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Control  of P h e r o m o n e  Quantity  in Odor Trai ls  of the Ant Acanthomyops interjectus MAYR 

I t  is necessary  for the  economy of a foraging colony to 
ad jus t  the  n u m b e r  of an t s  leaving the  nes t  to  circum- 
stances.  Af ter  the  d iscovery  of a new food source, the  re- 
tu rn ing  foragers mus t  have  the  abi l i ty  to control  the  flow 
ra te  of recrui ts  according to  the  qua l i ty  of the  bait .  Since 
the  n u m b e r  of workers  responding  to  a t rai l  increases wi th  
increasing a m o u n t  of phe romone  1, th is  regulat ion can be 
achieved by  mass -communica t ion ,  t h a t  is, by  the  adjus t -  
m e n t  of the  percen tage  of re tu rn ing  foragers t h a t  ac tual ly  
lay a trail  a f ter  feeding a t  the  bai t  1, 2. This mechan i sm 
was considered to be sufficient  to expla in  the  f indings t h a t  
a Solenopsis saevissima colony responds  faster  and  more 
s t rongly  to h igh  qua l i ty  food sources t h a n  to poor  ones 1. 
However ,  HANGARTNER 3 d e m o n s t r a t e d  for Solenopsis 
geminata t h a t  the  indiv idual  an t s  which  do lay trai ls  con- 
t r ibu te  to the  effect iveness of the  mass -communica t ion  
sys tem.  They  increase the  con t inu i ty  of the i r  t rai l  laid by  
the  ex t ruded  s t ing wi th  increasing s t a rva t ion  t ime of the  
colony, increasing qua l i ty  of the  food source and decreas- 
ing dis tance  be tween  ba i t  and  nest .  Because the  a m o u n t  of 
t rai l  subs tance  emi t t ed  by  an individual  worker  of this  
species is too minu t e  to  be measured,  no direct  s t a t e m e n t  
could be made  as to whe the r  or no t  a t ra i l - layer  is also 
able to ad jus t  the  q u a n t i t y  of t rai l  subs tance  leaving its 
body  per  uni t  of t ime. 

A canthomyops interjectus is an ideal species in which to 
inves t iga te  all of these po ten t i a l  control  mechan i sms  in 
one exper iment .  The trai l  phe romone  of these  an ts  is 
s tored in the  h ind  gut  and  emi t t ed  t h rough  the  anus. The 
trai ls  consis t  of odorous marks  clearly separa ted  f rom 
each other.  If  the  workers  are allowed to walk over  a 
soot -coated  surface, the  place where  a m a r k  was set  is 
indica ted  by  a series of short ,  parallel  lines crea ted  by  the  
hairs  su r rounding  the  anal  opening 4. The soot t echnique  
therefore  opens  the  possibi l i ty  of de te rmin ing  whe t h e r  or 
no t  an an t  laid a trail  on its way  back  to the  nest ,  and 
how m a n y  marks  each t ra i l - layer  set  per  given d is tance  of 
trail.  The following f indings make  it even possible to dis- 
t inguish  quan t i t a t i ve ly  be tween  s t rong  and weak marks.  
If  a s t rong mark  is made  on a smoked  surface, the  a m o u n t  
of h ind  gut  solut ion released is sufficient  to  wet  the  im- 
med ia te  e n v i r o n m e n t  of the  spot  where  it was depos i ted  
and  to create  a circular, t r iangular  or ell iptical p a t t e r n  of 
var iable  size (Figure 1, a). A weak mark,  on the  o ther  
hand ,  does no t  conta in  enough  phe romone  fluid to spread 
out  on the  soot  and  to cause such a p a t t e r n  (Figure 1, b). 

F ive  t housand  to 10,000 ants  were housed in a plexiglas 
conta iner  (40 • 30 • 15 cm) half  filled wi th  mois t  soil. Be- 
cause t h e y  are comple te ly  sub te r r anean  in the i r  hab i t s  ~, 
t h e y  were t ra ined  for 3 m o n t h s  to  f ind the  food (sugar 
water ,  honey,  Drosophila) outs ide  the  nes t  a t  the  end of a 
glass t ube  (20 • 1.5 cm) which  was inser ted  into an exca- 
va t ion  of t he  tunne l  sys tem.  After  th is  t ime,  t h e y  were 
s t a rved  for 10 days.  A soot-coated  glass slide (35 x 12 X 
1 ram) was t h e n  used as a br idge to connect  the  end of the  

