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S U M M A R Y  

Ants  of the  subfamily  Dolichoderinae possess four  m a j o r  abdomina l  glands.  The 
lack of a funct ional  s t ing probably  explains the  r a t h e r  modera t e  deve lopment  of the  
st ing associated poison and  Dufour 's  giands. The extremely large pygidial  g land has  
become the  ma in  source of the dolichoderine defensive secretions,  while the  Pavan ' s  
giand, w h e n  present ,  produces  the  trai l  substances.  

The large tergal  gland between tergites 6 and  7, fo rmer ly  called the  anal  gland,  due to 
its ana tomica l  posi t ion and  general morphological  character is t ics ,  is homologous  to the 
pygidial gland, which  is found in all o the r  an t  subfamilies.  Pavan 's  gland, on  the  o the r  
hand,  is apparen t ly  a peculiar i ty to the Dolichoderinae and  Aneuret inae.  The sac-like 
appearence  of the  Pavan 's  gland only represents  the reservoi r  par t ,  whi le  the  real 
secretory componen t  of the  gland is to be located in the  th ickened ep i the l ium of the  
seventh  abdomina l  s terni te .  

Ul t ras t ruc tu ra l  examinat ion  reveals a well-developed smoo th  endoplasmic  re t icu lum 
along wi th  n u m e r o u s  mi tochondr ia  as the m a j o r  cytoplasmic cons t i tuen ts  in the  pygidial, 
Dufour ' s  and  Pavan 's  gland. Both  charac ters  can be  related to the  l ipophilic secret ion 
of these glands, while the modera te ly  developed g ranu la r  endoplasmic  re t i cu lum of the  
poison gland secretory ceils may point  to some pro te in  synthesis .  Bo th  the pygidial and 
poison gland are  compr ised  of individual  secretory uni t s  wi th  a g landular  cell and  its 
own duc t  ceil, while  the Dufour 's  and Pavan 's  gland cor respond  to the  g landu la r  epithe- 
l ium type. 

* Senior  Research  Assis tant  of the Belgian Nat ional  Fund  for  Scientific Research.  
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RESUME 

Morphologie et ultrastructure des glandes abdominales des fourmis Dolichod6rines 
(Hymenoptere, Formicidae) 

Les fourmis appartenant ~ la sous-famille des Dolichoderinae poss~dent quatre 
glandes abdominales principales. La taille plut6t m6diocre de la glande de Dufour et de 
la glande h venin est probablement 1i6e h 1'absence d'un aiguillon fonctionnel. La glande 
pygidiale tr~s grande est chez ces fourmis la source des substances d6fensives la plus 
importante, tandis que les ph6rornones de piste sont s6cr6t6es par la glande de Pavan. 

Sa d6nomination comme glande pygidiale est justifi6e par la position anatomique et 
les caract~res morphologiques en g6n6ral, ce qui r6fute l'hypoth~se d'une glande anale 
qui serait propre aux esp~ces dolichod6rines. La glande de Pavan par contre semble 
6tre une structure unique parmi les Dolichoderinae et Aneuretinae. Le sac comme on l'a 
d6crit auparavant ne constitue que le r6servoir de la glande de Pavan, alors que la partie 
s6cr6trice correspond h l'6pith61ium 6paissi du septi~rne sternite. 

Des recherches ultrastructurales r6v~lent un r6ticulum endoplasmique lisse bien 
d6velopp6 et de nombreuses mitochondries dans la glande pygidiale, la glande de Dufour 
et la glande de Pavan. Ces caractbres s'accordent avec la  s6cr6tion lipophile dans ces 
glandes, tandis que l'ergastoplasme plut6t m6diocre dans les ceUutes s6cr6trices de la 
glande h venin indique une production de prot6ines. La glande pygidiale et la glande 
venin sont compos6es d'unit6s s6cr6trices individueUes comprenant une cellule glan- 
dulaire et une cellttle du canalicule. La gtande de Dufour et la glande de Pavan sont 
form6es par des 6pith61iums glandulaires. 

I N T R O D U C T I O N  

The Do l i chode r inae  a re  gene ra l ly  c o n s i d e r e d  as one of the  h igh ly  evolved 
a n t  subfami l i e s .  They  have  ceased  to u se  the  s t ing  as a de f e ns i ve  o r  offen- 
sive w e a p o n  a n d  therefore ,  d i sp lay  a r e d u c e d  o r  a t r o p h i e d  v e n o m  a p p a r a t u s .  
The  wel l -developed pygidia l  g l a n d  in  this  s u b f a m i l y  c o m p e n s a t e s  fo r  s t ing  
r educ t i on ,  a n d  p roduces  the  a l a r m - d e f e n s e  s u b s t a n c e s  (PAVAN a n d  RONCHETTI, 
1955; TRAVE a n d  PAVAN, 1956). This  g l a nd  was  f o r m e r l y  ca l l ed  t he  " a n a l  
g l and  ", a l t h o u g h  its  gene ra l  a n a t o m y  a n d  o p e n i n g  b e t w e e n  t he  s ix th  a n d  
s even th  te rg i te  p rov ide  ev idence  of i ts  homology  w i t h  the  p y g i d i a l  g l a n d  i n  
o t h e r  sub fami l i e s  (H~SLLDOBLER, 1982). 

