e  d i s c u s s e d ,  and c o n s i d e r a t i o n  i s  g iven  
t o  the  b i o l o g i c a l  s i g n i f i c a n c e  of "dwarf  m ales" .  There a r e  f o u r  main 
p o s s i b i l i t i e s :

6 .1 1 .1 .  S ize  fa c to r s

Only* s p e c i e s  w ith  l a r g e  males may be showing p re -emergence  scramble  
c o m p e t i t i o n .  This  would be due to  the  s imple  p h y s i c a l  c o n s t r a i n t s  of  
sm al l  s i z e ;  an sm al l  i n d i v i d u a l  would not  be ab le  t o  r e a c h  down to  an 
em erg ing  f e m a l e .  I f  t h i s  were t h e  c a s e  th e n  a l l  s m a l l  r h y s s i n e  
s p e c i e s  would have s h o r t  s t o u t  abdomens, and a l l  l a r g e  s p e c i e s  would 
have long  t h i n  abdomens. Although M e g a rh y ssa  s p e c i e s  a r e  o f t e n  l a r g e ,  
t h e  pooled  p l o t  of  fo re -w ing  l e n g th  v e r su s  g a s t r a l  shape ( f i g  6 . 2 3 0  
shows s e v e r a l  l a r g e  s p e c i e s  w i t h  s t o u t  g a s t e r s .  In  any c a s e ,  t h e  
a b i l i t y  of  a male to  reach  down i n t o  an e g r e s s  t u n n e l  does not  j u s t  
depend on h i s  body s i z e ,  but  a l s o  on the  body s i z e  of  the  emerging 
fem a le .  A sm al l  male cou ld  in sem in a te  a smal l  female and R h y s s e l l a , 
as a r e l a t i v e l y  s m a l l  s p e c i e s  w i th  r e l a t i v e l y  s m a l l  l a r g e s t  m a les  
, b ea r s  t h i s  out  -  i t  s t i l l  shows a scramble  c o m p e t i t i o n  system.

6 .1 1 .2 .  Intruder male numbers

The c l e a r e s t  e x p l a n a t i o n  o f  t h e  d i f f e r e n c e s  o b s e r v e d  i n  t h e s e  
polygynous mating systems r e l a t e  to  the  number of competing males a t  
an emergence s i t e  ( i n t r u d e r  m a le s  se e  T h o r n h i l l  & Alcock,  1983).  I f  
the  females a r e  e a s i l y  l o c a t a b l e  but  p a t c h i l y  d i s t r i b u t e d  in  space  
(O r ians ,  1969) then  the  fo l low ing  ought to  app ly:
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(a)  i n t r u d e r  male  numbers  h i g h ,  t h e r e f o r e  o p e r a t i o n a l  s e x  r a t i o  
h i g h .  Large males unab le  to  monopolise  emerging fem a le s .  Males r a c e  
to  be f i r s t  t o  an em erg ing  f e m a l e .  S c r a m b le  c o m p e t i t i o n  s y s t e m . 
(Emlen & Oring ,  1977; T h o r n h i l l  & Alcock,  1983)

(b) i n t r u d e r  male  numbers low.  La rge  m a les  a b l e  t o  monopol i se ,  
emerging  fem a les .  Males guard  emergence s i t e s .  F em a le  d e f e n c e  s y s t e m  
( T h o r n h i l l  & Alcock ,  1983).

T h i s  may t i e  i n  w i t h  some e c o l o g i c a l  f a c t o r s  r e l a t i n g  t o  t h e  
d i f f e r e n c e s  between tem pera te  and t r o p i c a l  ecosys tems.  In  the  t r o p i c s  
c o n s p e c i f i c  h o s t  t r e e  s p e c i e s  a r e  p r e s e n t  a t  v e r y  low d e n s i t i e s  
(Whitmore 1975),  and t h e r e f o r e  a r h y s s i n e ' s  h o s t s  (assuming* they  a r e  
h o s t  s p e c i f i c  o r  o l igophy tophagous)  w i l l  be a t  low d e n s i t i e s .  This  
i m p l i e s  t h a t  b o t h  m a l e s  and  f e m a l e  r h y s s i n e s  w i l l  be a t  low 
o p e r a t i o n a l  f r e q u e n c i e s ,  a s s u m i n g ,  as  was f o u n d  i n  M e g a r h y s s a  
(H eatwole  & D a v i e s ,  1965) t h a t  t h e  s p e c i e s  have  a r o u g h l y  d e f i n e d  
home ra n ge .  As so few males a r e  about w i th in  the  s p e c i f i c  home range  
of any i n d i v i d u a l  m a le ,  i t  w i l l  be p o s s i b l e  t o  d e f e n d  each  fe m a le  
emergence,  w i thou t  being  swamped by i n t r u d e r s .

In  th e  tem pera te  r e g io n s ,  t r e e s  a re  f a r  more o f t e n  d i s t r i b u t e d  as 
m onospec i f ic  s t a n d s .  Rhyssine  h o s t s  a r e  t h e r e f o r e  much more clumped 
i n  d i s t r i b u t i o n  and so  w i l l  be r h y s s i n e  p a r a s i t o i d s .  In  a d d i t i o n ,  
t em pera te  r e g io n s  a r e  s t r o n g l y  s e a s o n a l ,  meaning t h a t  a l l  emergences 
w i l l  be c o n c e n t r a t e d  over a f a i r l y  s h o r t  p e r io d ,  a n n u a l l y ,  and male 
and female p a r a s i t o i d s  w i l l  be a t  h ig h e r  d e n s i t i e s  over t h a t  p e r i o d .  
T h is  s h o u l d  mean t h a t  i n t r u d e r  male numbers a r e  g r e a t e r  t h a n  i n  
t r o p i c a l  r e g i o n s  ( a l t h o u g h  t h i s  o v e r s i m p l i f i e s  t h e  s i t u a t i o n  i n  
t r o p i c a l  e c o s y s t e m s  somewhat;  where t h e r e  may be a h i g h l y  complex 
s e a s o n a l i t y  i n  a r th r o p o d  numbers (Maclure,  1978)) .  The o b s e r v a t i o n s  
made on L y ta r m e s  m a c u l i p e n n i s ,  however ,  showed an i n t r u d e r  male 
number o n ly  a l i t t l e  u nder  t h e  a v e r a g e  f o r  t h e  t h r e e  s y m p a t r i c  
American M e g a rh y ssa  s p e c i e s  ( L y ta r m e s  numbers, 4 -6 ;  average  number 
from Crankshaw & Matthews (1981) f o r  M e g a r h y s s a ,  6 . 6 ) .  From one 
o b s e r v a t i o n  i t  i s  n o t  p o s s i b l e  t o  j u d g e  w he the r  t h i s  i s  a u s u a l
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The p re sence  of s i n g l e  s p e c i e s  s t a n d s  and s e a s o n a l  peaks in  numbers 
of  em erg ing  a d u l t s  may l e a d  t o  t h e  p r e s e n c e  o f  l a r g e  numbers of  
i n t r u d e r  males-. The i m p o r t a n t  t h i n g  h e r e  may n o t  be t h e  number of  
i n t r u d e r  males a t  any one s i t e  but  the  t ime f a c t o r .  I f  females a r e  
emerging over  a long  p e r io d  of  time and a r e  ve ry  p a t c h i l y  d i s t r i b u t e d  
then  i t  may pay a male to  c o n c e n t r a t e  on one p a r t i c u l a r  log  and guard 
t h a t ,  as  (a) t h e r e  w i l l  be r e l a t i v e l y  few i n t r u d e r  males about a t  any 
one t im e;  and,  (b) s e a r c h i n g  f o r  ano the r  source  of  emerging females 
w i l l  be u n p r o f i t a b l e ,  as t h e  t r a n s i t  t imes  may become uneconomical .

I f  t h i s  i s  the  case  then  t h e r e  should  be a c l e a r  p a r t i t i o n i n g  of 
mating systems between tem pera te  and t r o p i c a l  zones .  F ig  6.30 shows 
the  d i s t r i b u t i o n s  of  g a s t r a l  shapes in  the  two zones .  This i s  based 
upon measurements of the  l a r g e s t  males of each s p e c i e s  as they  w i l l  
be t h e  sp ec im en s  which show th e  s i z e - r e l a t e d  s h a p e  changes  most  
c l e a r l y .  I t  can be seen  t h a t  t h e r e  i s  some tendency f o r  the  tempera te  
r e g io n  s p e c i e s  to  have lon g er  and t h in n e r  g a s t e r s  than  t r o p i c a l  ones .  
However,  t h e r e  a r e  some p rob lem s  w i th  t h i s  i n t e r p r e t a t i o n .  F i r s t ,  
R h y s s a  s p e c i e s  do n o t  h a v e  l o n g  t h i n  g a s t e r s ,  a n d  t h e y  a r e  
p redom inan t ly  t em pera te  s p e c i e s .  This i s  p robab ly  exp la in ed  by the  
f a c t  t h a t  t h e y  a r e  a l l  s p e c i e s  u s i n g  p o s t - e m e r g e n c e  s c r a m b l e  
c o m p e t i t i o n  s y s t e m s .  H e n c e ,  a l t h o u g h  t h e y  do n o t  show t h e  
c h a r a c t e r i s t i c  abdominal  m o d i f i c a t i o n s  they  may s t i l l  be re spond ing  
to  s i m i l a r  e n v i r o n m e n t a l  i n f l u e n c e s .  Second ,  t h e r e  a r e  s e v e r a l  
s p e c i e s  o f  M e g a r h y s s a  w i t h  l o n g  t h i n  g a s t e r s  i n  t h e  t r o p i c s .  
However, the  h o s t s  of  t r o p i c a l  r h y s s in e s  a r e  not  known , l e t  a lone  
t h e i r  r e l a t i v e  d e n s i t i e s  in  a f o r e s t .

The most l i k e l y  e x p l a n a t i o n  i s  t h a t  M e g a rh y ssa  i s  a h o l o p h y l e t i c  
g r o u p  t h a t  h as  s p e c i a l i s e d  on h o s t s  t h a t  a r e  a t  f a i r l y  h i g hu>K-d e n s i t i e s , / .e ther  t h e y  be i n  p o lyphagous  h o s t s  i n  t h e  t r o p i c s  o r  
o l i g o p h a g o u s  h o s t s  ( s i r i c i d s )  i n  t e m p e r a t e  r e g i o n s .  Under t h e s e  
c i r cu m s tan ces  the e v o l u t i o n  of a pre-emergence scramble  system has 
been s e l e c t i v e l y  favou red .  In c o n t r a s t ,  the  t r o p i c a l  r h y s s i n e  groups

number of males. However, it may not be the average number of males
in an aggregation that is important but the maximum number.
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may have s p e c ia l i s e d  upon h o s ts  th at are at a f a i r l y  low d e n s ity , and 
th ere  has been no stron g  s e l e c t i v e  p ressure to  develop  pre-em ergence 
scram b le c o m p e tit io n  sy s te m s- I t  i s  presumed th a t th ey  w i l l  be 
adopting fem ale d efence system s under th ese  c ircu m stan ces. H op efu lly , 
as more d a ta  are c o l l e c t e d  about th e s e  i n s e c t s '  h o st p r e fe r e n c e s ,  
th ese  q u e s t io n s -w ill  be answered.

6.11.3. Mimicry complexes

Another fa c t o r  which co u ld  be im portan t in  sh ap in g  m ating system  
e v o lu tio n  i s  d if fe r e n c e s  in  predator pressure between temperate and 
tr o p ic a l  r e g io n s . In the tr o p ic s  predators are much more common than  
in  tem perate reg ion s (Gauld 1987b ), and mimicry complexes are very  
common. T here a re  r e a s o n s  to  b e l i e v e  th a t  th e r e  may be s t r o n g  
s e l e c t iv e  p ressu re on rh y ss in es  to  be in volved  in  mimicry com plexes. 
T his i s  due to  th e  p e c u l ia r ly  v u ln e r a b le  p o s i t io n  o f o v ip o s i t in g  
fem ale and aggregatin g  m ales. Females may take hours to o v ip o s it  (see  
chapter 5) and males move on ly  r e lu c ta n t ly  when in  aggregations (as 
o b se r v e d  in  Lytarm es m a cu lip en n is)  . I f  t h i s  i s  th e  c a s e  th en  
r h y ss in e s  may be somewhat l im ite d  in  the shapes and s iz e s  they take  
up by the need to  be part o f a mimicry complex. This l im ita t io n  in  
s i z e  and shape may then le a d  to  a l im i t a t io n  in  term s of adopted  
mating s t r a t e g ie s .  How does the evid en ce f i t  th is  idea?

