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S UMMA R Y 

The factors  t h a t  influenced tile m a t u r a t i o n  and surv iva l  of s u p p l e m e n t a r y  repro-  
duct ives in Porotermes adamsoni (Froggatt)  were studied.  It  was  found  t h a t  the  t ime  
taken  for the  first supp l emen ta ry  reproduct ive  to develop decreased w i t h  increas ing  
tempera ture .  Supp lemen ta ry  reproduct ives  also developed quicker  in l a rger  colonies. 

The weight  of larvae was  not  found  to be a good index of the  l ike l ihood of a 
cul ture  fo rming  supp l emen ta ry  reproduct ives .  The presence of func t iona l  supple-  
m e n t a r y  prevented  the  fo rma t ion  of f u r t h e r  supp lemen ta ry  reproductive~ bu t  w h e n  there  
were no func t iona l  reproduct ives  a n u m b e r  of larvae and n y m p h s  developed into supple-  
m e n t a r y  reproduct ives .  All larvae had  the  potent ia l  to develop in to  s u p p l e m e n t a r y  
reproductives.  

The inh ib i to ry  effect of func t iona l  females  on the  sexual  m a t u r a t i o n  of o ther  
females  appeared to be s t ronger  t han  the  corresponding effect of func t iona l  males  on 
other  males .  It  was  found  t ha t  inh ib i to ry  act ivi ty of func t iona l  reproduc t ives  was  
ephemeral .  The inh ib i t ion  appeared to be ent i re ly  lost  in about  two to f ou r  days,  a f te r  
the  reproduct ives  were taken  out  of the  colonies. 

The t ime  of fo rma t ion  of a s u p p l e m e n t a r y  reproduct ive did appea r  to influence 
its chances of e l imina t ion ;  the  first ones t ha t  developed had  h ighe r  su rv iva l  ra te  t h a n  
those  t h a t  developed later.  Dis turbance  of cul tures  did not  seem to influence e i ther  the  
development  or e l imina t ion  of reproduct ives  in cul tures.  

(*) Present  address  : Laboratoire  de Zoologie, Facult~ des Sciences, bou leva rd  Gabriel, 
F 21000 Dijon. 
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-RESUME 

La production et I'~limination des reproducteurs suppl6mentalres 
chez I~orotermes adamsoni (Froggatt) 

(Isoptera, Hodotermitidae) 

L'appar i t ion  des premiers  reproducteurs  supp l6men ta i r e s  est p lus  rapide qua nd  
la t emp6ra tu re  a u g m e n t e ;  le d6veloppement  de ees reproduc teurs  est 6ga lement  p lus  
rapide dans  les g randes  colonies. 

I1 n 'y  a pas  de eorr61ation net te  entre le poids des larves  et l ' appar i t ion  des sexuSs 
supp l6menta i res  dans  les 61evages. Toutes les la rves  ont  la  potent ia l i t~  de se sexnal iser .  

Lorsque,  dans  u n  61evage, il n 'y  a pas  de sexu~s fonct ionnels ,  un  g rand  nombre  de 
la rves  et de n y m p h s  se t r a n s f o r m e n t  en sexuSs supp l6menta i res ,  ma i s  les sexu6s suppl~- 
men ta i r e s  fonc t ionne ls  inh ibcn t  la fo rma t ion  de n o u v e a u x  sexu~s. Toutefois ,  cette 
inh ib i t ion  n ' e s t  pas  totale , .Le pouvoir  i nh ib i t eu r  des femel les  su r  l a  m a t u r a t i o n  d ' au t r e s  
femel les  est p lus  61ev5 que le pouvoir  inh ib i t eur  des mfiles vis-h-vis  des mfiles. Quand 
on suppr ime  les sexuSs fonct ionnels ,  l ' i nh ib i t ion  d i spa ra i t  au  bout  de denx h qna t re  
jours .  Le m o m e n t  d 'appar i t ion  des sexu~s supp l6men ta i r e s  pa ra i t  influer sur  leur  chance 
de snrvie  : lcs p remiers  f o r m , s  ont  un  t aux  de survie  m a x i m u m .  Les d~rangements  
apport~s aux  dlevages ne pa ra i s sen t  influeneer ni le d6veloppement  ni l ' d l imina t ion  des 
sexu~s. 