Tra i l  p h e r o m o n e s  i n  m o s t  Do l i chode r inae  e m a n a t e  f r o m  t h e  " o rgano  
v e n t r a l e "  (PAVAN, 1955; WILSON a n d  PAVAN, 1959), t ha t  b e c a m e  we l l  k n o w n  
as Pavan ' s  g land.  The g l and  is r e g a r d e d  as a n e o f o r m a t i o n  t h a t  o n l y  occur s  
in the Dolichoderinae a n d  the  c losely  r e l a t e d  Aneuretus simoni, w h e r e  it  is 
equa l ly  the  source  of the  t ra i l  s u b t a n c e s  (TRANIELLO a n d  JAYASURIYA, 1981). 
I t  opens  b e t w e e n  the  6th a n d  7 th  a b d o m i n a l  s te rn i te ,  t h o u g h  the  rea l  
g l a n d u l a r  p a r t  was  r e c e n t l y  a s c r i b e d  to  the  mod i f i ed  7th s t e r n a l  e p i d e r m i s  
(FANFANI a n d  DAZZINI VALCURONE, 1984; BILLEN, 1985 b). 
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Notwi ths tand ing  the largely reduced  condi t ion of the sting, the  po ison  
and  Dufour ' s  g land r em a i n  associa ted wi th  it. Due to the func t ion  of  a l a r m  
and  trai l  p h e r o m o n e  p roduc t ion  being p e r f o r m e d  by  the pygidial  and  Pavan ' s  
gland, respect ively,  the actual  funct ion of the two sting glands in the  Doli- 
choderinae is r a t h e r  indist inct .  Both  glands, in fact ,  are  fa i r ly  smal l  in 
compar i son  wi th  the i r  appea rance  in o ther  subfamil ies .  

Apar t  f r o m  the recent  histological descr ip t ion  of the Pavan ' s  g land in 
Dolichoderus doriae (DAZZINI VALCURONE and FANFANI, 1982) and  Iridomyrmex 
humilis (FANFANr and  DAzzINI VALCURONE, 1984), and  its u l t r a s t r uc tu r a l  inves- 
t igat ion in D. quadripunctatus (BILLEN, 1985 b), the actual  i n fo rma t ion  dealing 
wi th  the  morpho logy  of dolichoderine glands refers  to r a t h e r  old ana tomica l  
paper s  (PAVAN, 1955 ; PAVAN and RONCI~ETrr, 1955 ; MIRADOLI ZATTI and  PAVAN, 
1957). The p re sen t  s tudy  repor t s  on the m o r p h o l o g y  and  u l t r a s t r u c t u r e  of  
the abdomina l  glands in the worke r s  of  some Dolichoderinae. 

M A T E R I A L  AND M E T H O D S  

Our morphological data deal with foraging worker individuals of Azteca sp. (col- 
lected at Barlovento, Venezuela), Bothriomyrmex decapitans (Oukaimeden, Morocco), 
Dolichoderus quadripunctatus (Wiirzburg, FRG), Iridomyrmex humilis (Barcelona, Spain) 
and Tapinoma nigerrimum (Calvi, Corsica). 

Both dissected glands and abdominal halves were fixed in 2 % cold glutaraldehyde, 
buffered at pH 7.3 and 490 mosm with 0.05 M sodium cacodylate and 0.15 M saccharose. 
Postfixation in 2 % osmium tetroxide preceded dehydration in a graded acetone series 
and embedding in Araldite. Double stained thin sections were viewed in a Philips EM 400 
electron microscope. Semi-thin sections, stained with methylene blue and thionin, were 
used for light microscopy. 

R E S U L T S  

The dol ichoder ine  a b d o m e n  general ly contains  four  dis t inct  exocrine 
glands (fig. 1). Most conspicuous  in all species inves t igated a re  the  m o r e  
or  less pa i red  pygidial  glands, that  open  be tween  the 6th a n d  7th abdomina l  
tergi tes  t h ro ugh  a c o m m o n  slit-like orifice. Due to the ven t ra l  pos i t ion  of the 
seventh  tergi tes  in m o s t  Dolichoderinae,  the pygidial  gland opening  is located 
a t  the  ex t r em e  tip o f  the abdomen .  The real  anal  opening  i n  consequence  
h a s  shi f ted  to a m o r e  an te r io r  posi t ion along wi th  the  s t ing r e m n a n t s  and  
its assoc ia ted  poison  and Dufour ' s  glands. The m o s t  an t e r io r  pos i t ion  is 
occupied  by  Pavan ' s  gland, which consists  of  a dis t inct  sec re to ry  epi the l ium 
on  the  7th abdomina l  sternite,  and  a separa te  rese rvo i r  sac tha t  is located 
be tween  the  6th and  7th sternites.  
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Fig. 1. --  Longitudinal section through the dolichoderine abdominal tip showing the 
four major glands (drawing according to histological sections of an Iridomyrmex 
humilis worker). Dg: Dufour's gland. 

