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S U M M A R Y  

The influence of the reproductives on soldier product ion was s tudied in two 
species of higher  termites,  Nasutitermes lujae (Nasutitermitinae) and Cubitermes Iun- 
gilaber (Termitinae). In both  species, the royal pair  has a s t imulatory influence on 
soldier production.  The soldier molts  are two to three t imes more  numerous  when 
workers  are reared wi th  the reproductives.  In N. lujae, the king and the queen have 
a n  apparently equal s t imulatory influence. The reproductives act on bo th  induct ion 
and orientat ion of the molts toward  the soldier type. I t  can be now claimed tha t  in 
N. lujae, in which the existence of an inhibitory soldier pheromone  was recently evi- 
denced, the propor t ion  of soldiers results f rom the balance be tween the  s t imulatory  
influences of the reproductives and the inhibitory influences of the soldiers.  The 
hypothetical  na ture  of the royal s t imulatory influence is discussed. 

R E S U M E  

Action stimulatrice de la reine et du roi sur la diff6renciation des soldats 
chez les termites sup6rieurs Nasuti,termes I'ujae et Cubitermes fu~gifaber 

L'influence des reproducteurs  sur la product ion de soldats a 6t6 6tudi6e chez 
deux esp~ces de termites  sup6rieurs, Nasutitermes lujae (Nasutitermitinae) et Cubi- 
termes lungilaber (Termitinae). Dans les deux esp6ces, le couple royal s t imule la pro- 
duction de soldats.  I1 se forme en moyenne 2 /i 3 fois plus de soldats dans les 61evages 
lorsque les reproducteurs  sont prdsents.  Chez N. lujae, le roi est aussi s t imula teur  que 
la reine. Les reproducteurs  agissent h deux niveaux: ils induisent  les mues  et  les 
or ientent  vers le type soldat. On peut  maintenant  aff i rmer  que chez N. lujae, o~ uric 
ph6romone inhibitr ice de soldats a 6t6 r6cemment  raise en 6vidence, la p ropor t ion  de 
soldats r6sulte de l '6quilibre ent re  les actions stirnulatrices des reproducteurs  e t  les 
actions inhibitrices des soldats.  La nature  hypothdtique de Faction st imulatr ice royale 
e s t  discut~e. 



S O L D I E R  D I F F E R E N T I A T I O N  in N A S U T I T E R M E S  and C U B I T E R M E S 2 9 7  

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

The  p r o p o r t i o n  of so ld ie rs  i n  t e r m i t e  colonies  is r e g u l a t e d  i n  m a n y  
species  by  i n h i b i t o r y  m e c h a n i s m s  w h i c h  p r e v e n t  the  d i f f e r e n t i a t i o n  of  com- 
p e t e n t  i nd iv idua l s  t owards  this  cas te  w h e n  soldiers  are a l r e a d y  p r e s e n t  i n  
su f f i c i en t  n u m b e r s  (CASTLE, 1934; MILLER, 1942; LICHT a n d  WEESNER, 1955; 
NOIROT, 1955, SPRINGHETTI, 1969; NAGIN, 1972; RENOUX, 1972; HAVERTY a n d  
HOWARD, 1981; OKoT-KoTBER, 1985), An i n h i b i t o r y  p h e r o m o n e  s e c r e t e d  by  
the  so ld iers  has  r ecen t l y  b e e n  s h o w n  to s low d o w n  or  to  s u p p r e s s  the  
d i f f e r e n t i a t i o n  of n e w  sold iers  i n  a h ighe r  t e rmi te ,  N a s u t i t e r m e s  lujae 
(LEFEtrV~- a n d  BORDEREAU, 1984). 