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

W h i l e  t h e r e  i s  no  i n f o r m a t i o n  on  t h e  d i f f e r e n t i a t i o n  of c a s t e s  in  s p e c i e s  of  

Porotermes a g r e a t  dea l  of  r e s e a r c h  h a s  b e e n  r e p o r t e d  on  s u c h  d i f f e r e n t i a t i o n  on  

t h e  E u r o p e a n  K a l o t e r m i t i d ,  Kalotermes flavicollis by  Li~scrtER (1952 a, b, c; 1962, 

1964 a n d  1974) ;  GRASS~ a n d  N o , n o T  (1946, 1960) ;  Ri3PPLI (1969) a n d  o t h e r s  a n d  

on  Zootermopsis b y  CASTLE (1934), LmHT (1942-1943) ;  MILLEn (1969) a n d  o t h e r s .  

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

m e n t a r y  r e p r o d u c t i v e  d i f f e r e n t i a t i o n  in  Porotermes adarnsoni. T h e  f a c t o r s  c o n s i -  

d e r e d  i n c l u d e d  t h e  e f fec t  of s o m e  e n v i r o n m e n t a l  f a c t o r s .  

MATERIALS AND METHODS 

The insects  used  in the fol lowing s tudies  were all  t aken  f rom the Second Valley 
Forest  Reserve in South  Aust ra l ia  as e laborated in the  previous  paper  (MENsA-BoI~su, 1976). 

Most cu l tu res  were kept in 9 em petri dishes.  The bo t tom of the  d ish  was  covered 
wi th  filter paper  discs. A block of wood f rom the appropr ia t e  infes ted  log and  m e a s u r i n g  
8 cm • 4 em • 4 m m  was  placed on the filter paper  and  drops of wa te r  added to the  
top of the  wood. The supp iemen ta ry  reproduct ives  were ma rke d  wi th  nai l  pol i sh  on 
the  head and  t ho rax  as they  differentiated.  Different colours  of nai l  pol ish  were used and  
the  cul tures  were examined  daily. This  made  it possible  for  ind iv idua l  supp l e me n ta ry  
reproduct ives  to be observed as required.  

These  cu l tu res  were held in glass  aqua r i a  and  m a i n t a i n e d  at  25 ~  1 ~ un less  
o therwise  stated.  
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RESULTS 

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

7 groups of 100 larvae and nymphs  were cul tured in  83 cc. JVCcI-GRAsS~ 
tubes at each of the following temperatures  : 15 ~ 20 ~ 25 ~ and 28 ~ The date 
of appearance  of each supplementary  reproduct ive  was recorded f rom the start 
of the experiment .  

Results indica ted  a strong influence of tempera ture  on the t ime taken for 
supplementary  reproduct ives  to differentiate (table I). 

TABLE I, - -  The effect of temperature on the time.in days taken 
to formation of first supplementary reproductives. 

TABLEAU I. - -  R61e de la temp6rature dans la formation des 
premiers reprodueteurs suppl6mentaires (temps exprim6 en 
jours). 

Mean days "l'empcrature aC (7 replicates) Range 

15 33.6 14-39 
20 24.1 22-27 
25 19.9 17-24 
28 15.9 13-19 

A regression equation was calculated for the appropr ia te  values and a 
regression l ine fitted by the method of Least Squares (fig. 1). The value for 
the regression was highly significant (P. < .001). 

The results of these exper iments  showed that development  of supp lementa ry  
reproduct ives  occurred at all temperatures  tested but that the t ime taken  for the 
f i r s t  supplementa ry  reproduct ive  to develop tended to decrease wi th  increas ing  
temperature.  

