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S U M M A R Y  

Multivariate analyses of workers  of the Old World army ant genus Aenictus were 
used to investigate taxonomic s t ructure  inherent  in the  morphological  data  gathered. 
Results were  compared  to subgeneric and species groupings suggested in earlier taxo- 
nomic studies and to the known geographic ranges of the included species. African 
Aenictus fo rm a distinct phenetic subgroup as do Asian species previously assigned 
to the subgenus Typhlatta. Other Asian species show an affinity for  ei ther  the African 
species or  the Typhlatta group. Of the five species groupings identif ied in art earlier 
taxonomic work, the  "' currax "', "" laeviceps ", and " w r o u g h t o n i "  groups are  clearly 
revealed to be phenetically distinctive. How these results  will affect the classification 
of the genus, especially at the subgeneric level, depends on fur ther  character  analysis. 

R E S U M E  

Etudes quantitatives sur des ouvri~res des fourmis voyageuses 
de I'ancien monde du genre Aenictu,s (Hymenoptera: Formicidae) 

Des analyses multivari6es sur  des ouvri~res de la fourmi voyageuse de l 'ancien 
monde  du genre Aenictus, ont permis d '6tudier la s t ruc ture  taxonomique r e s so r t an t  des 
dorm6es morphologiques accumul6es. Les r6sultats ont  6t6 compares aux regroupements  
subg6n~riques et sp6cifiques sugg6r~s par  des 6tudes taxonomiques ant6rieures ainsi 
qu 'aux appar tenances  g~ographiques connues des esp~ces 6tudi6es. Les Aenictus d'Afrique 
fo rment  un  sous-groupe ph6n6tique dist inct  comme le font  des esp~ces asiatiques pr6- 
c6dernment rang6es darts le sous-genre Typhlatta. D'autres esp~ces asiatiques mont ren t  
une affinit6 soit pour  les esp~ces africaines, so i t  pour  le groupe TyphIatta. Parmi les 
cinq groupements  d'esp~ces identifi6s par  une 6tude taxonomique ant6rieure, les grou- 
pements  ,~ currax ~,, ,< laeviceps ~, et ,~ ~vroughtoni ~ apparaissent  clairement comme dis- 
tincts. L'effet  de ces r6sultats sur  la classification sous-g6n6rique du genre d6pendra 
d 'autres  analyses de caract6res. 
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I N T R O D U C T I O N  

Ants t radi t ional ly  re fe r red  to as " t rue  '" a rmy  ants are cur ren t ly  placed 
in two dist inct  ant  subfamilies. The New World  species cons t i tu te  the 
Ecitoninae,  while  the Old World forms comprise  the Dorylinae. This pla- 
cement  reflects  the belief among myrmecologis ts  tha t  the constel la t ion of 
morphologica l  and behavioral  character is t ics  shared  by  the New and  Old 
World  forms and used to define the t rue  a rmy  ants were  ar r ived at  conver- 
gently in the two groups (GoTWALD, 1982). This evolut ionary scenario is fur- 
the r  compl ica ted  by  the fact that  the Dorylinae consists of two genera, Dorylus 
and Aenictus, which  may  also have arisen independent ly  of each other.  
GOTWALD (1979) hypothesized an early Ter t ia ry  origin for  bo th  genera :  
Aenistus arising in tropical  Laurasia and Dorylus on the African continent .  
Thus, the t rue  a rmy  ants may  be tr iphyletic.  

Because Aenictus is well represented  th roughout  the Old Wor ld  tropics,  
and Dorylus with  only 4 species r ecorded  f rom the Indo-Australian area is 
not,  Aenictus is of special interest  in te rms of dispersal  and speciations 
events. Although WILSON (1964) taxonomical ly revised the Indo-Australian 
dorylines,  Aenictus species of the Middle Eas t  and Africa have received 
scant  at tent ion.  EMERY (1910) conducted the last extensive taxomomic  review 
Of Aenictus, and WHEELER (1930) examined the subgeneric  s t ruc ture  of the 
genus. In  his revision, WILSON (1964) regarded  Wheeler 's  subgeneric  dis- 
t inct ions as " no longer tenable ", but  poin ted  out  that  phylogenet ic  analysis 
of the genus resul ted  in a " loose clustering of the species into 5 informal  
' g r o u p s '  " 

Thir ty-four  species of Aenictus, known f rom the w o rk e r  caste, are 
r eco rded  f rom the Indo-Australian area, and approximate ly  15 f rom the 
African cont inent  (WILSON, 1964). Although numerous  species based solely 
on males have been described, it is not  known how many  of the independent  
w o r k e r  and male  descriptions represent  synonymies (GOTWALD, 1982). One 
of  us (WHG) is current ly  revising the African species of Aenictus, but  a 
thorough  revision is not  possible wi thout  reexaminat ion  of the ent i re  genus. 