Fig. I. - -  Section sagittale h travers la pattie abdominale post~rieure montrant les 
quatre glandes principales des Dolichoderinae (selon des sections histologiques 
d'une ouvri~re d'Iridomyrmex humilis). Dg: glande de Dufour. 

1. Pygidial gland morphology 

The pygidial gland is composed of a large, bilobed reservoir  and two 
clusters of several tens of big secretory cells overlying the reservoir  in a 
dorsolateral  posit ion (fig. 1). Each cell is provided with a na r row  efferent 
ductuie which, after  fusion with the o ther  ductules, continues in a common  
duct  pr ior  to opening in the posterolateral  region of the reservoir  (fig. 4). 

The secretory cells have a d iameter  ranging between 20 and 40 ~m. The 
rounded nuclei, with a diameter  of approximately 15 ~m, occupy  a more  or  
less central  position in the cell and contain one or  two dist inct  nucleoles. 
The most  obvious characteristic of the cytoplasm is the considerably twisted 
intracellular end apparatus  which may be encountered several t imes in a 
plane section(fig. :2). Ultrastructurally,  this intracellular ductule  shows a 
relatively thick and fibrillar endocut icular  lining, which somet imes may be 
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Fig. 2. - -  Detail of adjacent  pygidial gland secretory cells in B. decapitans, showing 
sections through the twisted intracellular end appara tus  (EA) and numerous  
mi tochondr ia  (M). 

Fig. 2. - -  D6tail des cellules s6cr6trices de la glande pygidiale chez B. decapitans. 
Notez l 'appareil  terminal intracellulaire assez sinueux (EA) et les mitochondries  
tr~s abondantes  (M). 
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Fig. 3. - -  Pygidial gland cell cytoplasm in T, nigerrimum. EA:  end apparatus,  t r :  
tracheoles. 

Fig. 4. ~ Detail showing pygidial gland individual ductules and common  duct in 
B. decapitans. 

Fig. 5. - -  Pygidial gland reservoir  wall in I. humilis, c t :  cuticle, Mr:  muscle fibres. 
Fig. 3. - -  Cytoplasme des cellules de la glande pygidiale chez T. nigerrimum. EA: 

appareil  terminal,  t r :  trach6oles. 
Fig. 4. - -  D6tall des ductules individuelles et le conduit  commun de la glande pygidiale 

chez B. decapitans. 

Fig. 5. - -  R6servoir de la glande pygidiale chez I. humilis, c t :  cuticule, Mr:  fibres 
musculaires.  
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covered  b y  a t h i n  a n d  d i s c o n t i n u o u s  e p i c u t i c l e .  The  cell  m e m b r a n e  sur-  
r o u n d i n g  the  duc tu l e  has  a d i n s t i n c t  m i c r o v i l l a r  a p p e a r a n c e  w i t h  e l ec t ron -  
dense  c o n d e n s a t i o n s  o n  top of the  mic rov i l l i  ( f ig.  2). The c y t o p l a s m  c o n t a i n s  
a n  a b u n d a n c e  of n e a r l y  sphe r i ca l  m i t o c h o n d r i a ,  n u m e r o u s  free r i b o s o m e s  
a n d  s o m e  c i s t e rnae  of s m o o t h  e n d o p l a s m i c  r e t i c u l u m .  An a m o r p h o u s  base-  
m e n t  m e m b r a n e  w i t h  a t h i cknes s  of a p p r o x i m a t e l y  50 n m  f o r m s  t h e  o u t e r  
cell  l in ing .  A t r a c h e o l a r  n e t w o r k  ex t ends  b e t w e e n  the  s ec re to ry  cells,  w i t h  
local  p e n e t r a t i o n  of t racheo les  i n  the  cy top l a sm,  w h i c h  w e r e  o c c a s i o n a l l y  

o b s e r v e d  (fig. 3). 
U p o n  leav ing  the  cell, the  c u t i c u l a r  d u c t u l e  l i n i n g  b e c o m e s  a c o n t i n u o u s  

a n d  e l ec t ron-dense  l ayer  w i t h  a t h i c k n e s s  of 0.3 ~m. I t s  i n n e r  d i a m e t e r  of 
0.5 Izm w i t h i n  the  duc t  cell r e m a i n s  the  s a m e  as i t  h a d  w i t h i n  the  s e c r e t o r y  
cell. Excep t  fo r  the  r eg ion  of the  n u c l e u s ,  the  duc t  cel l  c y t o p l a s m  is r e d u c e d  
to  a ve ry  n a r r o w  s t r a n d  s u r r o u n d i n g  the  duc tu le .  The  i n d i v i d u a l  d u c t u l e s  
f ina l ly  j o i n  w i t h  each o the r  to  b e c o m e  a 5 txm wide  c o m m o n  d u c t  t h a t  o p e n s  