Most t r o p ic a l  r h y s s in e s  a r e , in d eed , p art o f m im icry com p lex es. 
N early  a l l  O r ie n ta l  Sychnostigma  s p e c ie s  are mimics o f p o l i s t i n e  
v esp id s; and N eotrop ica l Epirhyssas are almost a l l  p o l is t in e  vesp id  
m im ics, or mimics of o d ifero u s braconids (P orter, 1978). In co n tra st  
most t r o p i c a l  M egarhyssa  s p e c i e s  are b r a c o n in e  m im ics , w h ile  
M yllenyx is  s p e c ie s  tend to  be ra th e r  drab, o f te n  b la c k , i n s e c t s ,  
although they are o c c a s io n a lly  vesp id  mimics.

Temperate rh y ssin es  tend to  be com paratively drabber although they  
o fte n  have y ellow  sp ots or bands on the g a s tr a l t e r g i t e s ,  e s p e c ia l ly  
on the s id e s  of the t e r g i t e s .  They do not form part of c le a r  mimicry 
complexes as do many tr o p ic a l rh y ss in es  (P orter, 1978).
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These o b serv a tio n s do not n e c e s s a r ily  support the th eory . F ir s t ,  i t  
i s  n ot o b v io u s which groups are r e a l l y  p a r t o f m im icry com p lex es. 
Although tem perate rh y ss in es  are o fte n  b lack  w ith  no markings, some 
are q u ite  s t r ik in g ly  marked, and i t  i s  not c le a r  whether th is  some 
form o f f la s h  c o lo u r a tio n , or due to  mimicry. Being unable to  decide, 
e x a c t ly  when the^ e f f e c t  might be tak ing  p la ce  i s  u nfortunate- ^Second, 
although the o b serv a tio n s are somewhat in  agreement w ith the th eory , 
th ere  i s  no way of t e s t in g  i t .  Long th in  rh y ss in es  are mimics o f long  
th in  models ( tr o p ic a l Megarhyssa s p e c ie s  and tr o p ic a l b ra c o n in e s), 
and s h o r t  s t o u t  r h y s s i n e s  a r e  m im ics  o f  s h o r t  s t o u t  m o d e ls  
(Sychnostigma  and Epirhyssa  and p o l i s t i n e  w a sp s ) . So, which came 
f i r s t ,  the mating system  or the mimicry?

Although predator p ressu re may p lay a part in  fo rc in g  anim als to  
adopt p a r tic u la r  shapes, s i z e s  and colour p a tte rn s , i t  i s  probably  
not an im portant fa c to r  h ere . A fter a l l ,  s o c ia l  v esp id s are not the  
on ly  p o s s ib le  unp alatab le  models th at rh y ssin es  have e x p lo ite d . There 
i s  no r e a l  r e a s o n  why a s c r a m b le  c o m p e t i t i o n  E p irh y s s a  or  
Sychnostigma sp e c ie s  should not use a long th in  model. The fa c t  th at 
they do not i s  probably only  another in d ic a to r  th at they do not have 
pre-em ergence scramble com p etition  mating system s.

6.11.4. Phylogenetic constraints

I t  may be the case that the a n c e str a l Megarhyssa sp e c ie s  
e v o lv e d  a p r e -e m e r g e n c e  m a tin g  sy s te m  th a t  h a s ,  in  su b se q u e n t  
descendant s p e c ie s ,  become an absorbing s t a t e ,  due e ith e r  to a lack  
of g e n e tic  v a r ia b i l i t y  or a low m utation ra te  (B u ll & Charnov, 1985) . 
I f  t h i s  i s  th e ca se  then Megarhyssa s p e c ie s  sh ou ld  show the same 
b eh aviou ral mating re p e r to ir e  reg a rd less  o f the number of in tru d er  
males p resen t at each emergence s i t e ,  as the mating system  w i l l  be 
in d ep e n d en t o f e c o l o g i c a l  f a c t o r s .  T h is  w ould mean th a t  th e  
ev o lu tio n  of a pre-em ergence scramble com p etition  system  has become a 
p h y lo g en etic  c o n stra in t (or an example of canalisation  (Waddington,
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R e c e n t ly , s e v e r a l  a u th o rs have p o in ted  out the im portance o f a 
s p e c ie s  ev o lu tio n a ry  h is to r y  in  co n stra in in g  i t s  subsequent evo lu tio n  
(Gould & L ew ontin , 1979; R id le y , 1 9 8 3 ,1 9 8 5 ) . S e v e r a l s t u d ie s  have 
a ls o  used c la d i s t i c  a n a ly ses to  lo c a te  where p h y lo g en etic  co n str a in ts  
may be a c t in g  (C lutton-Brock & Harvey, 1977, 1984; R id ley , 1983). I t  
i s  worth look in g  at R id le y ’s methods in  a l i t t l e  more d e t a i l .  They 
in v o lv e  superim posing b io lo g ic a l  data onto e x is t in g  cladograms to  see  
how many tim es a p a r tic u la r  fea tu re  may have ev o lv ed . This provides 
an ad hoc method fo r  d e c id in g  where w hole h o lo p h y le t ic  groups may 
have a p a r t ic u la r  b io lo g ic a l  fe a tu r e  in  common, and thus to  an 
in d ir e c t  id ea  of where p h y log en etic  c o n s tr a in ts  may be occu rring . Can 
th ese  methods be used here?

F o llo w in g  R id le y 's  m ethods i t  would have to  be assumed th a t th e  
pre-em ergence scramble system  has evolved  at le a s t  tw ice in  rh y ssin es  
( s e e  f i g s  6 . 1 1 , 6 . 1 2 , where s p e c i e s  w ith  th e  m ale abdom inal 
m o d ifica tio n s  are separated  in to  two p arts of the t r e e ) .  However, in  
t h i s  c a s e ,  th e  male abdom inal c h a r a c te r s  turned  ou t to  be more 
c o m p a t ib le  w ith  th e  o th e r  c h a r a c t e r s  in  th e  d a ta  s e t  than  th e  
c h a r a c t e r s  w hich  s p l i t  th e  s p e c i e s  p o s s e s s in g  them in t o  tw o . 
T h e r e fo r e  th e  a ssu m p tio n  must be made th a t  th e  m ale g a s t r a l  
ch a ra cters are good p h y lo g en etic  markers. By d e f in it io n  th is  means 
th at they are p o stu la ted  to  have evolved  on ly  once. This in d ic a te s  a 
flaw  in  R id le y 's  method. U nless the cladograms he has chosen are very  
w ell r e so lv ed  th ere always e x i s t s  the p o s s ib i l i t y  th at the b io lo g ic a l  
f e a tu r e  he i s  i n v e s t ig a t in g  may be more com p atib le  w ith  the o th er  
ch a ra cters in  a ch aracter s e t  than some o f the ch aracters which make 
up the cladogram he u se s . Under th ese  circum stances the estim ate  of 
the number o f tim es a b io lo g ic a l  character s t a te  has evolved  would be 
in v a l id .

Here, the evid en ce p o in ts  towards the scram ble com p etition  system  
having evolved  only  once. Whether th is  i s  because i t  i s  co rre la ted  
w ith  a p a r t i c u l a r  h o s t - p r e f e r e n c e  o f M egarhyssa  or due to  an 
absorbing s t a te  i s  not c le a r . I t  i s  perhaps b est to  assume the former

1 9 5 7 ) ) ,  o v e r r i d i n g  t h e  a d a p t i v e  p u l l  o f  c h a n g in g  e c o l o g i c a l  f a c t o r s .

236



i s  true u n t i l  r e a l evidence i s  accrued th at shows Megarhyssa sp e c ie s  
adopting scram ble com p etition  system s under co n d itio n s  where other  
rh y ss in e s  are adopting d if fe r e n t  system s.

6.12. Alternative male strategies

S e v e r a l  w ork ers (Y asu m atsu , 1 9 3 7 ; Crankshaw & M atth ew s, 1 9 8 1 ;  
Thom pson, u n p u b lish e d  d a ta )  h ave r e p o r te d  th e  e x i s t e n c e  o f an 
a lt e r n a t iv e  s tr a te g y  by sm all Megarhyssa (in c lu d in g  Rhyssella) males 
at emergence s i t e s .  They w ait for fem ales to emerge and attem pt to  
cop u la te  w ith  them. Crankshaw & Matthews (1981) report th at coupling  
fo llo w e d  31% o f a g g r e g a tio n s  where a fem ale emerged u n d istu rb ed ,  
although no f ig u r e s  are a v a ila b le  fo r  how su c c e ss fu l th ese  cou p lings  
a re . The presence o f th is  a lte r n a t iv e  s tra te g y  i s  in te r e s t in g  in  th at 
a body o f l i t e r a t u r e  has b u i l t  up about th e se  ty p es  o f s t r a t e g ie s  
(review ed in : T h orn h ill & A lcock, 1983; Krebs & D avies 1981; Austad,
198 4 ).

Most s a t e l l i t e  s t r a te g ie s  in v o lv e  males th at show "sneaky" m ating. 
That i s ,  they fin d  a way to  reach the fem ale b efore a larg er  and more 
a g g r ess iv e  male can f e r t i l i s e  h er . There are many examples of t h is ,  
in c lu d in g , gob io id  f i s h  (M iller , 1979), b lu egrass su n fish  (Gross & 
Charnov, 1980), bees (Alcock e t al, 1977; Severinghaus e t al, 1981), 
fr o g s  (Howard, 1978) , c h a lc id  wasps (King e t  a l, 1969) , and even  
la rg e  mammals such as elephant s e a ls  (Le Boeuf, 1974). Small males 
are norm ally at a d isadvantage in  in te r a c t io n s  w ith larg er  males and 
th e re fo r e  adopt th ese  so r ts  of s t r a t e g ie s .

One of the most important a sp ects  of s a t e l l i t e  s t r a te g ie s  i s  th at  
in  order to  p e r s is t  w ith in  a population  they must be evo lu tio n a rily  
s ta b le  s tra te g ie s  (Maynard Smith, 1974). This im p lies  th at they are 
norm ally under g e n e tic  c o n tr o l, and that the gene for the s a t e l l i t e  
s tr a te g y  r e s u lt s  in  an id e n t ic a l  f i t n e s s  in  s a t e l l i t e  in d iv id u a ls  as 
in  ord inary in d iv id u a ls .  The lo g ic  of th is  i s  sim ple -  i f  a gene fo r  
the s a t e l l i t e  s tr a te g y  produces le s s  f i t n e s s  in  an in d iv id u a l then  
i t ' s  frequency in  the population  w i l l  in e v ita b ly  reduce gen eration  by
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g en era tio n , u n t i l  i t  d isapp ears a lto g e th e r . At le a s t  one a lte r n a t iv e  
m ating s t r a t e g y  has been shown to  be under g e n e t ic  c o n tr o l  (Cade,
1 9 7 9 ). An a l t e r n a t iv e  m ating s t r a t e g y  i s  o f te n  assumed to  be an 
e v o lu t io n a r ily  s ta b le  s tr a te g y  due to  a trade o f f  between the c o s t o f 
a g g r e s s iv e  in t e r a c t io n s  w ith  o th e r  m a les, and th e  l o s s  o f m ating  
o p p o r tu n itie s  caused by not being  a g g ress iv e  (G adgil, 1972).