However ,  as has  b e e n  p o i n t e d  ou t  by  GRASSE 1982, the  soc ia l  r e g u l a t i o n  
of t e r m i t e  colonies  c a n n o t  be  e x p l a i n e d  solely by  the  i n h i b i t o r y  m e c h a n i s m s .  
S u c h  is l ikely  to be  the  case i n  N a s u t i t e r m e s  lujae  in  w h i c h  t he  v a r i a t i o n s  
obse rved  in  so ld ie r  p r o d u c t i o n  sugges ted  t h a t  o t he r  fac tors  a r e  involved .  
Moreover ,  cas te  s t i m u l a t i o n  has  b e e n  c l a i me d  to exist  i n  the  l o w e r  t e r m i t e s  
(MILLER, 1942; SPRINGHETTI, 1969, 1970). 

The  p r e s e n t  p a p e r  r epo r t s  o n  the  ro le  of the royal  p a i r  i n  so ld ie r  
p r o d u c t i o n  i n  N a s u t i t e r m e s  lu jae  ( W a s m a n n )  w h i c h  possesses  a h i g h  per-  
cen tage  of soldiers ,  a n d  i n  a n o t h e r  h i g h e r  t e rmi te ,  C u b i t e r m e s  f u n g i f a b e r  
(S j6s ted t ) ,  a species  w i t h  a low p e r c e n t a g e  of soldiers .  

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

�9 Nasutitermes lujae : 13 arboreal nests of this monogynous species were collected 
in Ivory Coast at different times of the year and sent by plane to France where they were 
stored, until used, in large glass tanks filled with decayed wood in an air-conditioned room 
(T : 28~ RH : 80 %). 

The soldier + presoldier proportion was previously estimated to 18.7 • 2.7 % 
(-~ ~ SD) (LEFEUVE and BORDEREAU, 1984). Soldiers and presoldiers represented 
36.0 - 7.8 % of the small workers + soldiers + presoldiers population. 

Soldiers develop from small workers of the first instar (SwI) through an inter- 
mediary instar of presoldier (NOIROT, 1955). Small workers of the first instar can only 
differentiate to soldiers or to small workers of the second instar (SW2) which are 
easily recognizable with their brownish pigmented head. SW2 are very few in the nests 
and in our experiments we never observed their differentiation, only soldier molts 
occured. 

Termites were reared according to GRASSE and NOIROT 1955 in glass tubes 
(180 • 18 ram) partially filled with sand and containing one piece of wood. 

For this species, our study is based on the comparison of soldier production 
during 30 or 45 days in groups of 200 SW1 reared in the presence or, as controls, in 
the absence of the royal pair. For each nest which always contains only one repro- 
ductive pair, one experiment with queen or/and king and 5 to 9 controls were carried 
out ; reproductives were never used for more than one experiment. 

i �9 Cubitermes fungifaber: 26 nests o f  this monogynous species were collected 
in the forests near Abidjan and the experiments were carried out in Ivory Coast. 
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Soldiers develop from workers through an intermediary presoldier instar (NoiRtyr, 
1955). The soldier + presoldier proportion is 1.6 - 0.17 % (X --- SD) (NoIROT pers. 
com.). 

Groups of 300 workers were reared either in the presence (26 groups) or in the 
absence (91 groups) of the royal pair, in plastic boxes (5 cm in diameter, 1.5 cm tall), 
partially filled with forest humus. Soldier production was estimated after 2 to 6 months 
of rearing. 

Results were analysed with the statistical t and x2 tests. 

R E S U L T S  

I. Nasutitermes lujae 

Results are summarized in table I. 

1. Influence of the queen 

Twelve experiments were carried out  wi th  physogastr ic  queens. Mor- 
tality levels of the controls and of the experimental  groups were generally 
low and did not  differ significantly (t test, p = 0.36 at 4 weeks, p = 0.19 at 
6 weeks). After 4 weeks of rearing, soldier p roduc t ion  in experimental  groups 
(200 SW1 -~ 1 queen) was higher than in controls  (200 SW1) in 7 cases 
whereas soldier product ion in the experimental  groups was equal to or  
lower than that  of the controls in 4 cases. In  one case, soldier product ion  
in the experimental  group was very high (68.5 %) but  the control  was lost. 
After 6 weeks of  rearing, all the experimental  groups p roduced  a signifi- 
cantly higher  percentage of  soldiers than the control  groups (t test, p ---- 
0.004). Soldiers produced in all groups were morphological ly  normal ,  no 
intercaste  was observed. 