in  the  r e s e r v o i r  (fig. 4). 
The  pygid ia l  g l and  r e se rvo i r  wa l l  c o m p r i s e s  a m u c h  fo lded  e p i t h e l i u m  

of n e a r l y  s q u a m o u s  cells t h a t  is cove red  w i t h  a c u t i c u l a r  l ayer  of 0.5 to  1 tzm 
t h i c k n e s s  (fig. 5). The  cells c o n t a i n  a v e r y  f l a t t e n e d  n u c l e u s  a n d  a c y t o p l a s m  
w i t h  s o m e  vacuoles  a n d  f ree  r i b o s o m e s .  A d i s t i n c t  m u s c u l a r  s u p p l y  sur-  
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6. - -  Semi-thin section showing the poison gland components in I. humilis. CG: 
convoluted gland, FF:  free filaments, R:  reservoir. 

7. - -  Free filament lumen and surrounding secretory cells of the poison gland in 
I. humilis, ed: extracellular ductule, mlb:  multilamellar body, N:  nucleus, RER: 
vesiculate granular endoplasmic reticulum. 

8. - -  Detail of contact between intracellular end apparatus (EA) and extracellular 
ductule (ed) in Azteca sp. ; note the twisted aspect of the microvilli (my). 

9. - -  Convoluted gland ultrastructure in L humilis. EA: end apparatus, N :  nucleus. 

10. - -  Poison gland reservoir wall in I. humilis, ct :  cuticle. 

6. - -  Section semi-fine chez I. humilis montrant les 61dments de la glande h venin. 
CG: glande convolut6e, FF:  filament libre, R:  r6servoir. 

7. - -  Lumen du filament libre et cellules s6cr6trices de la glande ~t venin chez 
I. humilis, ed: ductule extracellulaire, mlb :  corpuscules multilamellaires, N:  noyau. 
RER : ergastoplasme v6siculaire. 

8. - -  Jonction entre l'appareil terminal intracellulaire (EA) et le ductule extra- 
cellulaire (ed) chez Azteca sp. ; my:  mierovillosit6s assez sinueuses. 

9. - -  Ultrastructure de la glande convolut6e chez L humilis. EA: appareil terminal 
N : noyau. 

10. - -  Paroi du r6servoir de la glande h venin chez I. humilis, ct :  cuticule. 
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r o u n d s  the  g l a n d  reservoi r .  The  s ingle  duct ,  w h i c h  is n o t  a s s o c i a t e d  w i t h  
any  p a r t i c u l a r  musc les ,  opens  t h r o u g h  a sli t- l ike or i f ice  b e t w e e n  t he  6th  
a n d  7th  tergi tes .  

2. Poison gland morphology 

The a n t  p o i s o n  g l and  is c o m p r i s e d  of a th in -wal led  r e s e r v o i r  t h a t  o p e n s  
in  the  s t ing  base  t h r o u g h  a n a r r o w  duc t ,  a n d  two f ree  f i l a m e n t s  t h a t  c a r r y  
the  s ec r e t i on  of  the  g l a n d u l a r  cells to  the  reservoi r .  A p e c u l i a r i t y  t o  al l  
Do l i chode r ine  species  is the  g l o b u l a r  shape  of the  free f i l a m e n t s  i n  compa-  
r i s o n  w i t h  t he i r  l ong  a n d  s l e n d e r  a p p e a r a n c e  in  o t he r  a n t  s u b f a m i l i e s .  The  
e n t r a n c e  of  the  sec re to ry  f i l a m e n t s  occurs  t h r o u g h  the  so-cal led c o n v o l u t e d  
g land,  wh ich  is to be  c o n s i d e r e d  as a n  i n v a g l n a t e d  sec re to ry  t i s sue  b u l b  i n to  
the  r e s e r v o i r  ( f igs.  1 and  6). 

The po lygona l  s ec re to ry  cells are  a r r a n g e d  a r o u n d  the  c e n t r a l  f i l a m e n t  
l u m e n  t o w a r d s  wh ich  they  each  s e n d  a n a r r o w  col lec t ing  d u c t u l e  w i t h  a n  
i n t e r n a l  d i a m e t e r  b e t w e e n  0.2 a n d  0.3 ~ m  (figs. 7 and  8). T h e i r  c y t o p l a s m  
shows a m o d e r a t e l y  deve loped  ves i cu la t e  granular  e n d o p l a s m i c  r e t i c u l u m  
and  n u m e r o u s  r i bosomes .  A few m i t o c h o n d r i a  a n d  m u l t i l a m e l l a r  i n c l u s i o n s  
a re  r a n d o m l y  s ca t t e r ed  in  the  cell. The  sec re to ry  a p p a r a t u s  c o n s i s t s  of  a 
s t r a igh t  o r  s l ight ly  c u r v e d  i n t r a c e l l u l a r  d u c t u l e  w i t h  c u t i c u l a r  l i n i n g  a n d  

Fig. 11. - -  Transverse section of Dufour's gland in L humilis. 