In the case o f Megarhyssa s p e c ie s ,  however, t h is  i s  u n lik e ly  to  be 
th e c a s e .  T his i s  b ecau se  th e r e  i s  a p o s i t i v e  c o r r e la t io n  betw een  
h ost s iz e  and r e s u lt in g  ad u lt s i z e  in  p a r a s it ic  Hymenoptera (Gauld & 
B o lto n , 1 9 8 8 ). T h is means th a t s i z e  i s ,  at b e s t ,  o n ly  p a r t i a l l y  
g e n e t ic a l ly  c o n tr o lle d . In rh y ss in es  th is  im p lies  th at a gene fo r  a 
sm all male post-em ergence mating s tr a te g y  would be very u n lik e ly  to  
become e s t a b l i s h e d  in  a p o p u la t io n . T his i s  b ecau se  any such gene  
would be s h u f f l e d  a t random b etw een  d i f f e r e n t  s i z e d  m a les in  
d if f e r e n t  g en era tio n s . I f  i t  arose in  a sm all male then i t  might be 
e f f e c t iv e  in  terms of the number o f o ffsp r in g  th at male produces, but 
in  subsequent g en era tion s i t  stands as good a chance of ending up in  
a la r g e  m ale, where i t  would have a d e le t e r io u s  e f f e c t .  T his i s  
e s p e c ia l ly  true as post-em ergence cop u la tion  i s  probably extrem ely  
d i f f i c u l t  fo r  a la r g e  m ale, and c e r t a in ly  sm a ll a g i l e  m ales would  
have a s e l e c t i v e  a d v a n ta g e  (Crankshaw & M a tth ew s, 1981) in  a 
com p etition  w ith a larg e  male which had the gene fo r  post-em ergence 
m atin g . Hence, th e  d is r u p t iv e  e f f e c t  o f h o s t - s i z e  r e la te d  body 
le n g th s  i s  l i k e l y  to  mean th a t th e  a l t e r n a t iv e  s t r a te g y  i s  n ot  
g e n e t i c a l ly  c o n t r o l le d .  I t  seem s l i k e l y  in s te a d  th a t m ales are  
employing a s tr a te g y  based upon judging th e ir  a b i l i t y  to  compete w ith  
other m ales. In th is  scheme la rg e  males would learn  q u ick ly  th at they  
can race for fem ales, w h ile  sm all males fin d  th at they cannot. This 
so r t of co n d itio n a l s tr a te g y  (A lcock, 1979) probably a lso  occurs in  
the pom pilid wasp Cryptocheilus (Day, 1984; pers comm) and in  o th er  
sp e c ie s  with runt (kleptogamous) males (reviewed in , Krebs & D avies,
1981) .

One way to  loo k  i n d ir e c t l y  a t w hether sm a ll s i z e  i s  g e n e t i c a l ly  
c o n tr o lle d  i s  to  lo o k  to  se e  w hether th e re  i s  a bim odal freq u en cy  
d is t r ib u t io n  in  s i z e .  T his i s  c e r t a in ly  th e  ca se  w ith  c e r t a in
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chironomid and chaoborid midges (McLachalan 1986; McLachlan & A llen ,  
1987, McLachlan & Neems, 1989) where th ere i s  a d e f in i t e  secondary  
frequency peak in  the sm a lle s t  s i z e  c la s s  o f m ales. However, th ere i s  
no such secondary frequency peak in  e ith e r  of the two sp e c ie s  where 
reared m a teria l (which seems th e c lo s e s t  a v a ila b le  approxim ation to  a 
random sam ple) was a v a i la b le :  Rhyssa persuasoria  and R h ysse lla  
approximator: ~In both ca ses the frequency h istogram s f i t t e d  a normal 
curve ( fo r  R. approximator p> 0 .9  in  a K olm ogorov-Sm irnov t e s t  o f  
goodness of f i t  (Sokal & R oh lf, 1969); fo r  R. persuasoria  p> 0 .25  in  
a K o lm o g o r o v -S m ir n o v  t e s t )  and n e i t h e r  show  a c lu m p in g  o f  
d is tr ib u t io n  at the sm a lle st s i z e  c la s s e s .

The major fa c to r  in f lu e n c in g  th e  p ro d u ctio n  o f sm a ll m ales i s  
p robab ly  th e  i n e f f i c i e n c y  o f fem ale d r i l l i n g  (which seems to  be 
around 10%; K azm ierczack, 1981 , se e  ch ap ter  5 ) .  T h ere fo re , i t  i s  
l ik e ly  th at an egg i s  la id  whenever a h ost i s  encountered, whatever 
i t s  s iz e  (Hanson, 1939). In th is  case very sm all males w ith extrem ely  
low f i t n e s s  may r e s u l t .  These 'd isp o sa b le  m ales' may be adopting a 
c o n d itio n a l s tr a te g y  sim ply to  make the b est o f a bad th in g . Females 
may be fo llo w in g  a sim ple ru le  of -  la y  an egg i f  anything i s  th e re , 
la y  a fem ale i f  the h ost i s  above a c e r ta in  s iz e  (and fem ales do tend  
to  be l a r g e r  th a n  m a le s ,  s e e  a b o v e ) .  In  c e r t a i n  A c u le a t e  
Hymenoptera i t  has been shown th at the amount o f p rov ision ed  h ost (in  
th is  case the p aren ta l investm ent) in flu en c es  the mating system  of  
the o ffsp r in g  (Alcock et a l, 1977), and th is  seems to  be an analogous 
s i t u a t io n  to  the r h y ss in e  o n e . In the r h y s s in e  c a s e ,  how ever, th e  
amount o f p r o v is io n e d  h o st  (so  to  speak) i s  unknown b efo r e  th e  
p aren ta l investm ent occurs ( i . e .  the d r i l l in g  e f f o r t ) .

One of the fea tu res  of th is  system  which may have caused a s i z e -  
lin k ed  s iz e  gene to  evolve i s  an e n erg e tic  one. McLachlan (1986) has 
shown th a t sm a ll m ales o f ch ironom id  m idges have reduced en ergy  
r e s e r v e s  and f ly in g  a b i l i t y .  I t  may be th a t i t  i s  e n e r g e t i c a l l y  
cheaper to produce sm all males with short abdomens than sm all m ales 
w ith lon g , th in  abdomens. I t  could be th is  l im it  in  resou rces th at i s  
one o f the fa c to r s  th a t has le d  to  the developm ent o f t h i s  s i z e -  
v a r ia t io n .
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6 . 1 3 .  E v o lu t io n a r y  B io lo g y  and Bioqeoqraphv

With th ese  in s ig h ts  in to  the ev o lu tio n  of the group some p r o v is io n a l  
comments can be made about how th e  group may have ev o lv e d  i t s  
b i o l o g i c a l  f e a t u r e s  and how i t  may h ave ta k en  up i t s  p r e s e n t  
d is t r ib u t io n . The b io lo g ic a l  ev id en ce , i s  at present rath er f l im sy ,  
but h o p efu lly  th ese  co n jectu res w i l l  provide a framework fo r  fu tu re  
s t u d ie s .

6.13.1. Present day distribution of holophyletic groups

The d is t r ib u t io n  of the variou s h o lo p h y le t ic  groups i s  shown in  f i g s  
6 .31  to  6 .3 5 . Included w ith  th ese  i s  the d is tr ib u t io n  o f the p o s s ib ly  
p a ra p h y le tic  grouping Epirhyssa/SychnostigmaJ Triancyra. The fo llo w in g  
p attern s emerge:

(a) Rhyssa has a a lp in e -b o r e a l d is tr ib u t io n  w ith  some p op u lation s a t  
low a l t i t u d e s  fu r th e r  so u th  ( f i g  6 .3 1 ) .  A ll  Rhyssa s p e c ie s  are  
p a r a s ito id s  o f s i r i c i d  woodwasps in  P ineacae. This would seem to  be 
the p r im itiv e  s t a t e .  The d is tr ib u t io n  shown in  the map i s  a rath er  
poor r e p r e s e n t a t io n  o f th e  a c t u a l  ran g e  o f  th e  g e n u s .  In  th e  
l i t e r a t u r e  i t s  d i s t r i b u t i o n  h a s  been  r a th e r  p o o r ly  d e s c r ib e d ,  
e s p e c i a l l y  from th e n orth  o f th e  USSR (M eier, 1934, fo r  exam ple, 
r e f e r s  to  i t s  d is t r ib u t io n  as " ea st to  S a k h a lin " ). Most o f th e  
d is tr ib u t io n  inform ation  comes from the BMNH c o l le c t io n s ,  w ith some 
data from Spradbery & Ratkowsky (1974), Townes & Townes (1960), and 
Townes e t  al (1965).

(b) Megarhyssa ( in c lu d in g  R hyssella)  in h a b it s  the w hole o f th e  
northern temperate reg ion , w ith o u t l ie r s  in  tr o p ic a l A fr ica  and the  
O rien ta l reg io n . I t  does not extend down in to  the N eotrop ica l reg ion  
( f i g  6 .3 2 ) .  Two s p e c ie s  o f Megarhyssa (M. em arginatoria  and M. 
nortoni)  are p a r a s it o id s  o f s i r i c i d s  in  P in a cea e . The rem ain in g  
tem perate sp e c ie s  are p a r a s ito id s  of S ir ic o id e a  in  angiosperm tr e e s .
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F ig  6 .3 1 . D is tr ib u tio n  of Rhyssa.

F ig 6 .3 2 . D istr ib u tio n  of Megarhyssa.
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The h o s t s  and h o s t  p la n t p r e fe r e n c e s  o f th e t r o p ic a l  s p e c ie s  are  
unknown. Much o f th e  d is t r ib u t io n  in fo r m a tio n  comes form th e  BMNH 
c o l l e c t io n s ,  w ith  some data from Townes & Townes (1960), Townes e t al 
(1965) and Deyrup (1985).

(c )  Lytarm es  ( in c lu d in g  C yrto rh yssa  mesopyrrha) i s  e n t i r e l y  
O rien ta l in  i t s  d is tr ib u t io n  ( f ig  6 .3 3 ) ,  ranging from Burma in  the  
n orth -w est to  The Solomon Isla n d s in  the so u th -e a s t . I t s  h o sts  and 
h o st  p la n t p r e fe r e n c e s  are unknown. The d is t r ib u t io n  in fo rm a tio n  
comes from the BMNE c o l le c t io n s  and Kamath & Gupta (1972).

(d) The p a r a p h y le t ic  genus Epirhyssa  ( c o n s is t in g  o f th e  gen era  
Sychnostigma, E pirhyssa, Triancyra  and Cyrtorhyssa m o e lle r ii)  i s  
p a n tro p ica l in  i t s  d is tr ib u t io n  ( f ig  6 .3 4 ) .  The d is tr ib u tio n  of the  
t e n t a t iv e  s p e c ie s -g r o u p s  have not been in d ic a te d ,  as any p a tte r n s  
produced are l ik e ly  to  be a r t i f a c t u a l .  The most stro n g ly  supported  
h o lo p h y le t ic  group, the scabra sp ec ie s-g ro u p , i s  g en era lly  sym patric 
w ith  the other O rien ta l Epirhyssas except th at i t s  westwards range 
ex ten d s to  so u th ern  In d ia  and S r i Lanka. The sp ec io sa -g r o u p  i s  
c o n fin e d  to  th e  N e o tr o p ic s , but th e r e  i s  a s u s p ic io n  th a t i t  i s  
p a r t i a l l y  d e f in e d  by i t s  g e o g r a p h ic a l d i s t r i b u t i o n .  A ll th e o th er  
s p e c ie s - g r o u p s  a re  c o n f in e d  to  th e  O r ie n t a l  r e g io n ,  w ith  th e  
excep tio n  of a handful of sp ec ie s  in  eq u a to r ia l A fr ica , South A fr ica  
and one s p e c ie s  in  Madagascar. The A frican  sp e c ie s  are very c lo s e  to  
th e In d o-M alesian  s p e c i e s ,  and in  th e  p h y lo g e n e t ic  a n a ly s is  were 
s p l i t  in to  se v er a l o f the p u ta tiv e  sp ec ie s -g ro u p s . The d is tr ib u t io n  
in fo rm a tio n  comes from S ey r ig  (1 927 , 1 9 3 2 ); B en o it (1951, 1 9 5 2 );  
Townes e t al (1965); Kamath & Gupta (1972); Townes & Townes (1973); 
Porter (1978).