Because previous quanti tat ive studies (GOTWALD and BARR, 1980; BARR 
and GOTWALD, 1982; BARR et al., 1985) of the genus Dorylus have yielded 
resul ts  of bo th  pract ical  and heuris t ic  value in the search fo r  a pract ical  
subgener ic  classification, it was decided to subject  the workers  of  the genus 
Aenictus to an identical  set of analyses. The objectives of the research  were  
1) to examine phenetical ly Aenictus workers  f rom Africa and Asia as a uni- 
f ied group fo r  the first  time, 2) to d e t e r m i n e  the morphological  affinities of 
the included species, 3) to ascertain if the species clusters tha t  resul t  f rom 
the analysis cor respond  to the previously identif ied taxonomic categories, 
and 4) to de te rmine  the degree to which the African and Asian populat ions  
di f fer  f rom one another .  
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M E T H O D S  

Methods used in this study conform to a s tandard  set of multivariate statistical 
procedures  adopted by the authors  for  taxonomic analyses of three phena of the  related 
genus, Dorylus (GoTWALD and BARR, 1980; BARR and GOTWALD, 1982; BARR et al., 1985). 
In the earliest paper  of the series, the analytical techniques chosen were  discussed in 
more  detail, and the rationale for  their  use demonstra ted.  The same set of procedures  
has been re ta ined for our  prel iminary investigation of the phenetic relationships of 
species of Aenictus to ensure that  results  would be comparable  wi th  those of previous 
studies. 

A set of fifty-three characters (see Appendix 1) was used to describe the workers  
of each of the forty-two species of Aenictus examined in the study repor ted  here. In- 
cluded were  metric,  meristic,  and ordered mult is ta te  characters  as well as several 
s tandard  myrmecologicai indices. A complete set of raw data scores for  all characters  
on each of the species included in this s tudy is available f rom ei ther  author.  

Aenictus workers  are small, vary in color f rom a fight yellow through orange, 
reddish b rown and black, and do not  display any pronounced size polymorphism 
(fig. 1). As is t rue with the army ants of the subfamilies Dorylinae and Ecitoninae, 
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(with teeth) 
Fig. 1. - -  Morphology of worker  of Aenictus sp. (legs and pilosoty omitted) showing 

major  regions f rom which characters were  drawn for  this study. 

Fig. 1. - -  Morphologie d 'une ouvriEre d'Aenictus sp. (omettant  les pat tes  et la pilosit6) 
mon t r an t  les regions majeures dont  les caractEres sont tires pour  cette 6rude. 
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Aenictus can b e  d is t inguished f rom o t h e r  ants  by  the  f ronta l  car inae  wh ich  are  ra ised  
and  which  lack the  la tera l  expansions  typical of mos t  o the r  ants .  Therefore,  w h e n  the  
head  is viewed dorsally,  the  an tennaI  inser t ions  a re  exposed. Aenictus possesses  a two- 
segmented  wais t  and  thus  canno t  he  confused wi th  Dorylus a n d  i ts  s ingle-segmented 
waist .  

The exempla r  m e t h o d  for  charac ter iz ing  species has  p roven  serviceable  in  our  
taxonomic  s tudies  of a rmy  an ts  ( B ~ x  and  Gorw~D, 1982), was essential  for  the  work  on 
Dorylus queens (BARR et al., 1985) and  has  been  cont inued  here.  The t echn ique  is 
always potent ia l ly  indispensable  w h e n  dealing w i th  species which  are poor ly  represen ted  
in collections. 

All met r ic  cha rac t e r s  ( those m a r k e d  w i th  an  as ter i sk  in the  appendix)  were  f i rs t  
t r ans fo rmed  to ra t ios  of a s t anda rd  size measure ,  because this  me thod  of reducing  the  
influence of overal l  size on  the  resul t ing  phenograms  and  ord ina t ions  was  found  mos t  
effective in our  previous  studies (e.g., GOTWAt~ and  BARR, 1980). To m a i n t a i n  consis tency 
wi th  t ha t  ear l ier  w o r k  on  the  genus Dorylus, p r o f e m u r  length  was  chosen as the  general  
size ind ica tor  for  met r ic  t r ans fo rmat ions .  

Next, all da ta  in  the  t r ans fo rmed  set  were s tandard ized  to deviat ions  f rom the  
cha rac t e r  means  in un i t s  of s t anda rd  deviation.  The s tandard ized  da tase t  was  t h e n  used 
to calculate average taxonomic  dis tance  f rom each species to every o the r  species, and  
also the  p roduc t -momen t  corre la t ion  coefficients be tween  all  pa i rs  of species. The 
unweighted  pa i r  group m e t h o d  on  averages (UPGMA) was appl ied to the  s imilar i ty 
measures  genera ted  by b o t h  techniques,  resu l t ing  in s t anda rd  p h e n o g r a m  plots  demons- 
t r a t ing  c lus ter ing of the  species by phenet ic  similari ty.  