Thus the presence of a physogastr ic  queen st imulates the soldier diffe- 
rent ia t ion in Nasutitermes lujae. The mean n u m b e r  of  soldiers p roduced  in 
the presence of the queen is about  twice that  obtained in o rphan  groups.  

2. Influence of the king 

The king does not  become physogastr ic  and of ten leaves the royal 
chamber  during air t ranspor ta t ion of the nest, it was found in only four  
nests. The king also very definitely st imulates soldier differentiat ion 
(table I). After 6 weeks of rearing, its s t imula tory  influence is of  the same 
order  of  impor tance  as that  of  the queen. 

3. Influence of a royal pair 

With one royal pair, soldier product ion  was comparable  to tha t  obtained 
wi th  one queen or  with one king alone (table I). 
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Table I. - -  So ld ie r  p r o d u c t i o n  in  Nasutitermes luiae expres sed  in p e r c e n t a g e  (X - SD) 
in  d i f f e r en t  e x p e r i m e n t a l  g roups  : o r p h a n  g roups  of  200 smal l  w o r k e r s  o f  t h e  f i r s t  
i n s t a r  (SW1) as  con t ro l s  a n d  g r o u p s  of  200 SW1 con ta in ing  e i the r  o n e  q u e e n  (Q), 
one  king (K), o r  one  roya l  p a i r  (Q + K) as expe r imen ta l  g roups .  F o r  e a c h  nes t ,  
5 to  9 con t ro l s  w e r e  ca r r i ed  out.  Dates  c o r r e s p o n d  to  t he  beg inn ing  o f  r e a r i n g  w h i c h  
l a s t ed  f o r  30 (D. 30) o r  45 (D. 45) days.  R is the  ra t io  t e s t  so ld ie r  p r o d u c t i o n /  
con t ro l  so ld ie r  p roduc t i on .  The mor t a l i t y  ra te  is in b racke t s .  

Tableau  I. - -  P r o d u c t i o n  de so lda t s  chez Nasutitermes lujae (expr im6e e n  p o u c e n t a g e s  
(X ~- DS) dans  des  61evages t 6moins  de  200 Peti---ts ouvr ie rs  du  p r e m ] e r  s t ade  
(SW1) et  darts des  61evages t e s t s  de  200 pe t i t s  ouvr ie rs  associ6s h u n e  r e i n e  (Q), 
u n  roi  (K) ou  u n  couple  royal  (Q + K).  P o u r  chaque  colonie,  5 ~ 9 61evages t 6mo i ns  
o n t  6t6 r6alis6s. La d a t e  c o r r e s p o n d  au  j o u r  de  raise en  61evage. La  p r o d u c t i o n  
de so lda t s  a 6t6 es t imde  apr~s 30 (D. 30) ou  45 (D. 45) j o u r s  d'61evage. R r e p r ~ s e n t e  
le r a p p o r t  de  p r o d u c t i o n  de so lda t s  e n t r e  l'61evage t e s t  e t  l'61evage t6moin .  Les 
n o m b r e s  e n t r e  p a r e n t h e s e s  e x p r i m e n t  le t aux  de  mor ta l i t&  

Date  200 SW1 200 SW1 + 1 Queen 200 SW1 + 1 King  

D. 30 D. 45 D30 R D. 45 R D.30 R D. 45 R 

0t-25-84 - -  - -  68.5 . . . . . . .  
(0.0) 

05-30-84 18.4 -- 3.7 - -  76.8 4.2 . . . . . .  
(11.9 ----- 5 . 9 )  - -  ( 9 . 5 )  

07-04-84 13.5 -- 4.4 - -  36.6 2.7 . . . . . .  
( 12 --+ 2.4) - -  (1 .5)  

1~17-84 12.7 • 4.7 - -  10.2 0.8 . . . . . .  
~ (,,.6.~• 3.7) - -  ( 1.5) 