Fig. 12. - -  Dufour's gland epithelium in T. nigerrimum, bin:  basement membrane, 
ct : cuticle, N : nucleus. 

Fig. 13. - -  Detail of cuticle (ct) and apical Dufour's gland cytoplasm in B. decapitans 
showing Golgi apparatus (ga) and granular endoplasmic reticulum (RER). 

Fig. 14. - -  Basal half of Dufour's gland cell in L humilis, bm:  basement membrane, 
mlb : multilamellar bodies. 

Fig. 15. - -  Transverse section through the Dufour's gland duct in T. nigerrimum. Note 
heavily sclerotized cuticle (ct), muscle fibres (Mr) and bundles of microtubules 
(MT). hd:  hemidesmosomes. 

Fig. I1. - -  Section transversale ~t travers la glande de Dufour chez I. humilis. 

Fig. 12. m L'6pithdlium de la glande de Dufour chez T. nigerrimum, b in :  membrane 
basale, ct :  cuticule, N:  noyau. 

Fig. 13. - -  R6gion apicale du cytoplasme et cuticule (ct) de la glande de Dufour chez 
B. decapitans, ga: appareil de Golgi, RER: ergastoplasme. 

Fig. 14. - -  R6gion basale du cytoplasme de la glande de Dufour chez I. humilis, b m :  
membrane basale, mlb:  corpuscules multilamellaires. 

Fig. 15. - -  Section transversale ~t travers le conduit de la glande de Dufour chez 
T. nigerrimum, ct:  cuticule, hd:  h~midesmosomes, Mf: fibres musculaires. MT: 
microtubules. 
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s u r r o u n d i n g  m i c r o v i l l a r  s h e a t h ,  u l t r a s t r u c t u r a l l y  s i m i l a r  t o  t h e  p y g i d i a l  

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

w e r e  o n l y  o b s e r v e d  i n  t h e  Azteca  i n d i v i d u a l s  (1ig. 8). 
T h e  s a m e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s ,  i n c l u d i n g  t h e  o c c u r r e n c e  o f  t h e  

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

�9 : � 9  ~i .................... , ~  

Fig. 16. - -  Transverse section near  the abdominal tip in  I. humilis showing the 
Dufour's gland (Dg), and the Pavan's gland duct (Pd) and secretory epithelium 
(Pg). 

Fig. 16. - -  Section transversale aupr~s de l 'extr6mit6 abdominale chez I. humilis, mon- 
trant  la glande de Dufour (Dg) ainsi que l'6pith61ium glandulaire (Pg) et le 
conduit (Pd) de la glande de Pavan. 

Fig. 17. - -  Pavan's gland reservoir  wall in D. quadripunctatus, c t :  cuticle, N :  nucleus. 

Fig. 18. - -  I l lustrat ion of the secretory epithelium of the dolichoderine Pavan's  gland. 

Figs. 19 to 21. - -  Apical (19), central (20) and basal (21) cytoplasm of the secretory 
epithelium of Pavan's gland in D. quadripunctatus. M :  mitochondria,  m l b :  multi- 
lamellar bodies, m y :  microvilli, N :  nucleus, S E R :  smooth endoplasmic reticulum, 
tr  : tracheoles. 

Fig. 17. - -  R6servoir de la glande de Pavan chez D. quadripunctatus, c t :  cuticule, N :  
noyau. 

Fig. 18. - -  Sch6ma de l'6pith61ium s6cr6teur de la glande de Pavan des Dolichoderinae. 

Figs. 19 ~t 21. - -  R6gion apicale (19), centrale I (20) et basale (21) des cellules s6cr6trices 
de la glande de Pavan chez D. quadripunctatus. M. : mitochondries,  m l b :  cor- 
puscnles multilamellaires,  m y :  microvillosit6s, N :  noyau, S E R :  r6ticulum endo- 
plasmique lisse, t r :  trach6oles. 
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f r o m  the endoplasmic  re t icu lum tha t  is appa ren t ly  lacking (fig. 9). Tissue 
in this p a r t  of  the  gland has  a m u c h  m o r e  packed  cy top lasmic  organiza t ion  
t han  tha t  in the f ree  f i laments,  and  hence displays a very  e lec t ron-dense  
aspec t  (fig. 6). 

The cut icular  lining of the convoluted  gland is cont inuous  w i t h  the  
r e se rvo i r  lining. The thin epi thel ium of the rese rvo i r  wall  conta ins  only  few 
organel les  bu t  qui te  num erous  vacuoles (fig. 10). A few musc le  f ibres  sur- 
r o u n d  the  reservoir ,  while  a more  extensive muscu l a r  supply  is found  a t  the 
ven t ra l  side of  the m o s t  pos te r io r  region of the poison  gland duct.  