As a tes t  of the  accuracy of the  ar t i f icial  boundar ies  imposed by c lus ter ing methods ,  
two ord ina t ion  procedures ,  also based  on  the  s tandard ized  data ,  were  employed to pro- 
vide a con t inuous  r ep resen ta t ion  of species re la t ionships .  The f i rs t  t h ree  componen t  
axes indica ted  by  pr incipal  componen t s  analysis (PCA) were used  to define a three- 
d imensional  a t t r i b u t e  (A) space in which  the  species can  be  a r rayed  on  the  basis  of the i r  
or thogonal  cha rac t e r  project ions.  Our  experience wi th  d is tor t ions  in taxonomic  data  
in t roduced  by  PCA, however,  suggested t ha t  f inal  resul ts  should  be  f u r t h e r  ad jus ted  
by  non-metr ic  mul t id imens iona l  scaling (MDS), w i th  the  MDS ord ina t ion  fu r t he r  ro t a t ed  
to  a l ignment  w i th  the  f i r s t  th ree  PCA axes. The MDS ord ina t ion  was  p lo t t ed  as a three- 
d imens iona l  g raph  so t ha t  s imilar i ty  re la t ionships  would appear  as c lus ters  of species in 
the  A space. As a f inal  object ive tes t  of the  appa ren t  clusters  p roduced  by  MDS, a 
m i n i m u m  spann ing  t ree  based  on  average taxonomic  distances ass is ted in  visual izing any 
dis tor t ion.  All p rocedures  were  discussed by  S~EATH and  SOKaL (1973). 

Computa t ions  were  carr ied out  on the  IBM 3033 compu te r  at  the  Universi ty of 
Toronto.  All mul t iva r i a t e  procedures  were  pe r fo rmed  wi th  the  NTSYS p rog ram package 
(R0rmy et al., 1972). The  three-dimensional  perspect ive  plot  of the  MDS o rd ina t ion  was 
p roduced  by  the  p r o g r a m  PHYSETER, wr i t t en  by  Ralph Gibson at  the  Univers i ty  of 
Toronto .  

Some of the  species included in this  s tudy are present ly  undescr ibed  and  o thers  may 
change in  s ta tus  w h e n  the  revis ion of African species is complete.  In  consequence,  i t  is 
mos t  convenien t  to  r e fe r  to all species by  number ,  a l though those  forms  wh ich  represen t  
relat ively well  u n d e r s t o o d  names  are  l is ted in Appendix 2. Appendix 3 records  the  sub- 
divis ion of inc luded  species by  i) geographic  range,  ii) W r i ~ g ' s  (1930) subgener ic  
groupings  and  iii) WILSON'S (1964) species groupings.  
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RESULTS 

T h e  m e t h o d s  e m p l o y e d  he re ,  of  c ou r se ,  p r o v i d e  o n l y  a n  e x p l o r a t o r y  
v i ew of  s t r u c t u r e  i n h e r e n t  in  t he  t a x o n o m i c  da t a .  T h e  r e l a t i v e  p h e n e t i c  
a f f i n i t i e s  o f  t h e  Aenictus spec i e s  so d i s c l o s e d  m a y  t h e n  p r o v i d e  t h e  a p p r o -  
p r i a t e  o v e r v i e w  r e q u i r e d  as  p r e p a r a t i o n  f o r  a r e v i s i o n  o f  t h e  A f r i c a n  spec ies ,  
a n d  a c l a d i s t i c  a n d  z o o g e o g r a p h i c  ana lys i s  o f  t he  genus .  

The  p h e n o g r a m  g e n e r a t e d  b y  UPGMA c l u s t e r i n g  f r o m  a v e r a g e  t a x o n o m i c  
d i s t a n c e s  (fig. 2) d e m o n s t r a t e s  f ive r e l a t i v e l y  i s o l a t e d  s p e c i e s  (23, 26, 4 a n d  
t h e  p a i r ,  11 and16)  a n d  t w o  m a j o r  c l u s t e r s  ( l e t t e r e d  on  t h e  p h e n o g r a m  as  A 
a n d  B). T h e  f o r m e r  g r o u p ,  c o n s i s t i n g  of  twe lve  spec ies ,  is  r e l a t i v e l y  u n i f o r m ,  
b u t  t he  s e c o n d  g r o u p ,  of  twen ty - f ive  spec ies ,  c o n s i s t s  o f  a t  l e a s t  t w o  m a j o r  
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Fig. 2. - -  Phenogram produced 
by UPGMA clustering of 
average taxonomic distan- 
ces calculated on the 
transformed data. Matrix 
correlation (cophenetic cor- 
relation) r = .747. 