124)4-84 9.8 • 5.3 11.5 • 6.6 19.0 1.9 32.1 2.8 . . . .  
(I0.8 -+- 3.0) (17.4 •  4,1) (10,5) (19.0) 

02-01-85 7.8 -r 1.9 13.8 -----,2.0 5.8 0.7 21.0 1.5 10.1 1.3 23.9 1.7 
( 4.6 -----0.9) (12.7 "4- 4.4) (5.0)  (12.0) (11.0) (20.5) 

04-15-85 24.7 -- 6.6 30.6 -- 7.9 45.0 1.8 54.1 1.8 . . . .  
( 1.8 +-- 0.7) ( 8.9 -- 2.4) (0.0) (8.5)  

04-29-85 8.9 -~ 3.5 11.2 -- 3.5 30.8 3.5 40.8 3.7 20.9 2.4 39.0 3.5 
( 9.9 -+ 1.5) (18.2 - 4.7) (15.5) (20.5) (6.5)  (17.5) 

05-23-85 18.1 -- 5.2 28.2 -4- 5.1 6.1 0.3 35.0 12 . . . .  
( 3.8 +-- 2.2) (10.2 +- 3.0) (1.0)  (10.0) 

06-10-85 11.9 • 2.7 20.0 --~4.5 46.0 3,9 62,0 2.9 . . . .  
(13,3 ----- 2.3) (24.9 -- 1,1) (1.0) (21.0) 

07-09-85 25.0 • 2.9 31.1 ----- 4.0 39.7 1.6 44,7 1.4 35.4 1.4 55.6 1.8 
( 6.8 -4- 1.8) (30.8.4- 4.7) (13.0) (29,5) (9.5)  (28.0) 

08-22-85 26.9 - 5.8 29.9 -- 2.8 26.0 1.0 39.1 1.3 22.2 0.8 34.5 1.2 
( 6.3.4- 2.3) (14.6 -- 3.6) (2.0) (10,5) (1.0) (14.5) 

200 SW1 200SW1 + 1Q + 1 K  

D. 30 D.45 D30 R D.45 R 

01-30-85 12.1 +-- 4.0 15.5 -- 3.0 21.8 1.8 45.9 3.0 
(11.3 ~ 1.8) (14.8 -- 0.6) (3.5) (14.0) 
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II .  Cubi termes ftmglfaber 

Resu l t s  o b t a i n e d  f r o m  26 co lonies  a re  s u m m a r i z e d  i n  table II .  
I t  was  o b s e r v e d  tha t  the  p r o p o r t i o n  of g roups  p r o d u c i n g  so ld ie r s  w a s  

h i g h e r  i n  t hose  c o n t a i n i n g  the  roya l  p a i r  t h a n  in  con t ro l s  a n d  t he  X 2 t e s t  
s h o w e d  t h a t  th i s  d i f fe rence  was  h igh ly  s i g n i f i a n t  (•2 = 12.4787, p = 
0.0004). Moreover ,  of  the  13 co lonies  w h i c h  p r o d u c e d  so ld ie rs  w i t h  the  
roya l  p a i r  ( se r ies  1), 10 c o n t r o l s  p r o d u c e d  so ld ie r s  a n d  37 c o n t r o l s  p r o d u c e d  
n o  soldiers .  Of the  13 colonies  w h i c h  p r o d u c e d  n o  so ld ie rs  w i t h  t he  r oya l  
p a i r  (series 2), 5 con t ro l s  p r o d u c e d  so ld ie rs  a n d  39 con t ro l s  p r o d u c e d  n o  
soldiers .  The  X 2 tes t  shows t h a t  these  c o n t r o l s  of ser ies  1 a n d  2 a r e  n o t  
s i gn i f i can t ly  d i f f e r en t  (X 2 = 1.622, p = 0.2028). So i t  c a n  be  c o n c l u d e d  t h a t  
the  i n c r e a s e d  p r o p o r t i o n  of g roups  p r o d u c i n g  so ld ie rs  ac tua l ly  a r i ses  f r o m  
the  p r e s e n c e  of the  royal  p a i r  a n d  n o t  f r o m  the  colony.  