3. Dufour's gland morphology 
The dol ichoder ine  Dufour  gland is a r a t he r  small  p i r i fo rm sac tha t  opens  

th rough  a slit-like duct  vent ra l  of the poison  gland duct.  I t  is compr i sed  
of  a s imple  layer  of  epithelial  cells wi th  a th ickness  be tween  5 and  15 ~m, 
and  a cu t icu lar  lining of 0.15 to 1.5 ~m (fig. 11). 

The rounded  nuclei  display a d ispersed c h r o m a t i n  and  occupy  a slightly 
basa l  pos i t ion  in the cells (fig. 12). A well-developed s m o o t h  endop lasmic  
re t i cu lum and  an  abundance  of free r ibosomes  cons t i tu te  the ma in  cytoplas- 
mic  componen ts .  Mitochondr ia  are fair ly n u m e r o u s  and  Golgi a p p a r a t u s  
(fig. 13) and  mul t i l amel la r  bodies (fig. 14) were  of ten  observed.  Granu la r  
endop lasmic  re t i cu lum is very rare  in Azteca, Iridomyrmex and  Tapinoma, 
whereas  it occurs  as a dist inct  cy toplasmic  e lement  in Dolichoderus and  to 
a lesser  extent  in Bothriomyrme x (fig. 13). I r regu la r ly  a r r a n g e d  s lender  
microvi l l i  are  found  in Iridomyrmex and Tapinoma (fig. 12), they  m a y  occur  
in Azteca and Bothriomyrmex, but  are  lacking in Dolichoderus. The basa l  
cell m e m b r a n e  shows a few shal low invaginat ions  and  is l ined w i th  an amor-  
phous  b a s e m e n t  m e m b r a n e  of approx ima te ly  60 n m  (figs 12 and 14). 

Muscle f ibres  sur rounding  the Dufour ' s  g land occur,  though the i r  n u m b e r  
is ve ry  l imited.  The duct, however ,  is su r rounded  by  a very  extensive supply  
of musc le  f ibres  tha t  a t tach  to the duct  ep i the l ium b y  means  of  hemides-  
m o s o m e s  (fig. 15). Bundles  of  mic ro tubu les  wi th in  the  duc t  cell have  a 

p a r a l l e l  o r i en ta t ion  to the under ly ing myof i l amen t s  and  t r a n s m i t  the mus-  
cu la r  pull ing force  to the heavily sclerot ized cuticle of  the  slit-like duct.  

4. Pavan's gland morphology 
Since its f i rs t  descr ip t ion  (PAVAN, 1955), the  Pavan ' s  g land  has  been  

r ega rded  as an  unpa i r ed  median  sac tha t  opens  be tween  the  6th and  7th 
abdomina l  s terni tes  in m a n y  dol ichoderine species.  U l t r a s t ruc tu ra l  exami- 
na t ion  of  the  sac wall  reveals a very  thin ep i the l ium wi th  a th ickness  of  
hard ly  2 ~m and  an  i r regular ly  folded cu t icu lar  layer  of  app rox ima te ly  1 t~m 
(fig. 17). The cells contain  a f la t tened nucleus  and  a c y t o p l a s m  in which 
only some  f ree  r ibosomes  and  a few mi tochondr i a  a re  found.  In  be tween  
the  cut icle  and  epi thel ium, a dist inct  and  electron- lucid subcu t i cu la r  space 
occurs (fig. 17). 
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In close s t ructura l  (and functional) relat ion to this thin-walled sac is 
a conspicuous glandular  epi thel ium with  a thickness be tween  25 and 30 t~m. 
It  corresponds  with the considerably thickened epidermis  of  the  an te r ior  
par t  of the 7th sterni te  (fig. 1). Due to the slight V-shape of  the  an te r ior  
borde r  of this sternite,  the glandular  epi thel ium in cross section m ay  appear  
as two la teroventra l  units  (fig. 16), though these will approach  and even- 
tually join each o ther  more  posteriorly.  

Between the cut icular  lining and the epithelium, a considerable  sub- 
cuticular  space is observed. The cuticle itself is pene t ra t ed  by  numerous  
i r regular  pore  canals wi th  a d iameter  a round 0.5 gm. The cytological 
organizat ion of the co lumnar  cells is i l lustrated in figure 18. The apical cell 
membrane  is d i f ferent ia ted into a dist inct  microvil lar  b o rd e r  all along its 
numerous  invaginations (fig. 19). An abundance  of  mi tochondr ia  and a very  
well-developed smooth  endoplasmic re t iculum are the most  character is t ic  
elements in the glandular  cells (figs. 19 and 20). A dist inct  Golgi appara tus  
is also evident,  while some rnicrotubules and free r ibosomes are  sca t tered  
throughout  the cytoplasm. A few mult i lamellar  bodies may  be  found,  e i ther  
within the glandular  cells or in the subcut icular  space (fig. 19). Nuclei are 
relatively small  and are invariably basally located. Tracheoles  occu r  adjacent  
to the basement  membrane  and are of ten  seen to pene t ra te  be tween  the 
gland cells (fi;g. 21). 