Fig. 2. - -  Dendrogramme r6sul- 
tant du regroupement 
UPGMA des distances 
taxonomiques moyennes, 
calcul6es sur les donn6es 
transform6es. Matrice cor- 
r61de (corrdlation coph~- 
ndtique) r = .747. 
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s u b - c l u s t e r s  (B1 a n d  B2) a n d  a n u m b e r  o f  m o r e  o r  less  i d e n t i f i a b l e  sub-  
g r o u p s  w i t h i n  t h e  f i r s t .  W h e n  c o m p a r e d  w i t h  i n f o r m a t i o n  o n  g e o g r a p h i c  
o r ig in ,  t h i s  a n a l y s i s  p l a c e s  a l l  A f r i c a n  s p e c i e s  w i t h i n  s u b g r o u p  ' B  ', a n d  a l l  
A s i a n  s p e c i e s  o f  W h e e l e r ' s  s u b g e n u s  Typhlatta ( excep t  f o r  sp.  4) w i t h i n  
s u b g r o u p  ' A  '. T h e  r e m a i n i n g ,  non-Typhlatta A s i a n  spe c i e s  a r e  s c a t t e r e d  
a c r o s s  a l l  t h e  m a i n  s u b g r o u p s ,  b u t  spe c i e s  26, w h i c h  is t h e  so le  r e p r e s e n t a t i v e  
o f  W h e e l e r ' s  s u b g e n u s  Paraenictus, is  w e l l  s e p a r a t e d  f r o m  t h e  o the r s .  

P r o d u c t  m o m e n t  c o r r e l a t i o n  c oe f f i c i e n t s  y i e l d  a m o r e  b a l a n c e d  h i e r a r -  
c h i c a l  U P G M A  p h e n o g r a m  (see fig. 3), w i t h  a n e s t e d  s t r u c t u r e  o f  g r o u p s  
l e t t e r e d  in  t h e  p h e n o g r a m  as  f o l l o w s  : A, B (U [W, X] ,  V [Y, Z]) .  Again ,  t h e  
A s i a n  Typhlatta a l l  o c c u r  t o g e t h e r  in  g r o u p  ' A  ', b u t  a l t h o u g h  a l l  A f r i c a n  
spec i e s  o c c u r  in  g r o u p  ' B  ', t hey  a r e  d i s t r i b u t e d  a m o n g  the  t h r e e  s u b g r o u p s ,  
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Fig. 3. - -  Phenogram pro- 
duced by UPGMA clus- 
tering of product too- 
ment correlation coef- 
ficients "calculated on 
the transformed data. 
Matrix correlation r = 
.708. 

Fig. 3. - -  Dendrogramme r6- 
sultant du regroupe- 
ment UPGMA des coef- 
ficients de corr61ation, 
calcul6s sur les don- 
n6es transform6es. Ma- 
trice corr616e r = .708. 
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' X ' ,  ' Y '  a n d  ' Z ' .  As i an  spe c i e s  f r o m  W h e e l e r ' s  s u b g e n u s  Aenictus ( sensu  
s t r i c t u )  o c c u r  in  a l l  m a j o r  s u b g r o u p s  o f  th i s  p h e n o g r a m ,  a n d  s p e c i e s  26 (Pa- 
raenictus) a p p e a r s  as  an  u n r e m a r k a b l e  m e m b e r  of  t he  r e l a t i v e l y  u n i f o r m  

s u b g r o u p ,  ' U '. 
The  PCA a n a l y s e s  a r e  n o t  r e p o r t e d  in  d e t a i l  he re ,  a n d  w e r e  u s e d  b y  u s  

p r i m a r i l y  to  e s t a b l i s h  t he  t h r e e  p r i m a r y  axes  of  v a r i a t i o n  ( f i r s t  t h r e e  p r in -  
c i p a l  c o m p o n e n t s )  a n d  as  a s e e d  f o r  t h e  MDS p r o c e d u r e .  T h e  f i r s t  t h r e e  
p r i n c i p a l  c o m p o n e n t s  a c c o u n t e d  fo r  50.9 % of  t o t a l  v a r i a t i o n  (a r e d u c t i o n  
f r o m  60.4 % w h i c h  was  d e m o n s t r a t e d  in  a p a r a l l e l  a n a l y s i s  o f  t h e  r a w  

d a t a s e t ) .  
The  t r a n s f o r m a t i o n  of  all m e t r i c  c h a r a c t e r s  ( a p a r t  f r o m  p r o f e m u r  

l eng th )  to  r a t i o s ,  m e a n s  t h a t  a l l  t h r e e  p r i n c i p a l  c o m p o n e n t  axes  n o w  
e x p r e s s  v a r i a t i o n  in  s h a p e  r a t h e r  t h a n  p r i m a r i l y  in  size (GoTWALD a n d  BARR, 
1980). C o m p o n e n t  axis  I a c c o u n t e d  f o r  27.5 % of  t o t a l  v a r i a t i o n  a n d  ex- 
p r e s s e d  p r i m a r i l y  the  i n f l u e n c e  o f  c h a r a c t e r s  f r o m  the  h e a d  ( i n c l u d i n g  an- 
t ennae )  a n d  p e t i o l a r  r eg ions ,  w i t h  a f e w  c h a r a c t e r s  l o a d i n g  h e a v i l y  ( e i t he r  
p o s i t i v e l y  o r  nega t ive ly )  f r o m  t r u n k  ( t h o r a x  § p r o p o d e u m )  a n d  legs.  The  
s e c o n d  p r i n c i p a l  c o m p o n e n t  ax is  s u m m a r i z i n g  12.6 % of  t o t a l  v a r i a t i o n  ex- 
p r e s s e s  s u b s t a n t i a l  i n f l u e n c e  f r o m  t h e  t r u n k  r e g i o n  as  w e l l  as  e x o s k e l e t a l  
c o l o r a t i o n ,  w i t h  l e s s e r  c o n t r i b u t i o n  f r o m  c h a r a c t e r s  of  t h e  h e a d ,  legs a n d  
pe t io l e .  C o m p o n e n t  axis  I I I  a c c o u n t e d  f o r  on ly  10.9 % of  t o t a l  v a r i a t i o n  a n d  
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Fig. 4. - -  Nonmetric multidimensional scaling ordination of 42 Aenictus workers in the 
A space defined by the first three component axes (I, II,  III),  based on average 
taxonomic distances calculated on the trmnsformed data (stress = .240). Matrix 
correlation r = .962. 