Wi th in  24 hours  of a termite moul t ing  into a supp lementa ry  rbproduct ive  its 
cuticle has ha rdened  and has turned yel lowish-brown.  As the reproduc t ive  aged 
its cuticle darkened fur ther  and many  sclerites became dark brown.  This  was the 
colour of most mature  supplementary  reproduct ives  collected in  the field. Sup- 
p lementary  reproduct ives  which  developed from early alates or alate intercastes 
were f requent ly  encountered  in  cultures. 

Differences in  s tructure of the different sexes of supplementa ry  reproduct ives  
were also noted. Usually the female has the styles reduced in  size or absent 
although they were present  in female larvae and nymphs.  The seventh sternite 
of female reproduct ives  is larger than in larvae and covers the U-shaped eighth 
sternite and most of the n in th  sternite.  The eighth sterni te  is ent i re  in the 
male reproduct ives  and the seventh is not enlarged. Males also re ta in  the styles. 

No soldiers were  added to the original  cultures but at the end of the expe- 
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r imenta l  per iod  which was 75 days, one cul ture each at 20 ~ and 25 ~ and  
two cultures at 28 ~ had p roduced  soldiers. None of the cultures at 15 ~ 
p r o d u c e d  so ld i e r s .  
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FIG. 1. - -  The effect of tempe-  
rature on the development  of 
supplementary  reproductives.  

FIG. 1. - -  R61e de la tempdrature  
dans le ddveloppement de re- 
p roduc teu r s  suppldmentaires.  

2. Effect of initial-size on the subsequent development  
of  the colony.  

Cul tu res  w i t h  6 r e p l i c a t e s  e a c h  of  20, 50, 100 a n d  200, l a rge  l a r v a e  a n d  

n y m p h s  w e r e  set  up  in  25, 65 cc.  a n d  ( for  t he  l a rge  n u m b e r s )  85 cc.  JuccI-GnAss~:  

t u b e s  r e s p e c t i v e l y .  T h e  c u l t u r e s  w e r e  m a i n t a i n e d  at  25 ~  1 ~ a n d  e x a m i n e d  

da i ly  a n d  the  a p p e a r a n c e  of t h e  f i rs t  s u p p l e m e n t a r y  r e p r o d u c t i v e s  r e c o r d e d  as 

be fo re .  T h e  n u m b e r  of s u p p l e m e n t a r y  r e p r o d u c t i v e s  s u r v i v i n g  as w e l l  as t h e  

n u m b e r  of  b r o o d  in  each  cu l tu re  w e r e  r e c o r d e d  at t he  e n d  of  4.5 m o n t h s .  

T h e  r e su l t s  w e r e  a n a l y s e d  by  r e g r e s s i o n  (Tab le  II).  

TABLE II. - -  The effect of number  of individuals oer culture 
on the t ime taken for first supplementary  reproductives to 
develop. 

TABLEAU II. - -  RSle du nombre des individus en 61evage sur la 
dnrde de format ion des premiers  reproducteurs  suppldmen- 
taires.  

Number Mean time for Range for 
of termites first supplementary first reproductive 

reproductives to form (in (lays) per culture to form (in days) 

20 15.5 13-21 
50 14-.2 12-19 

100 13.5 11-16 
200 10.3 6-13 



P O R O T E R M E S  ADAMSONI  ( F R O G G A T T )  137 

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

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

of  b e s t  fit a n d  t h e  d i f f e r e n c e  in  t i m e  of  d e v e l o p m e n t  p r o v e d  s i g n i f i c a n t .  T h e  F 

v a l u e  w a s  h i g h l y  s i g n i f i c a n t  (P. < .01). I t  c a n  be  c o n c l u d e d  t h e r e f o r e  t h a t  t h e  

l a r g e r  t he  c u l t u r e  t h e  q u i c k e r  t h e  d e v e l o p m e n t  of s u p p l e m e n t a r y  r e p r o d u c t i v e s .  
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FIG. 2. - -  Effect of the  in i t ia l  n u m b e r  of ind iv idua l s  per  cul turc  on the  t ime  taken  for  
first supp lementa ry  rcproductives to form. 