The occur rence  of such a glandular  epi thel ium in addi t ion to the  thin- 
wailed reservoi r  sac was a common charac te r  in all species investigated, 
except for  Tapinoma nigerrienum. Workers  of this species apparen t ly  lack 
the reservoir '  sac,"wh'i l6 their- 7th abdominal  s terni te  only shows a slightly 
th ickened epithelium. 

D I S C U S S I O N  

According to thei r  cellular organization, insect  exocrine glands can 
conveniently be classified into two groups. Glandular  epithel ia  const i tute  
the morphological ly most  simple type, and are found e.g. in the Dufour ' s  and 
Pavan's glands. The o ther  type glands are composed of bi-cellular funct ional  
units, each comprising a secretory cell and its accompanying duct  cell, as 
in the pygidial gland. Also the poison gland belongs to this group,  though 
it is somewhat  aber ran t  due to the epithelial a r rangement  of the secre tory  
cells in two free filaments.  The duct  cells consequent ly  are r a t h e r  short,  
because of the nearby f i lament lumen into which they release the secret ion 
of the cor responding  glandular  cells. 

The poison gland free fi laments in the Dolichoderinae typically have 
a globular  appearance  which clearly discerns them f rom the  o the r  sub- 



292 I. BILLEN 

families. The occurrence of granular endoplasmic re t iculum in the secretory 
cells is a general feature for the poison gland in ants (BILLEN, 1985a, 1986b), 
bees (OWEN and BRID6ES, 1976) and wasps (KANWAR and KANWAR, 1975 ; EDSON 
et al., 1982; DELFI•O et al., 1983), and corresponds with the proteinaceous 
venom composition. Although information on the chemical composition of 
the dolichoderine venom is lacking (BLUM and HERMANN, 1978), the rather  
moderate development of granular endoplasmic reticulum in their poison 
gland may reflect a rather small proteinaceous fraction in the venom. A 
similar situation was observed in Myrmica rubra (BILLEN, 1986b), whereas 
species with a strong proteinaceous venom, irrespective of the presence of a 
functional sting, all display a well-organized granular endoplasmic reticulum 
(BILEEN, 1985a). The venom is collected by the intracellular end apparatus 
and efferent ductules and reaches the reservoir after passage through the 
convoluted gland. The latter probably acts as an additional secretory com- 
partment,  as is suggested by the occurrence of the end apparatus. 

Venom ejection is affected by the contracting reservoir muscles and 
the more extensive muscular supply inserted onto the ventral duct region. The 
Dufour's gland duct is also provided with a considerable muscular attachment. 
Therefore, both the poison and Dufour's gland possess an independent dis- 
charging mechanism. The ultrastructural  organization, with straight bundles 
of duct cell microtubules that transmit the muscular forces to the thickened 
duct cuticle, correspond with the myoepidermal  junction in insects generally 
(AUBER, 1963 ; LAI-FOOK, 1967) and th e muscular insertion on the ant Dufour's 
gland in particular (BILLEN, 1982; 1986a). 

The epithelial cells of the Dufour's gland hardly display characters that 
are typical for the Dolichoderinae. General features shared with other sub- 
families are the numerous mitochondria and the multilamellar bodies, that 
may represent secretory vesicles (HEFETZ and ORION, 1982). Notwithstanding 
the existence of a morphological Dufour's gland pattern for most ant sub- 
families (BILLEN, 1986a), the dolichoderine gland does not seem too constant. 
Irregular apical microvilli are often found, but not in D. quadripunctatus. 
Moreover, the aberrant position of Dolichoderus is confirmed by its fairly 
well-developed granular endoplasmic reticulum, whereas the other  species 
(with Bothriomyrmex to a lesser extent) are characterized by a smooth endo- 
plasmic reticulum. The latter cytoplasmic element, at least, is in accordance 
with the chemical information of the dolichoderine Dufour's gland as a source 
of hydrocarbons (CAvILL and HOUaHTON, 1973; BLUM and HERMANN, 1978). 
Extensive smooth endoplasmic reticulum is reported as a common cytoplasmic 
constituent in insect epidermal glands that produce small-sized nonproteina- 
ceous molecules (NOIROT and QUENNEDEY 1974 ; PERCY, 1974). Chemical data on 
the Dufour's gland in Dolichoderus, unfortunately, are not available hitherto. 

What role the Dufour's and poison gland play in dolichoderine biology, 
remains unknown. Their relatively small size most p r o b a b l y  gges along with 
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sting reduction, which would considerably limit the offensive or defensive role 
these glands play in other subfamilies. As a rule, the alarm-defence substances 
in Dolichoderinae are produced in the extremely enlarged pygidial 
gland. They correspond chemically with a variety of ketones and 
cyclopentanoid monoterpenes (TRAvE and PAVAN, 1956; BLUM and HERMANN, 
1978). 