Fig. 4. - -  Ordination non-mdtrique en 6chelle multidimensionnelle des 42 ouvri~res du 
genre Aenictus dans l'espaee <c A >>, ddfini par  les trois premiers axes des compo- 
santes (I, II,  III), bas6s sur les distances taxonomiques moyennes calcu!des sur 
les donn6es transformdes (~, force ~, = .240). Matrice de corr61ation r = .962. 
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was  inf luenced p r imar i ly  by  charac te r s  f r o m  the head  and  m o u t h p a r t s  and  
secondar i ly  by  legs, pet iole and  colorat ion.  

The  resu l t s  of  the MDS analysis  a re  p lo t ted  in f igure  4, wi th  the  three  
axes of the  A space  descr ibed above  label led I, I I  and  I I I .  The for ty- two 
species are  c lus tered  densely, wi th  species 4 and  23 the  only conspicuous  

ouf l i e r s .  Based  on geographic  origin, only Asian "' Typh la t t a  '" species are  
m o d e r a t e l y  well  clustered,  wi th  species 4 sepa ra ted  f r o m  the ma in  group.  
.The African species a p p e a r  in a t  least  three  a p p a r e n t  c lusters  and  the 
n o n - "  Typh la t t a  '" Asian species are  sca t te red  throughout .  A e n i c t u s  s i lvestr i i  
(26) occurs  nea r  the  edge of the mos t  densely popu la t ed  area,  bu t  other- 
wise  i t 's  pos i t ion  is not  r emarkab le .  

DISCUSSION 

In  examining the  resul ts  of ou r  analyses,  we have  concen t ra ted  on  the 
degree  of cor re la t ion  wi th  the  ear ly classif icat ion of WHEELER (1930) and  the 
known  geographic  ranges  of  the included species. The ag reement  is not  at  

a l l  impress ive ,  a l though the African species show modes t  coordina t ion  in the 
p h e n o g r a m  of average  taxonomic  distances (fig. 2) and the "' Typh la t ta  " 
group  of species shows subs tant ia l  cohesiveness in all three  analyses.  
Whee le r ' s  subgenus  Paraenictus ,  however ,  c rea ted  for  the single species, 
A. silvestrii ,  is no t  clearly dis t inguished f r o m  o ther  subgroups .  

The m o r e  recent  classif icat ion of WILSON (1964), a l though it  ignores the 
Afr ican species and  stops shor t  of a fo rma l  subgener ic  classification, pro- 
poses  some i m p r o v e m e n t s  over  WHEELER'S (1930) revision. WILSON'S s tudy 
inc luded bo th  phenet ic  and  cladist ic analyses,  wi th  a relat ively close cor- 
r e spondence  be tween  the resul ts  of  the two methods .  As WILSON suggested,  
i t  p roves  ins t ruct ive  to com pa re  the five in formal  species groupings  p roposed  
by  WILSON (wroughton i ,  currax, pachycerus ,  laeviceps and ceylonicus)  with  
the t axonomic  s t ruc tu re  revealed by  ou r  m o r e  detai led analyses.  WILSON'S 
"" currax  "' and  " laeviceps " groups  contain all of  the " T y p h l a t t a "  species 
and  m o r e o v e r  explain the separa t ion  of species 4 and  13 ( laeviceps group)  
f r o m  the o the r  " Typh la t ta  "" species. WILSON'S " w r o u g h t o n i  " group appea r s  
to be  an  especial ly  well-defined phenet ic  unit ,  c lus ter ing t ightly in bo th  phe- 
no g ram s  and  a little less so in the MDS ordinat ion.  

WILSON'S s tudy  (1964) seems to have been  successful  in ident ifying two 
o the r  relat ively un i fo rm  groups,  "' pachycerus  "" and '" cey lonicus  "', bu t  our  
resu l t s  suggest  tha t  in considering fo rma l  subgener ic  classif icat ion fo r  the 
genus,  these g roups  m a y  require  addi t ional  subdivision,  in pa r t  along geo- 
g raphic  Hnes. " Pachycerus  " species 24, 10, 7, 27 and  30 are  well  s epa ra ted  
f r o m  the res t  of  the g roup ,  and  " ceylonicus  " species 25 and  18 (as well, 
p e r h a p s  as 40, 16, 11, 34 and 23) are  phenet ica l ly  dist inctive f r o m  the res t  
of  tha t  group.  
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Fig. 5. - -  Schematic representat ion of phenetic affinities of Aenictus spp. determined 
in the present  study with the min imum spanning tree superimposed.  Line lengths 
are in units  of average taxonomic distance. Broken lines define species groups 
such tha t  aU exgroup nearest  neighbou(  distances exceed those wi thin  groups 
(see text). 