FIG. 2. - -  RSle du nombre  dcs individus  en dlevage sur  la durde de fo rma t ion  des premiers  
reproductcurs  suppldmentaires .  

No s o l d i e r s  w e r e  a d d e d  to t h e  o r i g i n a l  c u l t u r e s  bu t  s o m e  c u l t u r e s  h a d  

p r o d u c e d  s o l d i e r s  a t  t he  e n d  of t h e  e x p e r i m e n t .  One  c u l t u r e  in  t h e  g r o u p s  con -  

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

p r o d u c e d  a n  a v e r a g e  of 1.3, f ou r  c u l t u r e s  i n  e a c h  of  t h e  g r o u p s  of  o n e  h u n d r e d  

a n d  t w o  h u n d r e d  h a d  p r o d u c e d  a n  a v e r a g e  of  3.3 s o l d i e r s .  

T h e  s ize  of t h e  c u l t u r e  a p p e a r s  to  a f fec t  t h e  t i m e  t a k e n  fo r  s u p p l e m e n t a r y  

r e p r o d u c t i v e s  to d e v e l o p  a n d  t he  n u m b e r  d i f f e r e n t i a t e d .  T a b l e  I I I  i n d i c a t e s  t h a t  

50 o r  less  i n d i v i d u a l s  t e n d  to s u s t a i n  a s i n g l e  p a i r  bu t  m o r e  t h a n  o n e  p a i r  m a y  be  

f o u n d  in  l a r g e r  cu l t u r e s .  T h e  i n f e r e n c e  is  t h a t  t h e  c o n t i n u o u s  d e v e l o p m e n t  of 

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

TABLE III. - -  Number  of supp lemen ta ry  reproduct ives  produced 
in cul tures  of different in i t ia l  sizes. 

TABLEAU III. - -  Nombre de reproducteurs  suppl~menta i res  
obtenus  dans  des 61evages d ' impor tance  in i t ia le  diff6rente. 

Initial number Period Mean number 
of individuals of experiment of supplementary 

per culture (months) reproductives 

20 4.5 2.0 
50 4.5 2.0 

100 4.5 2.2 
200 4.5 3.3 

INSECTES SOCXAUX, 1976, T. 23, N O 2. 10 
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a single r ep roduc t ive  pair  wi th  the l ike l ihood that more  than one r e p r o d u c t i v e  

uni t  might  be sustained at numbers  above some undefined number  of ind iv idua l s  

per  culture. In table III, the data suggest that  this threshold  may be s o m e w h e r e  

above 200 larvae per  culture.  

3. Effect of the mean we ight  of  individuals 
in a culture on the number of supplementary 

reproductives produced by the culture. 

Colonies of Z o o t e r m o p s i s  neoadens i s  and N e o t e r m e s  joutel i  vary  in the i r  

abili ty to p roduce  supp lementa ry  r ep roduc t ives  (LIGHT, 1942-1943; LmHT and 

ILL6, 1945; NA6IN, 1972). NAGIN (1972) observed that the increased p roduc t ion  of 

supplementary  reproduc t ives  in N e o t e r m e s  joute l i  was corre la ted wi th  the age of 

the colony. He used the size of pseudergates  as an index of the ages of colonies  
examined.  Because my studies on 19 . a d a m s o n i  indica ted  that  these nfight be 

equally appl icable  to this species, I tested NAfIN'S techniques  in the fo l lowing way.  

Termi tes  were  col lected f rom nine field colonies on the same day. Four  

cultures, each of fifty large larvae and nymphs  from each of these colonies  w e r e  

weighed,  the average weight  of an ind iv idua l  being found. 
Two soldiers  were  added to each of the cultures in an at tempt to p reven t  

the t ransformat ion  of undi f ferent ia ted  larvae  and nymphs  into soldiers.  The  

numbers  of soldiers  used w e r e  de te rmined  by the soldier  to non-soldiers  ra t io  

observed in the field colonies. The  cul tures  were  set up in 9 cm pe t r i  dishes 
and observed daily for 25 days. The  supp lementa ry  reproduct ives  were  r emoved  

as soon as they were  reeognised and the i r  antennal  segments and lnolar  plate 

r idges were  counted.  