glass tube  wi th  the  food source (HANGARTNERS). The food 
consis ted of 30 m m  8 of e i ther  0.01 or 1 M sucrose solution. 
Ind iv idua l  workers  were allowed to  f ind the  ba i t  and  to  
lay a t ra i l  back  to the  nes t  a f ter  feeding there.  Shor t ly  
before the  re tu rn ing  t es t  animals  reached the  artificial  
nes t  ent rance,  t h e y  were r emoved  and  separa ted  f rom the  
colony for the  rest  of t he  exper iment .  A new slide was 
used for each forager. Af ter  each run,  the  soot  coat ing 
was immed ia t e ly  checked under  a dissect ing microscope 
to  decide whe the r  the  re tu rn ing  forager  had laid a trail.  
In  a posi t ive  case, the  to ta l  n u m b e r  of marks  depos i ted  
on the  br idge were coun ted  and the  propor t ion  of weak 
and  s t rong marks  de te rmined .  

One h u n d r e d  f if ty workers  were tes ted  in th is  way, 
while the  concen t ra t ion  of the  sugar water  used as a ba i t  
was a l t e rna ted  af ter  each single run.  Subsequent ly ,  the  
colony was fed honey  and  cockroaches for 4 days.  Follow- 
ing a second s t a rva t ion  per iod of 1 week, the  whole pro- 
cedure was repeated .  The results  of the  first  expe r imen t  
are r epresen ted  in Figure 2, a-c .  

Figure 2, a shows t h a t  mass -communica t ion  also works 
in A canthomyops inter]ectus. More re tu rn ing  foragers lay a 
t rai l  a f te r  con tac t ing  the  good food source t h a n  a f te r  
feeding at  the  poor  bai t .  The  con t r ibu t ion  of an indiv idual  
worker  in control l ing the  a m o u n t  of phe romone  in t he  trai l  
according to  t he  qua l i ty  of the  food by  vary ing  the  fre- 
quency  of marks  can be seen in Figure  2, b. If a r e tu rn ing  
an t  lays a trail,  the  n u m b e r  of t ouchdowns  grows larger 
w i th  increasing concen t ra t ion  of t he  sucrose solution.  The 
workers  t h a t  filled the i r  crop wi th  1 M sucrose set  a lmost  
twice as m a n y  odorous marks  t h a n  the i r  ne s tma te s  
which  were offered only 0.01 M sucrose solut ion as food. 
Since the  var ia t ion  of the  f requency  of marks  is mere ly  
ano the r  way  to  control  the  con t inu i ty  of the  trail,  th is  
resul t  is fully in accordance wi th  t he  corresponding da t a  
ob ta ined  for Solenopsis geminata 8. I t  is cer ta inly  in teres t -  
ing to  see t h a t  2 species, which use comple te ly  di f ferent  
t ra i l - laying techniques ,  app ly  similar  control  mechan i sms  
in order  to  achieve the  same goal. 

The mos t  in te res t ing  ou tcome of th is  expe r imen t  is the  
one d isplayed in Figure 2, c. I t  shows t h a t  the  p ropor t ion  
of s t rong marks  increases wi th  increasing food qual i ty.  
This  indica tes  t h a t  besides va ry ing  the  f requency  of 
marks,  the  workers  are also able to  ad jus t  the  a m o u n t  of 
phe romone  fluid released per  m a r k  to  c i rcumstances .  
HANGARTN]~R 3 specula ted  t h a t  t ra i l - laying workers  of 
Solenopsis geminata can control  t he  q u a n t i t y  of phero-  
mone  leaving the i r  body  per  uni t  of t ime  according to the  

1 E. O. WILSON, Anita. Beh. 10, 134 (1962). 
2 E. O. WILSON, Anita. Beh. I0, 148 (1962). 
s W. HANGARTNER, Z. vergl. Physiol. 62, 111 (1969). 
4 W. HANGARTNER, J. Insect Physiol. 75, 1 (1969). 