(e) M yllenyxis  ( f i g  6 .3 5 ) .  T his h ig h ly  d er iv ed  r h y ss in e  has a 
d is tr ib u t io n  alm ost id e n t ic a l  to  Lytarmes. I t  i s  not found o u ts id e  
the b e l t  of ever-w et fo r e s t  in  Indo-M alesia .
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Fig 6 .3 3 . D is tr ib u tio n  of Lytarmes.

F ig 6 .3 4 . D is tr ib u tio n  of Epirhyssa .



Fig 6 .3 5 . D is tr ib u tio n  of M yllenyxis.
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6.13.2. The evolution of the Rhyssinae: a speculative scenario

A few p u ta tiv e  f o s s i l  rh y ssin es  have been d escrib ed  (Scudder, 1890; 
B ru es, 1906) b u t, from th e  d e s c r ip t io n s ,  none, can c o n f id e n t ly  be 
a ssign ed  to  the R hyssinae. For t h is  reason a co n sid era tio n  o f th e ir  
o r ig in s  and b iogeograp h ica l h is to r y  must be from in d ir e c t  so u rces . 
These sources~~are:

(a) P h y lo g en etic  an alyses o f the group (see  a b o v e).

(b) Biogeography and phylogeny of h o s t s .

(c) Biogeography and phylogeny of h ost p la n ts .

(d) P la te  te c to n ic s  and P a la eoc lim a teo lo g y .

6.13.3. Background

1 . The e a r l i e s t  f o s s i l s  of the on ly  r e l ia b ly  recorded rh y ssin e  h ost  
g ro u p , th e  S i r i c o i d e a ,  a re  from  th e  Lower J u r a s s i c  (200  mya) 
(R asn itsyn , 1980). They su bseq uently  rad iated  w id ely , presumably upon 
arb orescent gymnosperms. Some group a n cestra l to  the P ineaceae seem 
l ik e ly  to  have been the probable h ost p lan t group, and i t  may very  
w ell have been the contemporaneously d iv erse  fam ily  the V o ltz ia eca e  
( M i l l e r ,  1 9 8 2 ) .  The c o n t in e n t s  w ere a t  t h i s  tim e  s t i l l  j o in e d  
to g e th e r  as a s in g le  land mass (Pangeae) (Howarth, 1981) and th e  
s i r ic o id  and c o n ife r  d is tr ib u t io n s  were probably p an -g lobal (M ille r , 
1977).

2 . The P ineacae began th e ir  major r a d ia tio n  in  the ea r ly  C retaceous 
(135m ya), and are the most r e c e n t ly  e v o lv ed  o f the C o n ife r a le s  
(M ille r , 1976) . Their present d is tr ib u t io n  and f o s s i l  record in d ic a te s  
th at they must have appeared a f te r  the break-up of Pangeae, in  the  
northern co n tin en t Laurasia. At th is  p oin t one group o f s i r ic o id s  (the  
S ir ic in a e )  seem to have sw itched to  th is  h ost p lan t group, where they  
have remained s p e c ia l is e d  to  the present (Benson, 1942; Smith, 1978) .
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3 . D u rin g  th e  m id -C r e ta c e o u s , a n g io sp erm s b egan  t h e i r  p rim ary  
r a d ia t io n , p o s s ib ly  as a response to  change from a rath er  dry to  a 
w etter  c lim a te  (Upchurch & W olfe, 1987). The angiosperm s are l ik e ly  to  
have evo lved  in  low p a la e o la titu d e s  (Brenner, 1976; Hughes, 1976) and 
spread polewards (Axelrod, 1959). F len ley  (1979) showed how angiosperm  
p o lle n  d iv e r s i f i e d  between the la t e  Cretaceous (Sennonian) and the  
Q uartenary. The r e s u lt  o f t h is  was the very slow  o u t-com p etitio n  o f  
Gymnosperms, and a redu ction  in  the range o f the P ineacae in to  r e l i c t  
n orth ern  and h ig h  a l t i t u d e  h a b it a t s  . Two se p a r a te  l i n e s  o f th e  
S ir ic o id e a  are found on angiosperms -  the T rem icinae, c le a r ly  c lo s e  
to  th e  S i r i c i n a e  (B en so n , 1 9 4 2 );  and th e  X ip h y d r i id a e , w hich  
rep resen t a rath er d ivergen t group of s i r ic o id s  (R asn itsyn , 1980).

4 . At the beginn in g of the Eocene period the c lim a te  was isotherm al 
and much warmer. N on-seasonal fo r e s ts  communities were p resent from 
p a la e o la t itu d e s  32°N to  32°S (Creber & Chaloner, 1 985). Indeed, humid 
s u b -tr o p ic a l b ro a d -lea f fo r e s t s  stre tch ed  up to  high la t itu d e s  (Reid & 
Chandler, 1933; D ilch er , 1973) across the whole o f Laurasia (P arrish , 
1 98 7). By t h is  s ta g e , North America was moving away from E urasia, as 
the A t la n t ic  expanded; South America was c lo s e  to  or in  con tact w ith  
North America; and the Gondwanic A u stra lian  p la te  (Sahul s h e lf )  was 
ap p roach in g  th e  L au rasian  In d o-M alesian  p la t e  (th e  Sunda s h e l f )  
(Howarth, 1 98 1 ). Subsequently the c lim ate became co ld er  and much l e s s  
i s o th e r m a l, t h i s  caused  th e sh rin k age  o f th e  s u b - tr o p ic a l  h igh  
la t it u d e  f o r e s t s  and th e ir  replacem ent by the ty p ic a l  low d iv e r s i ty  
b ro a d -lea f fo r e s t s  of the p resen t day (Upchurch & W olfe, 1987).

This in form ation  a llow s some sp ecu la tio n s  to  be made about the 
h i s t o r i c a l  b iogeograp h y  and p a la e o e c o lo g y  o f th e r h y s s in e s .  The 
r h y ss in e s  are s p l i t  in to  5 groups, one o f which (Epirhyssa) has not 
been proven to  be h o lo p h y le tic  (see ab o ve).

F ig  6 .3 6  sh o w s a s i m p l i f i e d  a r e a  c la d o g r a m  ( t r e e )  w ith  
d is t r ib u t io n s  shown with the genera (d efined  above) on the cladogram.

D u r in g  t h e  e a r l y  C r e t a c e o u s  p i n e s  w e r e  b e g i n n i n g  t o  fo r m  a  m a jo r  p a r t
o f  t h e  t r e e  f l o r a  t h r o u g h o u t  t h e  N o r th e r n  H e m is p h e r e  ( M i l l e r ,  1 9 7 7 ) .
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I

R h y ssa HOLARCTIC
BOREAL

M e g a rh y ssa HOLARCTIC 
ORIENTAL

L y ta r m e s ORIENTAL

L
| ,--------E p ir h y s s a  PANTROPICAL
I l
L________ I

M y l l e n y x i s ORIENTAL

Fig 6.36. Simplified area tree diagram (area cladogram) 
for the Rhyssinae (genera as suggested in section 6.10.1). 
E p ir h y s s a  is connected to the rest of the tree by a dotted 
line as it is probably a paraphyletic group.
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6.13.4. Rhyssa

Rhyssa i s  c le a r ly  th e most p r im itiv e  extan t rh y ssin e  group, and i t s  
sp e c ie s  are a l l  p a r a s ito id s  of S ir ic in a e  on P ineacae. This su g g e s ts ,  
a t the l a t e s t ,  an e a r ly  C retaceous o r ig in  for  the r h y ss in e s . C lea r ly , 
the Rhyssinae could be a much o ld er  group, and may have evolved  in  
the Middle J u r a ss ic  f a i r ly  soon a f te r  the o r ig in  o f the S ir ic o id e a .  
However, i t  i s  probable th at a Rhyssa-like  a n cestor  was a p a r a s ito id  
of s i r i c i n e s .  The b io geograp h ica l h is to r y  of Rhyssa can be imagined  
to  be congruent w ith  th at o f the P in eaceae. As the p in es shrunk back 
to  th e  a lp in e - b o r e a l  r e g io n  so  d id  R hyssa, l e a v in g  a r e l i c t  
d is tr ib u t io n  ( f ig  6 .3 1 ) .

The p resent day Rhyssa sp e c ie s  most probably a l l  have male p o st­
emergence scramble system s. This i s  l ik e ly  to be due to  the h ig h ly  
se a s o n a l low d iv e r s i t y  f o r e s t s  in  which th ey  l i v e .  Not enough i s  
known ab ou t th e  com m unity s t r u c t u r e  o f  M iddle C r e ta c e o u s  p in e  
f o r e s t s ,  to  judge whether th is  mating system  was seco n d a r ily  d erived  
a fte r  Rhyssa a rrived  in  high b oreal fo r e s t s ,  or was d erived  w ith in  
the p r im itiv e  co n ifero u s f o r e s t s .  Why Rhyssa has not evolved  a pre­
emergence scramble system  w hile  the two sym patric Megarhyssa sp e c ie s  
have, i s  u n clea r .

I t  i s  in te r e s t in g  to  note th at Rhyssa sp e c ie s  are l iv in g  in  a f a i r ly  
a rid  environm ent, and th at the Cretaceous pine fo r e s t s  were probably  
much d r ier  than the p resent b ro a d -lea f f o r e s t s .  This tends to  su ggest  
th at the normal h a b ita t of the m ajority  of r h y ss in e s , humid f o r e s t s ,  
i s  a seco n d a r ily  derived  a d a p tatio n . This i s  the o p p o site  co n clu sion  
to  th at reached by Porter (1978) who im p lies th at Rhyssa i s  a rather  
advanced genus.

6 .1 3 .5 .  Megarhyssa

Megarhyssa sp e c ie s  (in c lu d in g  Rhyssella) are p a r a s ito id s  o f the two 
an giosp erm -associated  s i r ic o id  lin e a g e s  (x ip h yd riid s and tr e m e c in e s) . 
They are a sso c ia te d  w ith high d en sity  h o sts  in  low d iv e r s i ty  f o r e s t s ,
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excep tin g  the few sp e c ie s  found in  the P a la e o tro p ic s , where the h o sts
are unknown. They are a l l  presumed to  show p re-em ergen ce  scram b leacom p etition  system s in  th e rep rod u ctive betyviour o f the m ales. Two 
sc e n a r io s  are p o stu la ted  fo r  th e ir  e v o lu tio n :

(a ) M egarhyssa  s p e c i e s  a p p ea red  e a r ly  in  th e  e v o l u t i o n  o f  
angiosperm s, and fo llow ed  trem ecines or x ip h y d r iid s  onto b ro a d -lea f  
t r e e s .  The e a r ly  angiosperm communities were not as d iv e rse  as the  
p r e se n t on es (Upchurch & W olfe, 1 9 8 7 ), and i s  p o s s ib le  th a t th e  
d i s t i n c t i v e  abdom inal m orphology was e v o lv ed  in  t h i s  r e l a t i v e l y  
depauperate environm ent, where e a r ly  angiosperm tr e e s  were a t much 
h ig h e r  c o n s p e c i f i c  d e n s i t i e s .  In  a s i m i l a r  way to  R hyssa, a s  
angiosperm  d i v e r s i t y  in c r e a se d  Megarhyssa s p e c ie s  would be pushed  
n orth w ard s, as t h e ir  h o st  r e so u r c e s  became more p a r t i t io n e d .  The 
p op u la tio n s in  the P a la eo tro p ics  can then be con sid ered  as r e l i c t s ,  
p o s s ib ly  pre-adapted to rather polyphagous h o s ts .