Fig. 5. - -  Repr6sentat ion sch6matique, pour  cette 6tude, des affinit6s ph6n6tiques des 
esp~ces du genre Aenictus, avec l 'arbre embrassant  minimum superpos6. Les 1011- 
gueurs des lignes sont  exprim6es en unit6s de distance taxonomique moyenne.  
lignes discontinues d6finissent des groupes d'esp~ces tel que toute distance avec 
le groupe le plus proche est sup6rieure aux distances intra-groupes (voir texte). 
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Figure  5 r ep resen t s  a type of d i ag rammat i c  r ep resen ta t ion  of all of our  
resul ts  which  we have  found useful  in summar iz ing  logical conclusions  f rom 
the less than  prec i se  findings of  a suite of  analyses.  I t  is based  u p o n  the 
MDS ord ina t ion  ( reduced to two dimensions)  and  the  resul ts  of clustering,  
wi th  the m i n i m u m  spanning t ree  of  neares t  ne ighbour  dis tances  (based  on 
average  t axonomic  distance) super imposed .  Broken  lines have  been used  to 
define species groups,  each group  consist ing of those  species wi th  inter- 
species nea res t  ne ighbour  dis tances  shor t e r  than  inter-species dis tances  
outs ide  the groups .  With this large and  complex  genus,  two  levels of 
g rouping  have  been  used, based  on three  inter-species ATD ranges  ( <  .800, 
.801 - -  .899, and  > .899). 

When  the  zoogeographic  considera t ions  and  the WHEELER and  WILSON 
subgener ic  groupings  are  c o m p a r e d  wi th  f igure  5, i t  is c lear  tha t  our  
analyses  explain a good deal of  the range of var ia t ion  found  in this genus. 
Afr ican A e n i c t u s  are  all associa ted with  a dis t inguishable  phene t ic  sub-group 
(labelled ' B '  in fig. 5) which is dist inct  f r o m  the even m o r e  c o m p a c t  sub- 
group  (A) wi th  which  all of  the " Typh la t ta  '" group  of Asian species are  
associated.  The remain ing  Asian species a p p e a r  to have two m a j o r  affinities,  
e i ther  wi th  the Typh la t t a  subgroup  or  wi th  the African subgroup.  WHV.ELER'S 
Paraenic tus  (26) is indeed a relat ively dist inctive species, bu t  not  suffi- 
ciently so to w a r r a n t  sub-generic ranking.  

Several  of  WILSON'S supra-specif ic  groupings  are  subs tan t i a t ed  by  ou r  
results .  " Currax  " and " laeviceps ", Which together  co r r e spond  to WHEELER'S 
Typhla t ta ,  are  clear ly re ferab le  to a phenet ical ly  dist inctive species group,  
and  our  resul ts  suppor t ,  as well, the dis t inct ion be tween  the two. The 
" w r o u g h t o n i  " group  is also a t ightly kni t  unit,  demons t r a t ing  m o s t  direct  
phene t ic  affinit ies wi th  the Typh la t ta  species. 

Our  resul ts  do not, however ,  suppor t  the phenet ic  un i fo rmi ty  of  e i ther  
of  WILSON'S " cey lon icus  " or  " pachycerus  " groups.  A large por t ion  of the 
" cey lon icus  " group  is consis tent  wi th  subgroup  B of f igure  5, but  species 
25 and  18 are  dissociated.  WILSON'S " pachycerus  "" group  (apparen t ly  a 
catch-all  for  species of  uncer ta in  affinities) displays a he te rogeneous  com- 
posi t ion  in our  analyses,  wi th  species falling not  only in two c o m p a c t  and  dis- 
t inct  subgroups  (C and  D), each of which shows r a the r  di f ferent  affinit ies to 
subgroup  B, bu t  also within bo th  subgroups  A and B. A reappra i sa l  of  the 
m a n d i b u l a r  and  thorac ic  charac te r s  found by  WILSON (1964 ) to  charac te r ize  
these two species groups  is apparen t ly  indicated.  