I f  r e su l t s  a re  expressed  in  p e r c e n t a g e s  (table I I I ) ,  i t  c a n  be  s e e n  t h a t  
so ld i e r  p r o d u c t i o n  in  con t ro l s  is ve ry  low, b u t  the  p r e s e n c e  of the  r oya l  p a i r  
a l lows  fo r  a t h r ee fo ld  inc rease  (t test ,  p = 0.0056). 

Table II. - -  Soldier production in Cubitermes flmgifaber expressed in number of 
producing or non producting soldiers groups after 2 to 6 months of rearing in 
orphan groups of 300-workers or in groups of 300 workers with one royal pair. 

Tableau II. - -  Production de soldats chez Cubitermes fungifaber apr~s 2 h 6 mois d'61e- 
rage dans des groupes orphelins de 300 ouvriers ou des groupes de 300 ouvriers 
contenant un couple royal. (Production exprimde en nombre d'6levages produisant 
ou non des soldats). 

Workers Workers + royal pair 

Groups producing 
soldiers 15 13 

Groups producing 
no soldiers 76 13 

Table III. - -  Soldier production in Cubitermes fungifaber expressed in percentages. 

Tableau III. - -  Production de soldats chez Cubitermes fungffaber exprim6e en pour- 
centages. 

Duration of Orphan groups 300 workers with 
rearing (months) (300 workers) one royal pair 

2 - -  3 0.059 (n = 28) 0.21 (n = 8) 
3 - -  4 0.016 (n = 21) 0.17 (n = 6) 
4 - -  5 0.119 (n  = 28) 0.19 (n  = 7) 

5 - -  6 0.071 (n = 14) 0.13 (n = 5) 

X -- SD 0.066 • 0.042 0.175 • 0.034 
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Thus,  in this species w i t h  a low percentage of soldiers, the royal  pair  
also has a significant s t imulatory influence on soldier product ion.  

Under  our  experimental  conditions, soldier  p roduc t ion  did not  increase 
wi th  time. This could mean that  soldier different iat ion occurs  preferably  
in young individuals. However,  as only 10 % of the normal  soldier  propor-  
t ion was produced,  it may be that  the rearing conditions were  not  opt imal  
for  this delicate humivorous  species. 

D I S C U S S I O N  

1. The stimulatory influence of the reproductives 

The data  presented here  indicate tha t  soldier p roduc t ion  is s trongly 
s t imulated by the reproduct ives in the h igher  te rmi te  Nasutitermes lujae as 
well as in Cubitermes fungifaber. I t  mus t  be r emarked  that  the s t imula tory  
effect  the reproduct ives  have over  small populat ions  of 200-300 workers  may 
be much  greater  than their  effect over  whole colonies of several thousands 
of individuals.  However,  this s t imula tory  action may  be not  s tr ict ly propor-  
t ional  t o . t h e  size of the population, in par t icu la r  if, as we suggest, i t  is of 
pheromonaI  na ture  and media ted  by chemorecept ion  (see w 3). Two other  
cases have been repor ted  in the lower  termites ,  Kalotermes flavicolIis 
(SPRINGHETTI, 1969, 1970) and Prorhinotermes simplex (MILLER, 1942). More- 
over, in HOWARD'S study (1983) concerning the influence of juvenile hormone  
analogues on soldier product ion  in Reticulitermes flavipes, a s t i m u l a t o r y  
effect  of the reproduct ives  could also be noticed. In contrast ,  in Zooter- 
mopsis angusticollis, Z. nevadensis (LuSCHER 1973) and in Macrotermes 
michaelseni (OKOT-KOTBER 1985), the reproduct ives  had  no  apparen t  stimu- 
la tory  influence. However,  in Macrotermes, whethe r  young swarming ima- 
goes or  ma tu re  reproduct ives were  tes ted is not  known. 