(b) Megarhyssa s p e c ie s  evolved  as a response to  the lower d iv e r s i ty  
North tem p erate  f o r e s t s  th a t  began to  appear from th e  end o f th e  
P alaeocen e. The lower d iv e r s ity  and se a so n a lity  o f th ese  fo r e s t s  would 
lea d  to  la rg e  numbers of in tru d er males during the emergence sea son , 
and t h e r e f o r e  s e l e c t i v e  p r e s s u r e  on m a les to  d e v e lo p  sc r a m b le  
c o m p e tit io n  m o d if ic a t io n s .  The p re se n t P a la e o t r o p ic a l  s p e c ie s  are  
then con sid ered  as recen t m igrants, adapted to  ra th er  polyphagous 
h o st groups or to  o lig o p h a g o u s h o st on a h igh  c o n s p e c i f i c  d e n s i t y  
tr e e  s p e c ie s .  This i s  on ly  a s l ig h t  m o d ifica tio n  of P o r te r 's  (1978) 
h y p o th e s is  which s u g g e s ts  th a t Megarhyssa s p e c ie s  e v o lv e d  as a 
resp o n se  to  changing en v iron m en ta l c o n d it io n s .  I t  seem s th e  most 
l ik e ly  o f the two h yp oth eses, e s p e c ia l ly  given  the p resen t degree of 
u n certa in ty  about the speed of d iv e r s i f ic a t io n  o f e a r ly  angiosperm  
e v o lu t io n  (H ughes, 1 9 7 6 ). In a d d it io n , the a b sen ce o f Megarhyssa 
sp e c ie s  in  South America tend to  su ggest a northern rath er  than an 
eq u a to r ia l o r ig in .

The m orphological changes observab le between a Rhyssa-tyjte an cestor  
and th e a n c e s tr a l  Megarhyssa were very  g rea t (s e e  cladogram s in  
e a r l ie r  part of th is  c h a p ter ). This change may very w e ll  be due to  a
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change from gymnosperm to  angiosperm wood. However, o n ly  two of the  
ch a ra cters in v o lv ed  (p o s it io n  o f the s te r n a l o v ip o s ito r  guide?... and 
fu s io n  o f g a s tr a l  s t e r n it e  1 and t e r g i t e  1 ) even rem otely  su ggest a 
d if fe r e n c e  in  o v ip o s it io n  behaviour. And, i f  t h is  i s  the ca se , then  
a t l e a s t  tw o M egarhyssa  s p e c i e s  h a v e  r e t u r n e d  to  p in e s  (M. 
emarginatoria  and M. nortoni) .

A nother problem  which n eed s a d d re ss in g  r e la t e s  to  th e  h o s ts  o f  
t r o p ic a l  Megarhyssa s p e c ie s .  They are u n lik e ly  to  be trem icin es or 
x ip h y d r i id s  as th e s e  are r e l a t i v e l y  ra re  in  th e  t r o p ic s  (B enson, 
1943, 1 95 2 ). I t  seems most l ik e ly  th at they have sw itched  to  wood­
boring b e e t le s ,  and i t  would be in te r e s t in g  to  d isco v er  what groups 
they  now e x p lo it  and and at what d e n s i t ie s  they occu r.

6 .1 3 .6 .  Lytarmes

T his h o lo p h y le t ic  group o c c u p ie s  an in te r m e d ia te  p o s i t io n  betw een  
Megarhyssa and Epirhyssa. I n te r e s t in g ly ,  i t  has an alm ost id e n t ic a l  
d is t r ib u t io n  to  M yllenyx is  ( s e e  above) . I t  may be a s p e c ia l i s e d  
Megarhyssa w hich has l o s t  i t s  male g a s t r a l  m o d if ic a t io n s  s in c e  
d is p e r s in g  to  th e  O r ie n ta l  t r o p ic s  (su p p o rtin g  e x p la n a t io n  (b) 
a b o v e ) , or i t  may be a se p a r a te  l in e a g e  which has ev o lv ed  f a i r l y  
r e c e n t l y .  The l a t t e r  p o s s i b i l i t y  f i t s  in  w ith  th e  p o s i t i o n  o f  
Lytarmes in  th e f in a l  t r e e .  I t  seems l ik e ly  th at the group evolved  in  
th e South L au rasian  area (which i s  now In d o -M a les ia ) and has not 
spread s ig n i f i c a n t ly  s in c e  th en .

6 .1 3 .7 .  Epirhyssa

This p a ra p h y le tic  group c o n s is t s  o f a number o f sp ec ie s-g ro u p s which 
are presumed to  be among the most r e c e n tly  evolved  in  the subfam ily . 
I t  i s  p o s s ib le  th a t th ey  e v o lv ed  in  t r o p ic a l  p a la e o la t i t u d e s  in  
p a r a l l e l  w ith  th e  g r e a t e s t  d i v e r s i f i c a t i o n  o f  th e  a n g io sp erm s  
(perhaps as r e c e n tly  as the la t e  E ocene). None o f the stu d ied  sp e c ie s  
show th e  male abdom inal m o d if ic a t io n s  a s s o c ia te d  w ith  a scram ble  
com p etition  mating system . This i s  com patible w ith  the idea th at they
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have e v o lv e d  in  a v ery  d iv e r s e  t r o p ic a l  f o r e s t  en v iro n m en t, where 
fem ale emergences are very p a tc h ily  d is tr ib u te d , and th ere  i s  l i t t l e  
s e a s o n a li ty .  I t  i s  l i k e l y  th at th e group spread a cro ss the Laurasian  
s u b - t r o p ic a l  f o r e s t  and formed a s in g le  fa u n a l e lem en t in  Eocepe 
tim es. With the estab lish m en t o f a connection  between South and North 
America in  the la t e  E ocene-O ligocene (P a rrish , 1987; Howarth, 1981) 
Epirhyssa wiHT have d isp ersed  in to  the southern con tin en t,. This would 
make th e  South American E pirhyssa  s p e c ie s  (th e  speciosa  s p e c i e s -  
group) on ly  around 25-30 m ill io n  years o ld  and probably on ly  as o ld  
as the Bombini (W illiam s, 1 985), a group which might i n t u i t iv e ly .b e  
con sidered  to  be fa r  more r e c e n t. Porter (1978) g iv e s  an account of 
the p o s s ib le  subsequent e v o lu tio n  of the group w ith in  South America 
w h ile  s u g g e s t in g  a somewhat e a r l i e r  a r r iv a l  o f th e  group to  South  
America.

The l a t e r  b io g e o g r a p h ic a l h is t o r y  o f E pirhyssa  can be seen  as 
s e r ie s  of v ic a r ia n c e  even ts (N elson & P la tn ic k , 1 9 8 1 ). The gradual 
sh rin k in g  o f the tr o p ic a l  f o r e s t s ,  in  response to  the co o lin g  of the 
c l im a te ,  l e f t  th e  th r e e  H olocene t r o p ic a l  r e g io n s  i s o l a t e d .  T his  
i s o l a t i o n  must be c o n s id e r e d  a f a i r l y  r e c e n t  e v e n t ,  and t h i s  i s  
supported by the c lo s e n e s s  o f the rh yssin e taxa in  the th ree  re g io n s . 
With the c o l l i s io n  o f the Laurasian Sunda and Gondwanic Sahul sh e lv es  
(W hitmore, 1985) a d is p e r s a l  ro u te  opened up in t o  New Guinea and 

A u stra lia ; a rou te which has been fo llow ed  by a few r h y ss in e s .

P o rter  (1978) s u g g e s te d  th a t the speciosa  s p e c ie s -g r o u p  might 
o r ig in a te  in  West Gondwanaland. This seems u n lik e ly  fo r  the fo llo w in g  
rea so n . The most p r im it iv e  e x ta n t  r h y ss in e  ( Rhyssa) i s  a s s o c ia te d  
w ith  th e P in a c e a e , which im p l ie s ,  th a t th e  advanced r h y s s in e s  are  
p o ly p h y le t ic , the speciosa  sp ec ies-gro u p  having evo lved  sep a ra te ly  
from th e o th e r  r h y s s in e s  s in c e  th e break-up o f Pangeae (about 150 
m ya). T h is  c o u ld  o n ly  be a c c e p te d  i f :  (a) E p irh yssa  were v er y  
d ivergen t from a l l  the Laurasian r h y ss in e s , which i t  c le a r ly  i s  n o t, 
or; (b) th e  r e c o n s tr u c te d  r h y s s in e  tr e e  i s  th e wrong way up, and 
Epirhyssa i s  the l e a s t  d erived  genus. In f a c t ,  Porter (1978) im p lies  
th a t th e second  o f th e se  p o s s i b i l i t i e s  i s  l i k e l y .  However, th e  
c la d is t i c  a n a ly s is  performed in  th is  study in d ic a te s  th at Rhyssa i s
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th e most p r im it iv e  genus and th e r e fo r e  i t  i s  r e a so n a b le  to  assume 
th a t the whole group i s  Laurasian in  o r ig in .

6 .1 3 .8 .  M yllenyxis

M yllenyx is  i s  th e  most d er iv e d  r h y s s in e  and i s  c o n fin e d  to  th e  
O r ie n ta l t r o p i c s .  I t  may have ev o lv ed  s in c e  th e  break up of th e  
tr o p ic a l  fo r e s t  masses in  the Middle T er tia ry . I t  seems again to have 
a male g a s tr a l  shape a sso c ia te d  w ith  low d e n s ity  h o s t s ,  although some 
sp e c ie s  have males w ith rath er more e lo n ga te  abdomens ( a specimen 
c o l le c t e d  in  New Guinea (probably c lo se  to  M yllenyxis bernste in ii)  
shows an e lon gated  g a s te r , although i t  does not have e ith e r  of the  
two ch aracters d e fin in g  Megarhyssa) .

6.13.9. General Conclusions

The rh y ss in es  appear to  have evolved  in  L aurasia in  e a r ly  Cretaceous 
t im e s  as p a r a s i t o i d s  o f  s i r i c o i d  w ood -w asp s in  p in e s .  T h e ir  
subsequent ev o lu tio n ary  h is to r y  seems to have been ch a ra c ter ised  by 4 
main e v e n ts .

1 . The ev o lu tio n  of angiosperm dominated p la n t communities and the 
s h i f t  from gym nosperm -associated to a n g io sp erm -a sso c ia ted  h o s ts .

2. The d iv e r s i f ic a t io n  and spread of n o n -sea so n a l high d iv e r s ity  
angiosperm fo r e s t s  to  high p a la e o la t itu d e s  w ith  a concom itant spread  
of rh y ss in es  across L aurasia .

3 . The gradual co o lin g  o f the c lim ate  lea d in g  to  the shrinking  of 
n on -season al f o r e s t s .  P o ss ib le  subsequent e v o lu tio n  of a group adapted  
to  th e  n ew ly  em erg in g  s t r o n g l y  s e a s o n a l ,  h ig h  d e n s i t y  f o r e s t s  
(Megarhyssa) . Emergence in  O r ie n ta l r e g io n  o f both  Lytarmes and 
Epirhyssa.
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4 . The v ic a r ia n c e  o f th e p an -L au rasian  n o n -se a so n a l f o r e s t  b e l t  
in to  th r e e  main p a r t s .  E pirhyssa  s p e c ie s  rem ain in g  in  th e th r e e  
b lo c k s . R adiation  of M yllenyxis in  the O rien ta l reg io n .
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APPENDIX 1