M. W. WINe, Mere. Cornell Univ. agric. Exp. Stn. 405, 1 (1968). 

Fig. 1. Negatives of marks set by a trail-laying 
worker of Acanthomyops inter]ectus on a soot- 
coated glass plate. (a) Strong mark: the 
amount of hind gut solution is large enough 
to spread out on the soot and to create a ge- 
nerally circular pattern. (b) Weak mark: the 
quantity of pheromone fluid emitted is not 
sufficient to spread out. Only the lines drawn 
by the tip of the abdomen and by the hairs 
are seen. The arrows indicate the direction of 
running. 
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q u a l i t y  of the  food source.  For  Acanlhomyops interjectus, 
t h i s  p red ic t ion  n o w proves  to be r ight ,  a t  leas t  for 2 ba i t s  
of d i f fe ren t  sweetness .  

Since the  resu l t s  of t he  repe t i t ion  were a l m o s t  iden t i ca l  
w i th  t h e  ones j u s t  descr ibed,  we can  conc lude  t h a t  t rai l -  
l ay ing  in Acanthomyops inter]ectus is no t  an  a l l -or -none  
response .  E a c h  t ra i l - l ayer  can  regu la te  i ts  c o n t r i b u t i o n  to 
t he  t ra i l  in 2 ways ,  i.e., by  v a r y i n g  t he  f r e q u e n c y  of 
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Fig. 2, a c. The mechanisnis used by Acanthomyops inter#ctus to 
control the autount of pheronione in trails connecting the nest with 
2 food sources of different quality (0.01 and 1 M sucrose solution). 
(a) Adjustment by varying the percentage of trail-layers. Nulnber of 
ants tested: 1 M sucrose - 75; 0.0l M sucrose 75. (b) Adjustment 
by varying the number of marks set by an individual forager per 
3.5 cm of its trail. Number of trails evaluated: 1M sucrose - 67; 
0.0IM sucrose ~ 49. Indicated are mean, standard deviation and 
standard errar. (c) Adjustment by varying the percentage of strong 
marks. Total number of marks: 1 M sucrose - 536; 0.01 M sucrose - 
217. The differences in all 3 cases are significant at the 0.1% level 
(z2-test and t-test, respectively). 

odorous  m a r k s  a nd  by  cont ro l l ing  t he  a m o u n t  of phero-  
m o n e  f luid re leased per  m a r k .  The  a d j u s t m e n t  of t he  
p h e r o m o n e  q u a n t i t y  in t he  t ra i l  to  t he  q u a l i t y  of t he  food 
in order  to r egu la t e  the  n u m b e r  of workers  t h a t  leave the 
nes t  is there fore  th reefo ld  a n d  shou ld  p rove  to  be a h i g h l y  
effect ive m e c h a n i s m  to e s t ab l i sh  o p t i m a l  fo rag ing  eco- 
n o m y  e. 

Zusammen/assung. Die Menge  S p u r p h e r o m o n  in den  
D u f t s p u r e n  der  A m e i s e n a r t  Acanthomyops inter]ectus 
wird der  Qualit~tt des  F u t t e r s  angepas s t .  Mit  zuneh-  
m e n d e r  K o n z e n t r a t i o n  des  g e b o t e n e n  Zucke rwasse r s  er- 
h 6 h t  s ich der  P r o z e n t s a t z  s p u r e n l e g e n d e r  Amei sen .  J edes  
spu re n l e ge nde  Tier  s e t z t  z u d e m  m e h r  D u f t m a r k e n  pro 
Wege inhe i t .  Gleichzei t ig  n i m m t  a u c h  die Menge  S p u r s u b -  
s t a n z l 6 s u n g  zu, die pro Marke  a usge sc h i e de n  wird. D a  die 
A n z a h l  der  yon  einer  D u f t s p u r  ange lock ten  N e s t i n s a s s e n  
m i t  z u n e h m e n d e r  P h e r o m o n m e n g e  ans te ig t ,  wird ange-  
n o m m e n ,  dass  dieser  d re i fache  K o n t r o l l m e c h a n i s m u s  die 
Zahl  der a u s s c h w g r m e n d e n  A r b e i t e r i n n e n  der  F u t t e r -  
qua l i t~ t  e n t s p r e c h e n d  regul ier t .  
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I n f e c t i o n  w i t h  V i r u s e s  o f  t h e  T a c a r i b e  G r o u p  i n  T h y m e c t o m i z e d  M i c e  