Soldier  p roduc t ion  can be increased on average by  twofold  in Nasuti- 
termes lujae, by threefold in Cubitermes fungifaber, when  the reproduc-  
tives are  present .  The soldier molts  are  5 to 6 t imes more  numerous  in 
Kalotermes flavicotlis (SPRINCHETTI, 1969, 1970) and about  3 t imes more  
numerous  in Prorhinotermes simplex (MILLER, 1942) when pseudergates  are 
rea red  in the presence of a royal pair.  However ,  it is difficult  to compare  
our  r e su l t s  obta ined in the higher  termi tes  wi th  SPRINGHETTI' and MILLER'S 
resul ts  because the lower termites  may  easily di f ferent ia te  supplementary  
reproduct ives  when the royal pair  is absent.  So i n  the controls  of Kalo- 
termes and Prorhinotermes, there  is a bias against soldier differentiat ion.  
For  instance,  in P. simplex, 9.5 % of  the soldiers were  p roduced  in 200 
Pseudergates  reared  with a royal pair,  and only 3 % in o rphan  groups. 
However ,  in the la t ter  case, 14.5 % of  the pseudergates  di f ferent ia ted to 
supplementary  reproductives.  Moreover,  in the s tudy .on Kalotermes, tool- 
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t ing specimens  were  r em oved  f r o m  thei r  g roup  unti l  the deple t ion  of  the 
group,  a condi t ion which  suppresses  the social regulat ion and  emphas izes  
the bias previously  noted. 

Our  s tudy shows that,  in N. lu]ae, the  queen and  king have  s imi lar  
s t imula to ry  effects  on the d i f ferent ia t ion  of the worke r s  into soldiers.  
Such is not  the case in K. flavicollis where  the king is m u c h  less eff ic ient  
than  the queen. 

2. Variations in solder  production 

I n  N. lujae, soldier  p roduc t ion  var ies  great ly  wi th  the nests.  Under  ou r  
exper imenta l  condit ions,  this p roduc t ion  depended  on the c o m p e t e n c e  of 
the small  w orke r s  and  on the s t imula to ry  p o w e r  of the reproduc t ives .  The 
soldier ' s  inhib i tory  act ion is also a regulat ing factor,  bu t  as the  f i rs t  
soldiers  do not  a p p e a r  unt i l  a f t e r  3 weeks  of rearing,  this f ac to r  canno t  
significantly in tervene  in o u r  tests.  

The competence  of the worke r s  in the soldier  d i f ferent ia t ion is obse rved  
in contro l  groups  in which the worke r s  are  f ree  f r o m  the s t imu la to ry  or  
inhib i tory  influences possibly  exer ted  by  the o the r  castes.  In  these  controls ,  
for  any given nest,  soldier  p roduc t ion  did not  vary  greatly, indicat ing intra-  
colony homogenei ty .  In  contras t ,  the re  is a grea t  in tercolony va r i a t ion  as 
cont ro l  soldier  p roduc t ion  be tween  d i f ferent  nests  m a y  va ry  f r o m  8 to 
27 % a f te r  30 days of  rearing.  I t  is k n o w n  tha t  the c o m p e t e n c e  of  the 
individuals  in the  soldier  d i f ferent ia t ion  var ies  w i th in  the instar .  According 
to the species, the~individuals  ~ are  iT~Ore"~ompc"te~rt"~t 'time-beginning of  the 
ins ta r  (Macrotermes, OKoT-KoTBER; 1982) or  a t  the  end of the i n s t a r  (Kalo- 
termes, SPRINGHETTI, 1972; Zootermopsis, LUSCHER, 1974). At the  t ime  of  
exper imenta t ion ,  the smal l  w o r k e r  popula t ions  of  N. lu]ae can be  of  dif- 
fe ren t  ages according  to the social env i ronmen t  and the re fore  can  p rov ide  
fewer  o r  m o r e  soldiers. In  this species,  w o r k e r  competence  in so ld ier  dif- 
fe ren t ia t ion  seems to increase wi th  age since the  small  w o r k e r s  r e a r ed  a t  
the t ime  of the opening of the nest  p roduce  fewer  soldiers t han  the  smal l  
worke r s  f r o m  the same nest  inhibi ted by  soldiers for  several  m o n t h s  be fo re  
rear ing  (LEFEUVE and  BORDEREAU, 1984). 