Operational taxonomic units for the pimpline analyses

1 . E xeristes roborator (F abriciu s)
2. Endromopoda d e tr itu s  (Holmgren)
3 . A frep h ia ltes cica tricosa  (Ratzeburg)
4 . E phia ltes m anifesta tor  (Linneaus)
5 . Liotryphon cydiae Perkins
6. Townesia -tenuventris  (Holmgren)
7 . Paraperithous gnatbaulaux (Thompson)
8. Dolicbomitous imperator (Kreichbaumer)
9 . Acropimpla didyma (Gravenhorst)
10. Gregopimpla santanas Morley
11. Iseropus stercora tor  (F abriciu s)
12. Tromatobia oculatorius  (F ab ric iu s)
13. Zaglyptus varipes (Gravenhorst)
14. Clistopyga in c ita to r  (F abriciu s)
15. Pseudopimpla pygid ia tor  Seyrig
16. Dreisbachia p ic ti fro n s  (Thompson)
17. Schizopyga fr ig id a  Cresson
18. Acrotaphus t ib ia l i s  (Cameron)
19. Acrodactyla degener (Haliday)
20. Piogaster albina  Perkins
21. Oxyrrhexis carbonator (Gravenhorst)
22. Polyspbincta tuberosa Gravenhorst
23. Sinaracbna p a llip es  (Holmgren)
24. Zatypota percontaria  (Muller)
25. I to p le c t is  alternans  (Gravenhorst)
26. Apecbtbis compunctor (Linnaeus)
27. Pimpla hypocbondriaca (R etzius)
28. Strongylopsis belua (Kuzin)
29. Xanthopimpla regina Morley
30. Tberonia lurida  Tosquinet
31. Perithous scurra  (Panzer)
32. Delomerista mandibularis (Gravenhorst)
33. Pseudorbyssa sternata  M errill
34. D iacritus aciculatus  (Vollenhoven)
35. Poemenia not at a Holmgren
36. Deuteroxoides elevator  (Panzer)
37. Podoschistus sc u te lla r is  (D esuignes)
38. Neoxorides co lla r is  (Gravenhorst)
39. Rhyssa persuasoria  (Linnaeus)
40. Rhysella approximator (F abriciu s)
41. Lytarmes maculipennis (Smith)
42. Epirbyssa flavop icta  (Smith)
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APPENDIX 2

Operational taxonomic units for the rhyssine analyses

1 . R h y s s a  a m o e n a Gravenhorst [P a la e a rc tic ]
2 . R h y s s a  l i n e o l a t a  Kirby [N earctic]
3 . R h y s s a  a l a s k e n s i s  Ashmead [N earctic]
4 . R h y s s a  p e r s u a s o r i a  Linnaeus [H o la rctic ]
5 . R h y s s e I T a ~ ' a p p r o x i m a t o r (F ab ric iu s) [P a la e a rc tic ]
6 . R h y s s e l l a  n i t i d a  (Cresson) [N earctic]
7 . R h y s s e l l a  h u m i d a (Say) [P a la e a rc tic ]
8 . M e g a r h y s s a  e m a r g i n a t o r i a  Thunberg [P a la e a rc tic ]
9. M e g a r h y s s a  n o r t o n i (Cresson) [H o la rctic ]
10. M e g a r h y s s a  p e r l a t a  (C hrist) [P a la e a rc tic ]
11. M e g a r h y s s a  s u p e r h a (Schrank) [P a la ea rc tic ]
12. M e g a r h y s s a  a t r a t a  (F ab ric iu s) [N earctic]
13. M e g a r h y s s a p r a e c e l l e n s  (Tosquinet) [P a la e a rc tic ]
14. M e g a r h y s s a  m a c u r u s (Linnaeus) [N earctic]
15 . M e g a r h y s s a  g r e e n e i (V iereck) [N earctic]
16. S y c h n o s t i g m a  b i r o i (Mocsiry) [O rien ta l]
17. S y c h n o s t i g m a  v u l g a r e  B altazar [O rien ta l]
18. S y c h n o s t i g m a  k e r r i c h i Kamath & Gupta [O rien ta l]
19. S y c h n o s t i g m a  m a la y a n u m Kamath & Gupta [O rien ta l]
20. S y c h n o s t i g m a  h i m a c u l a t u m  (Cameron) [O rien ta l]
21. S y c h n o s t i g m a  s p i l o p t e r a  (Cameron) [O rien ta l]
22. S y c h n o s t i g m a  v a l i d u m  Kamath & Gupta [O rien ta l]
23. S y c h n o s t i g m a  s i l v a t i c u m  Kamath & Gupta [O rien ta l]
24. S y c h n o s t i g m a  m i g r a t o r i a  S eyrig  [Madagascar]
25. M e g a r h y s s a  l a n i a r i a  (Vollenhoven) [O rien ta l]
26. L y t a r m e s  m a c u l i p e n n i s (Smith) [O rien ta l]
27. L y t a r m e s  f a s c i a t u s  (Smith) [O rien ta l]
28. C y r t o r h y s s a  m e s o p h y r r h a (Mocsary) [O rien ta l]
29. S y c h n o s t i g m a sp . [O rien ta l]
30. T r i a n c y r a  s a r o j i n a e  Kamath & Gupta [O rien ta l]
31. T r i a n c y r a sp . [O rien ta l]
32. E p i r h y s s a  d i a t r o p i s  Porter [N eotrop ica l]
33. E p i r h y s s a  m e x i c a n a Cresson [N eotrop ica l]
34. E p i r h y s s a  p h o e n i x  Porter [N eotrop ica l]
35. E p i r h y s s a  i s t h m i a  Porter [N eotrop ica l]
36. E p i r h y s s a  b r a c o n o i d e s Porter [N eotrop ica l]

282



37. E p i r h y s s a  t r i s t i s  (Kreichbaumer) [N eotrop ica l]
3 8 . S y c h n o s t i g m a sp . [E thiopian]
39 . S y c h n o s t i g m a  g h e s q u i e r e i S ey rig  [Ethiopian]
40 . M y l l e n y x i s  m u e l l e r i (V ollenhoven) [O riental]
4 1 . M y l l e n y x i s  b e r n s t e i n i i (Vollenhoven) [O riental]
42 . S y c h n o s t i g m a  v e l e n s i s  B enoit [E thiopian]
43 . S y c h n o s t i g m a sp . [O rien ta l]
44 . S y c h n o s t i g m a sp . [O rien ta l]
45 . S y c h n o s t i g m a sp . [O rien ta l]
46. S y c h n o s t i g m a sp [O rien ta l]
48 . S y c h n o s t i g m a  f l a v o p i c t u m  (Smith) [O riental]
49. S y c h n o s t i g m a  p u m i l u m  Kamath & Gupta [O riental]
50. S y c h n o s t i g m a sp . [O rien ta l]
51 . M y l l e n y x i s  k u c h i n g e n s i s Kamath & Gupta [O riental]
52. S y c h n o s t i g m a  c r u c i a t u m  [as h o lotyp e] (Cameron) [O rien ta l]
53. S y c h n o s t i g m a sp . [E thiopian]
54. E p i r h y s s a  p e r u a n a E nderlein  [N eotrop ica l]
55. E p i r h y s s a  o r a n e n s i s Porter [N eotrop ica l]
56. E p i r h y s s a  t y l o t a  Porter [N eotrop ica l]
57. E p i r h y s s a  c o c h a b a m b a e  Pori&r
58. S y c h n o s t i g m a sp . [South A frican]
59. S y c h n o s t i g m a  m a c u l i c e p s (Cameron) [O riental]
60. T r i a n c y r a  s c a b r a B altazar [O rien ta l]
61. S y c h n o s t i g m a "cruciatum" s e n s u  Kamath & Gupta [O rien ta l]
62. S y c h n o s t i g m a  s i m i l e  B altazar [O rien ta l]
63. S y c h n o s t i g m a  a s s a m e n s e Kamath & Gupta [O riental]
64. S y c h n o s t i g m a  c i n c t u m  B altazar [O rien ta l]
65. S y c h n o s t i g m a  a t r u m Kamath & Gupta [O riental]
66 . S y c h n o s t i g m a  f l a v o b a l t e a t u m  (Cameron) [O riental]
67. S y c h n o s t i g m a sp . [South A frican]
6 8 . T r i a n c y r a  d i v e r s a  (Cushman) [O rien ta l]
69. T r i a n c y r a  m a c u l i c o r n i s (Cameron) [O riental]
70. M y l l e n y x i s sp . [O riental]
71. M e g a r h y s s a  b i c o l o r  B altazar [O rien ta l]
72. M y l l e n y x i s  c a v a Kamath & Gupta [O riental]
73. M y l l e n y x i s  o c e a n i c a (Mocsary) [O rien ta l]
74. S y c h n o s t i g m a  j a p o n i c a  (Cameron) [P a la ea rc tic ]
75. S y c h n o s t i g m a  p e r s i c u u m  Kamath & Gupta [O riental]
77. S y c h n o s t i g m a  a s p e r u m Kamath & Gupta [O riental]
78. E p i r h y s s a  p y r r h a Porter [N eotrop ica l]
79. M y l l e n y x i s  p a p u a n a Kamath & Gupta [O riental]
80. M y l l e n y x i s sp . [O riental]
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APPENDIX 3

Pim pline data  s e t

(0 = plesiom orphy; 1 = apomorphy; -  = s t a t e  unknown)

Taxon
los. Character los.

1 2 .2 3 .2 5 7 8 .2 10 12 1 4 .1 1 5 .1 16 1 8 .1 19 2 1 .1 2 1 .3 2 3 .1 24 .1 25
2 .1 3 . L 4 6 8 .1 9 11 13 1 4 .2 1 5 .2 17 1 8 .2 20 2 1 .2 22 23 .2 2 4 .2

1 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0
2 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 .1 0 0 0 1 1 0 0 0 0 1 0 0
3 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
4 0 1 0 1 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
5 0 1 c) 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0
5 0 1 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0
7 0 1 () 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
3 0 1 () 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
9 0 1 () 0 0 0 1 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 1 0 0 1 0 1 0 0
10 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
11 0 1 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1
12 0 0 () 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 0 0 (1 0 1 0 0
13 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 0 0 0 1 0 1 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0
15 0 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
16 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0
17 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 1
18 1 0 1) 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1 1 1 1 0 0 1 1 1 0 0 1 0 1 0 0
19 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1 1 1 0 1 0 1 0 1
20 0 0 () 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 1 1 0 1 1 0 0 1 1 1 0 0 1 1 1 0 0
21 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 0 0 0 0 1
24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 1 1 1 1 0 0 0 0 0 1
25 1 0 () 0 0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0
26 1 0 () 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
28 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
29 1 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1
30 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1
31 0 1 () 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
32 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 1
33 0 0 1. 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
34 0 0 () 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 1 1
35 0 0 c) 1 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 0 0 0 1 1 0 1 1 0
36 0 0 0 1 1 0 0 0 1 0 0 0 0 1 a 0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 1 0 1 1 0
37 0 0 cI 1 1 0 0 0 1 0 0 0 0 1 0 0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 1 1 1 1 0
38 0 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 1 0 0 0 1 1 1 1 1 1
39 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1
40 0 0 ]l 0 0 1 0 1 0 0 0 0 1 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1
41 0 0 ][ 0 0 1 0 1 0 1 0 0 1 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0
42 0 0 1 0 0 1 0 0 0 1 0 0 1 0 1 0 1 0 1 1 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0
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26 2 7 .2 29 31 3 3 .1 34 36
2 7 .1 28 30 32 3 3 .2 35 37

i 1 0 0 0 0 0 0 0 0 0 1 0 0 0
2 1 0 0 0 0 1-. n 0 0 0 1 0 0 0
3 1 1 0 0 0 0 0 0 0 0 1 0 0 0
4 1 0 0 0 0 0 0 0 0 0 1 0 0 0
5 1 1 0 0 0 0 0 0 0 0 1 0 0 0
6 1 1 1 0 0 0 0 0 0 0 1 0 0 0
7 1 1 0 0 0 0 0 0 0 0 1 0 0 0
3 1 1 0 0 0 0 0 0 0 0 1 0 0 0
9 1 0 0 0 0 1 0 0 0 0 1 0 0 0
10 1 0 0 0 0 1 0 0 0 0 1 0 0 0
11 1 0 0 0 0 1 0 0 0 0 1 0 0 0
12 1 1 0 0 0 1 0 0 1 0 1 0 0 0
13 1 1 0 0 0 1 0 0 1 0 0 0 0 0
14 1 1 0 0 0 1 0 0 1 0 1 0 0 0
15 1 0 0 1 0 1 0 0 0 0 1 0 0 0
16 1 0 0 0 0 1 1 0 1 1 1 0 0 0
17 1 0 0 0 0 1 1 0 1 1 0 0 0 0
18 1 1 0 0 0 1 1 - - - 0 0 0 0
19 1 0 0 0 0 1 1 0 1 1 1 0 1 0
20 1 1 0 0 0 1 1 0 1 1 0 0 1 0
21 1 0 0 0 0 1 1 - - - 1 0 0 0
22 1 0 0 0 0 1