The data (table IV) show no consis tent  t rends  relat ive to the inc reas ing  

average weight  of the larvae in the respec t ive  culture groups. Indeed  the 

heaviest  cultures p roduced  fewer  r ep roduc t ives  than some of the l ighter  ones. 

The  var iabi l i ty  in all groups was high.  The  medium group generally" p r o d u c e d  

few reproduc t ives  and was more  consis tent  than the other  two. 

TABW.F. IV. - -  The influence of larval weight on the number of supplementary reproduc- 
rives formed in cultures of P. adamsoni (data from 12 replicates in each category). 

TABLEAU IV. - -  Influence du poids des larves sur le nombre de reprodueteurs apparus dans 
les ~levages de P. adamsoni (r6sultats de 12 experiences de chaque cat6gorie). 

Mean Weight of larva Number of number Mean 
\Veight ( m g )  supplementary of molar number of 
category reproduetives ridges antenna1 

Average Range per culture (Rt. mandible) segment 

Light . . . . . . . . . . .  14.3  12.4-16.0 5.5 18.8 15.7 
Medium . . . . . . . .  16.7 15.8-18.2 2.4 18.9 16.0 
Heavy . . . . . . . . . .  18.2  17.0-20.0 6.9 19.4 17.4 
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All reproduct ives  developed from the larger members  of each culture and 
this is also indicated  by the large number  of molar  ridges and an tenna l  segments 
recorded for them. The results of the exper iment  differ from NAGIN'S f indings for 
Neotermes jouteli but as other factors may be involved, such as daily hand l ing  

of cultures, clear cut conclusions at this stage are not possible. My results do 
suggest, however,  that weight  of larvae is not necessari ly a good index  of the 
l ikelihood of a culture forming reproduct ives  and  that other things such as 
isolation from reproduct ives  and the n u t r i t i o n / e n e r g y  rela t ionships  in  the colony 
are nmre likely to be important .  

4. The influence of functional supplementary reproductives 
on the development of further supplementary reproductives 

in incipient colonies. 

Cultures w i t h o u t  funct ional  supp lementa ry  reproduct ives  appear  to begin 
developing supplementary  reproduct ives  almost immediate ly  after the i r  esta- 
b l ishment  and the first mature forms may be recognised in two to three weeks. 
The presence of funct ional  supp lementa ry  reproduct ives  tends to inh ib i t  the 
development  of further supplementary  reproduct ives  in those species in which  
these processes have been studied. 

The si tuat ion in Porotermes was u n k n o w n  and was therefore examined in 
the fol lowing ways : 

4.1. The Inhibition of the development of new supplementarg reproductives bg 
matured supplementary reproductives. 

50 larvae and nymphs  were cul tured in 9 cm petri  dishes. A pai r  of repro-  
ductives was taken from bulk cultures, each was marked and then smeared with 
gut contents  from larvae of the culture to which  it was added (CASTLE, personal  
comnmnica t ion) .  

Two soldiers were also added to each t rea tment  and control" and all were  
examined daily for 50 days. Each supp lementa ry  reproduct ive  was removed 
from treatments  and controls, as soon as it was recognised. The counts obtained 
for the exper iment  were analysed by the Mann-Whi tney  r U >> test. 

More supplementary  reproduct ives  were formed in control cultures started 
wi thout  funct ional  reproductives.  In i t ia l ly  reproduct ives  developed ra ther  rapi-  

dly, the first being dist inguished in  five days. The rate of formation increased 
for about a further  ten days then declined.  A total of 52 supplementary  repro-  
ductives were formed in  the cultures and compared with seven that formed in  
cultures started with funct ional  reproduct ives .  The difference between the 
numbers  of supplementary  reproduct ives  produced  in the two groups of cul tures 
was highly significant (P ~ .001). 