The pygidial gland ultrastructure with cisternae of smooth endoplasmic 
reticulum and an abundance of mitochondria can be related to the synthesis 
of these lipophilic molecules. Secretion from the glandular cells is collected 
by the well-developed end apparatus from where the extracellular ductules 
carry it to the big reservoir sac. Extensive muscles surrounding the reservoir 
control the discharge of secretion. 

The anatomical position of the dolichoderine " anal gland " opening 
between the 6th and 7 th abdominal tergites, justifies its homology with the 
pygidial gland, which is found in all ant subfamilies (JANET, 1898; KUCLER, 
1978; H~LLDOBLER, 1982, 1984; HiJLLDOBLER and ENGEL, 1978). Ultrastruc- 
rural evidence for homology is provided by observations of the pygidial gland 
in some doryline and ponerine species (own unpublished data). The distinct 
appearance of the gland in the Dolichoderinae most probably is one o f  the 
reasons for sting reduction in this subfamily. 

The Pavan's gland, on the other hand, seems restricted to Dolichoderinae 
and the related aneuretine species Aneure tus  s imoni  (MIRADOLI ZATTI and 
PAVAN, 1955; TRANIELLO and JAYASURIYA, 1981). The initial description by 
PAVAN (1955) of a thin-walled sac, opening between the 6th and 7th abdominal 
sternites, after nearly 30 years, has to be revised with the new reports of a 
considerable and well-defined glandular epithelium on the 7th sternite 
(DAZZlNI VALCURONE and FANFANI, 1982; FANFANI and DAZZlNI VALCURONE, 
1984 ; BILLEN, 1985b). The new concept of Pavan's gland, therefore comprises 
a secretory epithelium and a thin-walled reservoir sac. Functional evidence 
for this is provided by the similar positive trail-following results obtained by 
separate extracts: of the two parts (FANFANI and DAzzI~I VALCURONE, 1984). 
The biologically active constituent for I. humil is  was identified as (Z)-9-hexa- 
decenal (CAVILL et al., 1979). 

Ultrastructural examination reveals a highly active glandular tissue 
(BILLEN, 1985b). The well-developed smooth endoplasmic reticulum along 
with the numerous mitochondria and Golgi apparatus, are in agreement with 
the production of a nonproteinaceous secretion. The microvillar border and 
cuticular pores facilitate the transport of secretion from the  glandular part 
to the reservoir. The latter process, according to FANFANI a n d  DAZZINI 
VALCURONE i(1984), should :merely be affected by gravity, regarding the more 
ventral position of the ~reservoir. 

Sternal :glands in ants ha,ce~ been repor ted  in:several .ponerine species, 
but consist of.~j~.dividual g!a~adular cells thht send their narrow ducts  through 
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the  i n t e r s e g m e n t a l  m e m b r a n e  (H~SLLDOBLER a n d  ENGEL, 1978; JESSEN e t  al., 
1979; JESSEN a n d  MASCHWlTZ, 1983). A g l a n d u l a r  e p i t h e l i u m  o n  t he  7th  
a b d o m i n a l  s t e rn i t e  has  b e e n  o b s e r v e d  in  a few species  of E c i t o n i n a e ,  M y r m i -  
c inae  a n d  P o n e r i n a e  (H/ALLDOBLER a n d  ENGEL, 1978), b u t  n e v e r  s h o w s  the  
a n a t o m i c a l l y  wel l -def ined  aspec t  of the  do l i chode r ine  g l a n d u l a r  e p i t h e l i u m .  
A sepa ra t e  r e se rvo i r  sac, as de sc r i bed  in  the  Dol ichoder inae ,  is a lways  l ack ing .  
Fo r  these  reasons ,  the  r ea l  Pavan ' s  g l a n d  (i.e. the g l a n d u l a r  e p i t h e l i u m  a n d  
i ts  reservoi r ) ,  is to be  c o n s i d e r e d  as a pecu l i a r i t y  in  the  D o l i c h o d e r i n a e  a n d  
the  phy logene t i ca l ly  very  r e l a t ed  A n e u r e t u s .  On the  o t h e r  h a n d ,  the  
o c c u r r e n c e  of the  Pavan ' s  g l and  is n o t  a n  abso lu t e  c o n d i t i o n  for  al l  Dol icho-  
de r inae .  I t s  ab sence  in  T a p i n o m a  n i g e r r i m u m  a n d  L i o m e t o p u m  m i c r o c e p h a -  
l u m  was  no t i c ed  yet  by  MIRADOLI ZATTI a n d  PAVAN (1957). S ince  t he  g l a n d  
a p p a r e n t l y  does n o t  o c c u r  ou t  of the  Do l i chode r inae  - A n e u r e t i n a e  complex ,  
however ,  i t  r e m a i n s  a v a l u a b l e  d i agnos t i c  c ha r a c t e r  for  b o t h  c lose ly  r e l a t e d  
groups .  
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