1 1 0 1 1 1 0 0 0
23 1 0 0 0 0 1 1 - - - 1 0 1 0
24 1 1 0 0 0 1 1 0 I 1 0 0 1 0
25 1 0 0 0 0 1 0 1 0 0 1 0 0 0
26 1 0 0 0 0 1 0 1 0 0 0 0 0 0
27 1 0 0 0 0 1 0 1 0 0 0 0 0 0
23 1 0 0 0 0 1 0 - 0 0 0 0 0 0
29 1 0 0 0 0 1 0 1 0 0 0 0 0 0
30 1 0 0 0 0 1 0 0 - - 1 0 0 0
31 1 0 0 0 0 0 0 0 0 0 1 0 0 0
32 1 0 0 0 0 1 0 0 0 0 1 0 0 0
13 0 0 0 1 0 0 0 1 0 0 1 0 0 0
34 0 1 0 0 0 1 0 - - - 0 0 0 0
35 0 1 1 0 0 0 0 - - - 0 1 0 1
36 0 0 0 1 0 1 0 - - - 0 1 0 1
37 0 0 0 1 0 0 0 - - - 0 1 0 1
38 0 0 0 1 0 1 0 0 0 0 0 1 0 0
39 0 0 0 0 1 0 0 0 0 0 0 0 0 0
40 0 0 0 0 1 0 0 0 0 0 0 0 0 0
41 0 1 0 0 1 0 0 - - - 0 0 0 0
42 0 1 0 0 1 0 0 - - - 0 0 0 0

40 42 4 4 .1 45 47 49 51 53
39 41 43 4 4 .2 46 48 50 52 54
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 00 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
o .0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
- 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 1
0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 1
0 1 0 1 1 0 0 0 1 1 1 0 0 0 0 0 1
0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 -

0 0 0 1 l 0 0 0 1 1 1 0 1 0 0 0 1
0 1 0 1 1 0 0 0 1 1 1 0 1 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0
0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 1 0 0 0 0 0 1 1 0 0
1 0 1 1 0 0 0 1 1 1 0 0 0 1 1 0 0
1 0 1 1 0 0 0 1 1 0 0 1 0 1 1 0 0
1 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0 0
1 0 0 0 O '1 0 0 1 0 0 0 1 0 0 1 0
1 0 0 0 0 1 1 0 1 1 0 0 1 0 0 1 0
1 0 0 0 0 1 1 0 1 1 0 1 1 0 0 1 0
1 0 0 0 0 1 1 0 1 1 0 1 1 0 0 1 0
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Khyssine data set (fo r both analyses)
(Characters 51 and 52 are not included in  the -initial analysis)
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APPENDIX 5

Initial LEQPB output for the data sets

1- Initial LEQU output for the Townes data set.

I n c o m p a t ib il i t ie s :  observed expected  r a t io  -  p o lar

1 22 28 .01 0 .7 9 -  0 2 .1 23 38 .41 0 .6 -  0
2 .2 16 27 0 .59 -  0 3 .1 26 29 .56 0 .88 -  0
3.2 21 24 .08 0 .8 7 -  0 4 9 24 .55 0 .37 -  0
5 16 37 .14 0 .43 -  0 6 19 25 .06 0 .76 -  0
7 6 19 .5 0 .3 1 -  0 8 .1 37 38 .07 0 .97 -  0
8.2 27 37 .41 0 .7 2 -  0 9 18 13 .0 5 1.38 -  0
10 16 27 .9 0 .5 7 -  0 11 10 23 .55 0 .42 -  0
12 26 32 .2 0 .8 1 -  0 13 23 13 .05 1.76 -  0
14.1 29 29.66 0 .9 8 -  1 14 .2 34 36 .9 1 0 .92 -  0
15.1 28 32 .9 0 .8 5 -  0 15 .2 34 39 .1 9 0 .87 -  0
16 8 13 .05 0 .6 1 -  0 17 17 34 .93 0 .49 -  0
18.1 31 37 .68 0 .8 2 -  0 18 .2 31 3 8 .1 4 0 .81 -  0
19 8 13.33 0 .6 -  o 20 36 3 8 .9 7 0 .92 -  0
21 .1 27 38 .12 0 .7 1 -  0 21 .2 27 35 .32 0 .76 -  0
21 .3 7 19 .17 0 .37 -  0 22 24 32 .53 0 .74 -  0
23.1 34 39 .14 0 .87 -  0 23 .2 32 33 .86 0 .95 -  0
24.1 33 35 .15 0 .9 4 -  0 24 .2 27 36 .95 0.73 -  0
25 40 39 .24 1 .02 -  0 26 24 35 .3 9 0 .68 -  1
27 .1 39 38 .67 1 .01 -  0 27 .2 13 12 .58 1.03 -  0
28 24 34 .73 0 .69 -  0 29 9 24 .55 0 .37 -  0
30 29 39 .2 0 .74 -  0 31 17 34 .93 0 .49 -  0
32 19 24.87 0 .76 -  0 33 .1 15 29 .51 0 .51 -  0
33.2 : 13 25.83 0 . 5 - 0

Grand t o t a l -  512 681.51 0.75

R ank ing r a t i o s
7 21 .3 4 29 11 5 31 17 33 .2 33.1
10 2. 2 2.1 19 16 26 28 21.1 8. 2 24.2
22 30 6 32 21.2 1 12 18.2 18 .1 15.1
15.2 23 .1 3.2 3.1 14.2 20 24 .1 23.2 8. 1 14.1
27.1 25 27.2 139
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2. Initial LEQU output for the final pimpline data set

I n c o m p a t ib il i t ie s :  observed expected  r a t io  -  p olar
1 29 3 7 . 8 7 0 . 7 7 - 0 2 . 1 26 5 6 . 6 3 0 . 4 6 -  0
2 . 2 25 3 6 . 8 6 0 . 6 8 - 1 3 . 1 33 4 0 . 7 6 0 . 8 1 -  0
3 . 2 32 3 2 . 4 3 0 . 9 9 - 0 4 13 3 2 . 9 1 0 . 4 -  0
5 18 5 3 . 1 7 0 . 3 4 - 0 6 28 3 3 . 4 1 0 . 8 4 -  0
7 8 2 6 . 1 1 0 . 3 1 - 0 8 . 1 50 5 6 . 2 9 0 . 8 9 -  0
8 . 2 38 5 5 . 6 3 0 . 6 8 - 0 9 22 1 7 . 4 6 1 . 2 6 -  0
10 13 3 2 . 9 1 0 . 4 - 0 11 12 3 1 . 9 0 . 3 8 -  0
12 36 4 4 . 5 4 0 . 8 1 - 0 13 26 1 7 . 4 6 1 . 4 9 -  0
1 4 . 1 36 4 0 . 7 9 0 . 8 8 - 3 1 4 . 2 53 5 3 . 6 1 0 . 9 9 -  0
1 5 . 1 39 4 6 . 3 6 0 . 8 4 - 1 1 5 . 2 45 5 8 . 4 4 0 . 7 7 -  1
16 11 1 7 . 4 6 0 . 6 3 - 0 17 21 4 9 . 3 1 0 . 4 3 -  0
1 8 . 1 31 5 8 . 0 6 0 . 5 3 - 0 1 8 . 2 4 1 6 . 9 7 0 . 2 4 -  0
19 11 1 7 . 7 4 0 . 6 2 - 0 20 48 5 7 . 1 9 0 . 8 4 -  0
2 1 . 1 30 5 6 . 9 8 0 . 5 3 - 0 2 1 . 2 30 5 1 . 3 3 0 . 5 8 -  0
2 1 . 3 9 2 5 . 7 8 0 . 3 5 - 0 22 33 4 5 . 9 9 0 . 7 2 -  0
2 3 . 1 44 5 8 . 3 8 0 . 7 5 - 1 2 3 . 2 45 4 8 . 1 9 0 . 9 3 -  1
2 4 . 1 44 5 0 . 4 3 0 . 8 7 - 1 2 4 . 2 42 5 2 . 8 9 0 . 7 9 -  0
25 59 5 7 . 4 4 1 . 0 3 - 0 26 28 5 0 . 6 6 0 . 5 5 -  1
2 7 . 1 54 5 6 . 8 9 0 . 9 5 - 0 2 7 . 2 21 1 6 . 9 9 1 . 2 4 -  0
28 31 3 7 . 7 6 0 . 8 2 - 0 29 13 3 2 . 9 1 0 . 4 -  0
30 41 5 7 . 4 2 0 . 7 1 - 0 31 21 4 9 . 3 1 0 . 4 3 -  0
32 28 3 1 . 4 5 0 . 8 9 - 0 3 3 . 1 18 3 8 . 6 3 0 . 4 7 -  0
3 3 . 2 16 3 2 . 9 9 0 . 4 9 - 0 34 46 59 0 . 7 8 -  0
35 12 3 1 . 9 0 . 3 8 - 0 36 12 3 3 . 1 6 0 . 3 6 -  0
37 12 2 6 . 1 1 0 . 4 6 - 0 38 58 5 5 . 7 8 1 . 0 4 -  1
39 33 5 2 . 5 7 0 . 6 3 - 2 40 16 3 3 . 5 1 0 . 4 8 -  0
41 8 2 6 . 1 1 0 . 3 1 - 0 42 : 13 3 2 . 9 1 0 . 4 -  10
43 19 4 1 . 7 6 0 . 4 5 - 0 4 4 . 1 13 3 2 . 6 4 0 . 4 -  0
4 4 . 2 8 2 5 . 8 5 0 . 3 1 - 0 45 24 3 7 . 2 6 0 . 6 4 -  0
46 38 3 8 . 1 1 - 2 47 41 3 7 . 7 6 1 . 0 9 -  2
48 19 4 1 . 7 6 0 . 4 5 - 0 49 27 2 6 . 1 1 1 . 0 3 -  0
50 32 4 1 . 3 3 0 . 7 7 - 1 51 12 3 1 . 9 0 . 3 8 -  0
52 24 3 7 . 2 6 0 . 6 4 - 0 53 13 3 2 . 9 1 0 . 4 -  0
54 : 17 3 3 . 8  0 . 5 - 0
Grand t o t a l -  906 1342. 09 0 . 6 8
R a n k i n g r a t i o s
1 8 . 2 41 7 4 4 . 2 5 2 1 . 3 36 11 35 51
10 il 29 53 42 4 4 . 1 17 31 43 48
2 . 1 37 33. 1 40 33 . 2 54 21 1 1 8 . 1 26 2 1 . 2
19 39 16 52 45 2 . 2 8. 2 30 22 2 3 . 1
1 1 5 . 2 50 34 2 4 . 2 12 3 . 1 28 6 20
1 5 . 1 2 4 . 1 1 4 . 1 8 . 1 32 2 3 . 2 27 . 1 3 . 2 1 4 . 2 46
25 49 38 47 27 . 2 9 13
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3. Initial LEQU output for the rhyssine data set without male gaster
characters.