A definit ive subgener ic  classif ication of the genus Aenic tus ,  if  indeed 
one is deemed  necessary,  mus t  awai t  comple t ion  of the revis ion of the 
Afr ican spec ies ;  nevertheless ,  cer ta in  p re l imina ry  conclusions are  suggested 
by  ou r  results .  The groups  labelled A and B in f igure  5 could co r r e spond  to 
two m a j o r  subgenera .  Because the subs t ruc tu re  of  Group A (" Typh la t t a  " 
group)  is not  regular ly  hierarchical ,  it is suggested as a single subgenus,  
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w h i c h  s h o u l d  p r o b a b l y  inc lude  the  m i s c e l l a n e o u s  ou t l i e r s  8, 3 a n d  4. G r o u p  

" B  " ( the  a f r i c a n  o r  " ceylonicus " g roup)  is equa l ly  l a ck ing  in  a r e g u l a r  

s u b s t r u c t u r e  a n d  is p r i m e  c a n d i d a t e  f o r  a s ingle  subgenus ,  t o  i n c l u d e  the  

n u m e r o u s  0 u t l i e r s  10, 39, 6, 11, 16, 23, 34 a n d  40. T w o  p o r t i o n s  o f  WILSO•'S 

" pachycerus "' group ,  "C" and  "D" in fig. 5, are  r e a s o n a b l e  c a n d i d a t e s  fo r  
equivalent s u b g e n e r i c  s ta tus .  

W h e t h e r  t he se  i nd i ca t i ons  f r o m  p h e n e t i c  ana lys i s  can  e v e n t u a l l y  se rve  

as a f o r m a l  g u i d e  to  p r a c t i c a l  t a x o n o m i c  s t r u c t u r e  wi l l  be  d e p e n d e n t  on  

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

t e r s  a r e  ava i lab le ,  and  a r ev i s ed  c lad i s t i c  ana lys i s  to  t r a ce  t he  c o u r s e  of  cha- 

r a c t e r  e v o l u t i o n  a n d  the  de r i va t i ve  r e l a t i o n s h i p s  of  t he  p h e n e t i c  g r o u p s  
i d e n t i f i e d  here .  
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A P P E N D I X  1:  C H A R A C T E R  L I S T  

(All lengths measured in millirrietres to nearest 0.01 ram. Those characters trans- 
formed to ratios of profemur length for the analysis described in detail in the text 
are marked with an asterisk). 1. Number of antennal segments (including scape). 
*2. Scape length (LS) (excluding neck). 3. Scape index (SI), SL x 100/HW. *4. Length 
of terminal flagellar segment. *5. Interantennal distance (shortest distance between 
mesal margins of ant, ennal sockets). 6. Mandible shape. 7. Clypeal-mandibular gap 
(absent, moderate, wide). *8. Mandible length (ML). 9. Mandibulocephalic index (MCI), 
ML x 100/HL. *10. Head length (HL). "11. Head width (HW). "12. Head depth (HD) in 
lateral view. 13. Cephalic index (CI), HW x 100/HL. 14. Clypeal border shape. 15. Clypeal 
teeth (absent, 2 teeth, 4 or more teeth). 16. Condition of parafrontal ridge. 17. Condition 
of occipital collar. 18. Typhlatta spots (absent, muted, bright). 19. Ocqipital angles, in 
dorsal view (rounded, subquadrate, quadrate). 20. Head surface sculpturing. "21. Pro- 
notum width (PW). 22. Pronotal armature (present or absent). 23. Pronotal sculpturing. 
24. Condition of promesonotal depression. *25. Trunk (mesosoma) length (TL). 
26. Mesonotal-mesopleural suture (present or absent). 27. Condition of meso- 
somal rug~e. 28. Condition of propodeal junction. 29. Condition of propodeal 
collar. 30. Propodeal sculpturing. 31. Profemur length. *32. Mesofemur length. *33. 
Metafemur length. *34. Protibia length. *35. Mesotibia length. *36. Metatibia length. 
*37. Protarsal segment I length. *38. Mesotarsal segment I length. *39. Metatarsal 
segment I length. 40. Metatibio-tarsal index (MTI), metatarsal segment I length x 100/ 
metatibia length. 41. Condition of subpetiolar process. *42. Petiole length (PEL). *43. 
Petiole width (PEW). 44. Petiolar index (PI), PEW x 100/PEL. 45. Postpetiolar length 
(PPL), measured in dorsal view. *46. Postpetiole width (PPW), measured in dorsal view. 
47. Postpetiolar index (PPI), PPW x 100/PPL. 48. Dorsal petiolar sculpturing. *49. Gaster 
length (GL), maximum straight-line length in lateral view. 50. Head color. 51. Trunk 
color. 52. Waist color. 53. Gaster color. 
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A P P E N D I X  2 :  S P E C I E S  L I S T  