The s t imula to ry  influence of the queen and  the king also var ies  exten- 
sively be tween  the different  nests.  This does not  a p p e a r  to  be  re la ted  to 
the var ia t ions  of  smal l  w o r k e r  competence .  The more  p r o n o u n c e d  st imu- 
la tory  act ions were  observed  in small  w o r k e r  popula t ions  which  p r o d u c e d  
a m o d e r a t e  n u m b e r  of  soldiers in controls .  

As for  these var ia t ions  concerning e i ther  the w o r k e r  c o m p e t e n c e  or  
the s t imu la to ry  influence of the reproduct ives ,  we were  unab le  to detect  
any  re la t ionship  wi th  a seasonal  cycle. However ,  because  of the  smal l  
sample  size this should not  be  in t e rp re t ed  as conclusive evidence t h a t  these  
var ia t ions  do not  occur.  
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3. Nature of the stimulatory action of the reproductives 

The stimulatory action of the royal pair on soldier differentiation was 
suggested to be pheromonal in nature by several authors, but  no proof  has 
been given until now. It is known that the juvenile hormone (JH), the 
hormone of the corpora allata, is highly involved in termite soldier diffe- 
rentiation (LusCHER, 1974; NIJHOUT and WHEELER, 1982). Considering this 
preponderant  role of JH, LUSCHER (1975) suggested that the reproductives 
would induce soldier formation via a pr imer  pheromone activating the cor- 
pora allata, and OKOT-KOTBER (1980) claimed that this allatotrope pheromone 
must act during the competence period. 

In N. lujae, it is clear that weakly competent individuals which would 
be inhibited by the first produced soldiers and maintained as small workers 
in controls, were induced to molt by the reproductives, So the royal pair 
does not only influence the nature of the molt of the individuals which are 
just about to molt, but also triggers the molts. This suggests that the ac- 
tion of the reproductives on the small workers may be prothoracicotropic 
as well as allatotropic. Since the JH prothoracicotropic action, known in 
many insects, has also been observed in termites (WANYONYI, 1974; OKOT- 
KOTBER, 1985), the assumed action of the reproductives on prothoracic glands 
might be carried out through the mediation of the corpora allata. 

Finally, it should be recalled that the first LUSCHER hypothesis (1972), 
taken up by MYLES and CHANG (1984), was that JH itself could act as a pr imer  
pheromone. In this context, we can say that JH analogues can mimic the 
action of the reproductives in N. lujae and therefore have a prothoracico- 
tropic effect (BORDEREAU, to be published). However, new experimentation 
is necessary to determine whether haemolymphatic JH of the reproductives 
(LANZREIN et aI., 1985) are actually partially excreted and distributed among 
the colony. 

It  has recently been demonstrated in Nasutitermes lujae that the soldier 
caste was regulated by a pr imer  pheromone from the soldier frontal gland 
(LEFEUVE and BORDEREAU, 1984). With the new results brought to light in 
this report  on Nasutitermes lujae and Cubitermes fungifaber, it is now 
possible to assert that the soldier proportions result from the balance 
between the stimulatory action of the reproductives and the inhibitory 
action of the soldiers. 

The regulatory mechanisms of the soldier caste are very probably 
pheromonal in nature. However, only the soldier inhibitory pheromone had 
been evidenced until now. Our investigation points again to the homeos- 
tasis of the termite society and shows that the role of the king in this 
phenomenon has certainly been too much neglected in the past. The 
variations in the soldier proportions probably express the adaptation of  
the colonies to the environment for  the best reproduction of  the species. 
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In  this context,  we can say that  the worker  origin of the soldiers,  p resen t  
in many  species, is highly advantageous since the regulat ion of  this  ira- 
product ive  soldier  caste occurs  in active individuals which are  able to  par- 
t icipate in the growth  of the society unti l  their  t r ans fo rma t ion  into sol- 
diers. The energet ic  resources  of the colonies can there fore  be used  to 
greatest  avantage for  the reproduc t ion  of the species. 
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