I n c o m p a t ib il i t ie s :  observed expected  r a t io  -  polar
1 33 4 6 . 0 1 0 . 7 2 - 9 2 24 3 7 . 4 6 0 . 6 4 - 0
3 18 2 8 . 5 0 . 6 3 - 0 4 14 1 5 . 6 4 0 . 9 - 0
5 0 ~ _ - - 0 6 45 5 3 . 4 0 . 8 4 - 5
7 48 5 5 . 1 4 0 . 8 7 - 0 8 48 5 5 . 0 9 0 . 8 7 - 0
9 58 5 5 . 0 2 1 . 0 5 - 0 10 32 4 4 . 9 8 0 . 7 1 - 0
1 1 . 1 17 3 8 . 9 9 0 . 4 4 - 0 1 1 . 2 21 3 1 . 7 9 0 . 6 6 - 0
12 6 1 5 . 6 4 0 . 3 8 - 0 1 3 . 1 52 5 0 . 0 9 1 . 0 4 - 0
1 3 . 2 31 4 0 . 1 5 0 . 7 7 - 0 14 3 2 8 . 5 0 . 1 1 - 4
15 40 5 3 . 1 0 . 7 5 - 0 16 25 5 1 . 0 3 0 . 4 9 - 1
17 40 5 0 . 4 9 0 . 7 9 - 0 1 8 . 1 3 2 7 . 1 2 0 . 1 1 - 4
1 8 . 2 15 4 3 . 4 9 0 . 3 4 - 1 1 8 . 3 45 5 3 . 2 6 0 . 8 4 - 0
19 13 2 8 . 5 0 . 4 6 - 0 20 34 3 7 . 4 6 0 . 9 1 - 0
21 45 5 4 . 3 6 0 . 8 3 - 0 23 12 1 5 . 6 4 0 . 7 7 - 0
2 4 . 1 43 5 3 . 3 1 0 . 8 1 - 4 2 4 . 2 16 2 7 . 4 8 0 . 5 8 - 0
2 4 . 3 13 2 2 . 5 3 0 . 5 8 - 0 2 5 . 1 18 2 3 . 2 7 0 . 7 7 - 0
2 5 . 2 19 2 8 . 3 5 0 . 6 7 - 0 26 : 0 - - - 0
2 7 . 1 33 5 2 . 6 8 0 . 6 3 - 1 2 7 . 2 39 4 8 . 2 6 0 . 8 1 - 0
28 44 5 0 . 4 9 0 . 8 7 - 0 2 9 . 1 28 3 1 . 3 1 0 . 8 9 - 0
2 9 . 2 46 5 3 . 2 6 0 . 8 6 - 0 30 8 1 5 . 6 4 0 . 5 1 - 0
3 1 . 1 3 2 7 . 7 3 0 . 1 1 - 4 3 1 . 2 44 5 1 . 9 8 0 . 8 5 - 0
3 2 . 1 44 5 2 . 4 2 0 . 8 4 - 0 3 2 . 2 26 4 0 . 1 2 0 . 6 5 - 4
33 3 2 8 . 5 0 . 1 1 - 4 34 15 4 6 . 0 1 0 . 3 3 - 1
35 39 4 6 . 0 1 0 . 8 5 - 0 3 6 . 1 38 5 2 . 6 9 0 . 7  2. - 0
3 6 . 2 32 4 1 . 5 6 0 . 7 7 - 0 38 49 5 5 . 1 7 0 . 8 9 - 0
39 22 4 3 . 8 4 0 . 5 - 0 4 0 . 1 37 4 9 . 1 0 . 7 5 - 0
4 0 . 2 24 3 4 . 3 0 . 7 - 0 41 37 5 0 . 4 9 0 . 7 3 - 0
4 2 . 1 3 28 0 . 1 1 - 0 4 2 . 2 26 4 4 . 4 9 0 . 5 8 - 2
4 3 . 1 36 3 6 . 7 9 0 . 9 8 - 0 4 3 . 2 32 4 3 . 1 7 0 . 7 4 - 0
4 7 . 1 43 4 8 . 5 6 0 . 8 9 - 0 4 8 . 1 44 5 1 . 0 6 0 . 8 6 - 0
4 8 . 2 33 3 6 . 5 5 0 . 9 - 0 49 17 3 9 . 4 2 0 . 4 3 - 0
5 0 . 1  : 12 3 7 . 1 4  0 . 32  -  0 5 0 . 2 : 24 28 . 18 0 . 8 5  -  0

Grand t o t a l  - 856 1215.36 0.7
R ank ing r a t i o s
5 26 33 14 42.1 31.1 18.1 50.1 34 18.2
12 49 11.1 19 16 39 30 24.3 24.2 42.2
27.1 3 2 32.2 11.2 25.2 40.2 10 1 36.1
41 43.2 15 40.1 23 36.2 13.2 25.1 17 24.1
27.2 21 32.1 6 18.3 31.2 35 50.2 48.1 29.2
7 8 28 47.1 38 29.1 4 48.2 20 43.1
13.1 9
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4. Initial LEQU output for the rhyssine data set with male gaster
characters. '

I n c o m p a t ib il i t ie s :  observed expected  r a t io  -  polar
1 33 4 7 . 7 9 0 . 6 9 - 9
3 18 2 9 . 4 5 0 . 6 1 - 0
5 0 - - - 0
7 50 5 7 . 1 4 0 . 8 8 - 0
9 60 5 7 . 0 2 1 . 0 5 - 0
1 1 . 1 17 4 0 . 4 6 0 . 4 2 - 0
12 6 1 6 . 1 5 0 . 3 7 - 0
1 3 . 2 31 4 1 . 7 1 0 . 7 4 - 0
15 40 5 5 . 0 8 0 . 7 3 - 0
17 40 5 2 . 4 3 0 . 7 6 - 0
1 8 . 2 17 4 5 . 2 3 0 . 3 8 - 1
19 13 2 9 . 4 5 0 . 4 4 - 0
21 45 5 6 . 3 6 0 . 8 - 0
2 4 . 1 45 5 5 . 3 1 0 . 8 1 - 4
2 4 . 3 13 2 3 . 2 9 0 . 5 6 - 0
2 5 . 2 19 2 9 . 3 0 . 6 5 - 0
2 7 . 1 33 5 4 . 6 7 0 . 6 - 1
28 46 5 2 . 4 3 0 . 8 8 - 0
2 9 . 2 48 5 5 . 2 5 0 . 8 7 - 0
3 1 . 1 3 2 8 . 6 8 0 . 1 - 4
3 2 . 1 45 5 4 . 4 1 0 . 8 3 - 0
33 3 2 9 . 4 5 0 . 1 - 4
35 39 4 7 . 7 9 0 . 8 2 - 0
3 6 . 2 32 4 3 . 1 9 0 . 7 4 - 0
39 22 4 5 . 5 2 0 . 4 8 - 0
4 0 . 2 24 3 5 . 5 6 0 . 6 8 - 0
4 2 . 1 3 2 8 . 9 6 0 . 1 - 0
4 3 . 1 38 3 8 . 1 6 1 - 0
4 7 . 1 45 5 0 . 4 4 0 . 8 9 - 0
4 8 . 2 33 3 7 . 9 2 0 . 8 7 - 0
5 0 . 1 12 3 8 . 5 1 0 . 3 1 - 0
51 : 16 4 7 . 7 9  0 .33 -  0 52

Grand t o t a l  - 886 1306. 48 0 . 6 8

R a n k i n g
5 26 33 14 4 2 . 1
34 12 1 8 . 2 49 11 . 1
4 2 . 2 2 4 . 2 2 7 . 1 3 2
1 3 6 . 1 41 4 3 . 2 4 0 . 1
17 27 . 2 21 2 4 . 1 18. 3
6 29 . 1 4 29. 2 48 . 2
20 43 . 1 13 . 1 9

2 24 3 8 . 8 3 0 . 6 2 - 0
4 14 1 6 . 1 5 0 . 8 7 - 0
6 47 5 5 . 3 9 0 . 8 5 - 5
8 50 5 7 . 0 9 0 . 8 8 - 0
10 32 4 6 . 7 2 0 . 6 8 - 0
1 1 . 2 21 3 2 . 9 0 . 6 4 - 0
1 3 . 1 54 5 2 . 0 3 1 . 0 4 - 0

14 3 2 9 . 4 5 0 . 1 - 4
16 25 5 2 . 9 8 0 . 4 7 - 1
1 8 . 1 3 2 8 . 0 7 0 . 1 1 - 4
1 8 . 3 45 5 5 . 2 6 0 . 8 1 - 0
20 36 3 8 . 8 3 0 . 9 3 - 0
23 12 1 6 . 1 5 0 . 7 4 - 0
2 4 . 2 16 2 8 . 4 3 0 . 5 6 - 0
2 5 . 1 18 2 4 . 0 4 0 . 7 5 - 0

26 0 - - - 0
2 7 . 2 39 5 0 . 1 6 0 . 7 8 - 0
2 9 . 1 28 3 2 . 4 2 0 . 8 6 - 0
30 8 1 6 . 1 5 0 . 5 - 0
3 1 . 2 44 5 3 . 9 6 0 . 8 2 - 0
3 2 . 2 27 4 1 . 6 7 0 . 6 5 - 4
34 17 4 7 . 7 9 0 . 3 6 - 1
3 6 . 1 38 5 4 . 6 8 0 . 6 9 - 0
38 51 5 7 . 1 7 0 . 8 9 - 0
4 0 . 1 37 5 1 . 0 2 0 . 7 3 - 0
41 37 5 2 . 4 3 0 . 7 1 - 0
4 2 . 2 26 4 6 . 2 3 0 . 5 6 - 2
4 3 . 2 32 4 4 . 8 5 0 . 7 1 - 0
4 8 . 1 44 5 3 . 0 2 0 . 8 3 - 0
49 17 4 0 . 8 9 0 . 4 2 - 0
5 0 . 2 24 2 9 . 1 3 0 . 8 2 - 0
: 14 44 . 18  0 . 3 2  -  0

3 1 . 1 1 8 . 1 5 0 . 1
r a t i o s  

52 51
19 16 39 30 24 . 3

1 1 . 2 3 2 . 2 2 5 . 2 4 0 . 2 10
15 36 . 2 23 1 3 . 2 2 5 . 1
3 1 . 2 35 5 0 . 2 3 2 . 1 4 8 . 1
7 8 28 38 4 7 . 1
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APPENDIX 6

Emergence records from Thompson (numbers of each sex and totals per 
year)

(T o ta ls  shown week by w eek. Week 1 = 2 2 -2 9 th  A p r il)
1955 1956 1957

Week t o t m ale fem ale t o t m ale fem ale t o t male fem ale
1 0 0 0 0 0 0 17 15 2
2 0 _ 0 0 0 0 0 12 11 1
3 44 39 5 2 43 9 22 14 8
4 30 20 10 1 49 12 v 41 32 19
5 98 57 41 7 33 24 37 19 18
6 72 27 45 5 17 8 34 12 22
7 45 12 33 6 5 1 15 2 13
8 20 5 15 3 1 2 10 3 7
9 7 4 3 1 0 0 10 9 1
10 0 0 0 2 1 0 11 10 1
11 5 4 1 3 2 0 5 3 2
12 6 6 0 1 3 0 4 2 2
13 5 5 0 0 1 0 1 0 1
14 0 0 0 0 0 0 2 0 2
15 0 0 0 0 0 0 1 1 0
16 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 1 1 0

1958 1959 1960
Week t o t male fem ale t o t male fem ale t o t male fem a le
1 0 0 0 79 74 5 0 0 0
2 0 0 0 143 131 12 3 3 0
3 1 1 0 249 182 67 151 120 31
4 6 4 2 76 42 34 138 93 45
5 18 13 5 106 65 41 129 79 50
6 7 6 1 32 15 17 50 25 25
7 12 7 5 8 4 4 4 2 2
8 7 2 5 19 14 5 7 4 3
9 1 0 1 32 30 2 13 12 1
10 0 0 0 47 45 2 16 15 1
11 0 0 0 63 59 4 21 19 2
12 2 2 0 9 8 1 12 11 1
13 0 0 0 3 3 0 12 11 1
14 2 2 0 1 0 1 2 1 1
15 0 0 0 1 1 0 2 1 1
16 0 0 0 3 3 0 2 1 1
17 0 0 0 2 2 0 2 1 1
18 0 0 0 0 0 0 2 1 1

2 9 3



APPENDIX 7 .
For ey in g  and male (raster d a ta .
(Forewing len g th  (mm): t e r g i t e  5 len g th  (mm): t e r g i t e  5 w idth (mm)) 
Megarhyssa greenei Rhyssa persuasoria

Lytarmes maculipennis

16

Megarhyssa emarginatori a

2 9 4 .



Epirhyssa flavopictum

Epirhyssa sp . 29

Epirhyssa mexicana

Epirhyssa phoenix

Rhyssella o b lite ra to r

Rhyssa lin eo la ta

Lytarmes fa sc ia tu s

A d d itio n a l specim ens

17.114.0
m

12:8
12:1

18:2 11:1
i!:3 11:3
11:8 11:2

11:2
m 13:1

18:1
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