Les ions  d e p e n d e n t  on the  presence  of an t ibod ie s  or 
sens i t ized  cells m a y  be decreased  or p r e v e n t e d  in m a m -  
m a l s  b y  n e o n a t a l  t h y m e c t o m y .  This  was  d e m o n s t r a t e d  
for l y m p h o c y t i c  c h o r i o m e n i n g i t i s ' ,  and  Argen t ine  h e m o r -  
rhag ic  fever  ( Ju n in  virus)2.  In  th is  p r e l i m i n a r y  work  we 
repor t  t h a t  the  cha rac te r i s t i c  su rv iva l  of t h y m e c t o m i z e d  
mice  infected w i th  J u n i n  v i rus  is equa l ly  cha rac te r i s t i c  of 
t h y m e c t o m i z e d  mice  infec ted  w i th  o ther  m e m b e r s  of the  
Taca r ibe  g roup  of v i rus  a,a, w i th  one except ion .  

R o c k l a n d  mice,  a s t r a in  in wh ich  w a s t i n g  disease  fol- 
lowing t h y m e c t o m y  is de layed  5, were t h y m e c t o m i z e d ~  
w i th in  24 h of b i r t h  and  inocu la ted  in t r ace rcb ra l ly  wi th -  
in 6 h wi th  0.02 ml  of m o u s e  b ra in  h o m o g e n a t e  c o n t a i n i n g  
1000 LD/50 doses  of one of the  following m e m b e r s  of the  
Taca r ibe  g roup  of v i rusa '4 :  J u n i n  (RC s t ra in) ,  M a c h u p o  
(Carvallo s t ra in) ,  Taca r ibe  ( T R V L  11573 s t ra in) ,  P i c h inde  
(provided by  Dr. C. SAN MARTIN 4, who i so la ted  th i s  v i ru s  
in Colombia  f rom Oryzomis abbigularis), a n d  A m a p a r i  
(L17.15B strain)�9 N o n t h y m e c t o m i z e d  new-born  R o c k l a n d  
mice  of the  s a m e  age were in jec ted  in t r ace reb ra l ly  w i th  
s imi la r  a m o u n t  of virus.  All mice  were e x a m i n e d  da i ly  for 
neurological  s y m p t o m s  charac te r i s t i c  for t hese  vi ra l  infec- 
t ions  2. T h y r n e c t o m i z e d  mice  wh ich  died s p o n t a n e o u s l y  
or w h e n  the  per iod of obse rva t i on  was  comple te  were 
e x a m i n e d  macroscop ica l ly  and  microscopica l ly  to deter-  
m in e  w h e t h e r  t h y m e c t o m y  was comple te .  Mice wi th  re- 
m a i n s  of t h y m u s  were re jec ted  f rom the  resul ts .  A l m o s t  
all t h y m e c t o m i z e d  mice  infec ted  wi th  Jun in ,  Machupo ,  

Tacar ibe ,  or P i ch inde  v i rus  s u r v i v e d  (98% 100%, 97 ~ 
, / 0  

and  96%, respect ively)  ; all cont ro l  mice  died be tween  the  
5th a nd  21st d a y  af te r  in fec t ion  (Table) a n d  h a d  neuro-  
logical s y m p t o m s  typ ica l  of v i rus  in fec t ionZ In  con t r a s t ,  
ne i the r  t h y m e c t o m i z e d  nor  n o n t h y m e c t o m i z e d  mice  in- 
fected w i th  A m a p a r i  v i rus  s u r v i v e d  longer  t h a n  20 days .  

W e  repor ted  t h a t  J u n i n  v i rus  could be recovered  f rom 
the  b ra ins  of s u r v i v i n g  t h y m e c t o m i z e d  mice  50 d a y s  a f te r  
infect ion.  Se rum an t ibod ies  were ne ve r  de tec ted  in these  
mice  ; sp leen  f rom i m m u n e ,  b u t  no t  n o r m a l  mice inh ib i t ed  
t h e  effect  of t h y m e c t o m y  b u t  i m m u n e  s e r u m  did no t  5. 
These  f ind ings  d e m o n s t r a t e  t h e  i m p o r t a n c e  of de layed  
h y p e r s e n s i t i v i t y  in the  p a t h o g e n e s i s  of in fec t ions  w i th  
J u n i n  virus,  a n d  s t r ong ly  sugge s t  the  s a m e  m e c h a n i s m  
in infec t ions  w i th  v i ruses  of t he  s a m e  group.  In  th i s  s t u d y  
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