(Type specimens o r  specimens compared  w i t h  types were used in  the  s tudy  wheneve r  
possible.  Field n u m b e r s  are  given for  those  specimens collected by  WHG). 1.alticolus 
WmmLER and CHAPMAN (cotype). 2, aratus FOR~ (MC-005). 3. artipus WILSON (holotype). 
4. binghami FOR~ (cotype). 5. camposi WHEELER and  CHAPMAN. 6. ceylonicus MaYR 
(cotype of var.  latro).  7. chapmani WILSON (paratype).  8. cornutus FOREL (MC-004). 9. 
eurrax EMERY. I0. dentatus FORSU (MC-001). 11. doryloides WILSON (holotype). 12. exilis 
WILSON (holotype), 13. fergusoni FORm~ (compared  to type by  WILSOn). 14. gracilis 
EMERY (MC-007). 15. huonicus WILSON (compared to type). 16. javanus EMERY. 17. luzoni 
WHEELER and CHAPMAN (cotype). 18. nganduensis WILSON (holotype). 19. pachycerus Fr. 
SMITH (compared to type by WILSON). 20. peguensis EMERY. 21- philiporum WILSON 
(holotype). 22. ~,roughtoni FOREL. 23. piercei WHEELER and  CHAPMAN. 24. po~ersi WHEELER 
and  C H ~ N  (cotype). 25. schneirali WILSON (paratype).  26. silvestri WHEELER (cotype). 
27. rabori CHAPMAN (cotype). 28. reyesi CI~PMAN (cotype). 29. sagei FOREL (compared 
to  type by WILSON). 30. philippinensis CHAPMAN. 31. n. sp. (col. MAscrtwITZ). 32. n. sp. 
(col. Goa-r162 MC-003). 33. asantei CAMPIONE, NOVA~< and  GOTWALD (paratype).  34. African 
sp. B (GC-071). 35. Afr ican sp. C (GAC-044). 36. Afr ican sp. D (GAC-047). 37. Afr ican sp. 
E (GAC-054). 38. Afr ican sp. I (GAC-034). 41. Afr ican sp. G (GAC-076). 42. African sp. J. 

A P P E N D I X  3 : Z O O G E O G R A P H I C A L  A N D  C U R R E N T  T A X O N O M I C  
A F F I L I A T I O N S  O F  S P E C I E S  IN T H E  S T U D Y  

Zoogeography of Aenictus species. 

ASIAN S P E C I E S :  1. alticolus. 2. aratus. 3. artipus. 4. binghami. 5. camposi. 6. ceyIoni- 
cus. 7. chapmani. 8. cornutus. 9. curraX. 10. dentatus. 11. doryloides. 12. exilis. 13. 
fergusoni. 14. gracilis. 15. huonicus 16. javanus. 17. luzoni. 18. nganduensis. 19. pachycerus. 
20. peguensis. 21. philiporum. 22. wroughtoni. 23. piercei. 24, po~ersi. 25. schneirlai. 
26. silvestrii. 27. rabori. 28. reyesi. 29. sagei. 30. philippinensis. 31. n. sp. (col. M~SCHWITZ). 
32. n. sp. (col. GOTWALD, MC-003). 

AFRICAN S P E C I E S :  33. asantei. 34. sp. B. 35. sp. C. 36. sp. D. 37. sp. E. 38. sP. F. 
39. sp. H. 40. sp. I. 41. sp. G. 42. sp. J. 

WHrY~LER'S (1930) subgenera.  

(Only those  species included in the  p resen t  s tudy are l i s t ed ;  species described 
since 1930 are p r e sumed  to be placed in the i r  appropr ia t e  subgenera) .  

SUBGENUS AENICTUS : 2. aratus. 3. artipus. 5. camposi. 6. ceylonicus. 7. chapmani. 
10. dentatus. 11. doryloides. 12. exilis. 16. javanus. 18. nganduensis. 19. pachycerus. 20. 
peguensis. 21. philiporum. 22. wroughtoni. 23. pierci. 24. powersi. 25. schneirlai. 27. 
rabori. 28, reyesL 29. sagei. 30. philippinensis. 31. n. sp. (col. MASCHWiTZ). 33. asantei. 
34. African sp. B. 35. African sp. C. 36. Afr ican sp. D. 37. Afr ican sp. E 38. Afr ican sp. F. 
39. Afr ican sp. H. 40. African sp. I. 41. African sp. G. 42. African sp. J. 

SUBGENUS TYPHLATTA : 1. alticolus. 4. binghami. 8. cornutus 9. currax. 13. lergusoni. 
14. gracilis. 15. huonicus. 17. Iuzoni. 32. n. sp. (MC-003). 

SUBGENUS PARAENICTUS : 26. silvestrii. 

WILSON'S (1964) species groups,  

(The fol lowing lists include species no t  examined  in this  s tudy ;  all Afr ican species 
are  p re sumed  here  to belong to W~LSON'S eeylonieus group).  
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WROUGHTONI GROUP: 3. artipus. 5. camposi. 29. sagei. 22. wroughtoni. 

CURRAX GROUP: 8. cornutus. 9. currax. 14. gracilis 15. huonicus. 

PACHYCERUS GROUP: 2. aratus. 7. chapmani. 10. dentatus. 19. pachycerus. 30. philip- 
pinensis. 21. philiporum. 24. powersi, punensis. 27. rabori. 28. reyesi. 26. silvestrii. 

LAEVICEPS GROUP: 1. alticolus. 4. binghams 13. fergusoni, laeviceps. 17. luzoni. 

CEYLONICUS GROUP: biroi, brevicornis. 6. ceylonicus. 11. doryloides. 12. exilis. 16. 
javanus. 18. nganduensis. 23. piercei. 25. schneirlai. 33-42. African species. 
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