Three  of the cultures started with func t iona l  reproduct ives  did not p roduce  
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any new reproduct ives  and none of the reproduct ives  or ig inal ly  added was  lost 
dur ing  the exper iment .  

Func t iona l  (matured)  supplementa ry  reproduct ives  p reven ted  the format ion  of 
fur ther  supplementa ry  reproduct ives .  

4.2. Stabilisation of the production of new supplementary reproductives i n  
orphaned colonies. 

In  earl ier  exper iments  I had not iced that r stabil i ty >> of the colony struc- 
ture occurred  about the 30th day after es tabl ishment  of the cultures. r Stabi- 
lity >) in  this case is denoted by the fact that number  of reproducives  p roduced  
was about equal to the number  el iminated.  

The fol lowing exper iment  was designed to test the effect of r emoving  repro-  
ductive units.  

11 groups of 50 large larvae and  nymphs  plus two soldiers were cul tured  in  
9 cm petr i  dishes. The cultures were observed daily a n d  new supp lemen ta ry  
reproduct ives  p roduced  were chil led at 0 ~ and marked  on head and thorax  
with different colours of nai l  polish as soon as they were  recognised.  After 
cultures had been observed for 55 days, the supplementary  reproduct ives  sur- 
v iving in six cul tures were taken out whils t  those in five cultures were  re ta ined.  
New supplementar ies  in both cultures were recorded and  marked  as before. 

New supplementa ry  reproduct ives  began to appear about 10 days after the 
reproduct ives  were  removed from the six cultures and increas ing  nmnbe r s  
appeared over the next 15 days. No new reproduct ives  appeared in the controls.  

It appears  then that in stable colonies of small numbers  of termites,  exist ing 
reproduct ives  ei ther  inh ib i t  the matura t ion  of other supplementa ry  reproduct ives  
or st inmlate their  e l imina t ion  soon after they appear.  If the <~ cont ro l l ing  pa i r  >> 
is removed a n m n b e r  of ind iv idua ls  begin to mature  and a per iod  of ma tu ra t ion  
and e l iminat ion  begins. Stabil i ty in this species occurs after some th i r ty  days. 

This  exper inlent  therefore shows that removal of the reproduct ives  un i t  results 
in the same developmental  processes as occur in isolated groups of larvae and 
nymphs:  It provides  an unde r s t and ing  of the processes which  might  occur  in 
natura l  colonies when  either of both of the reproduct ives  are lost or wtrere groups 
of larvae and nymphs  become isolated from the influence of the reproduc t ive  

uni t  in the colony. 

5. Effect of continuous removal  of supplementary reproductives  
that mature in cultures on the rate 

of  development  of reproductlves.  

In  isolated cultures wi thout  a funct ional  reproduct ive  pair ,  a p ropor t ion  
of larvae and  nymphs  t ransform into supplementary  reproduct ives  in  a given 
period (LIGHT and  WEESNER, 1951; Li)SCHER, 1952 a, b, c;  NAGIN, 1972). CASTLE 
(1934) and GRASSI~ and  NOIlaOT (1946) have found that all newly emerged larva 
have the potent ia l  to differentiate into any caste. With t ime therefore all larvae 
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a n d  n y m p h s  in i so la ted  cu l tu res  w i t h o u t  a p a i r  of f u n c t i o n a l  r e p r o d u c t i v e s  

shou ld  t r a n s f o r m  in to  s u p p l e m e n t a r y  r e p r o d u c t i v e s  an d  th i s  w as  t es ted  for  

P. adamsoni. 
A p a i r  of m a r k e d  s u p p l e m e n t a r y  r e p r o d u c t i v e s  an d  two so ld ie rs  w e r e  in t ro -  

duced  in to  each  of 10 cu l tu res  of 40 la rge  l a rvae  and  n y m p h s  in  t h e  e x p e r i m e n t  

d e s c r i b e d  in  4.1. After  one m o n t h ,  five s u r v i v i n g  cul tures  in  w h i c h  all fo r ty  

l a rvae  and  n y m p h s  w e r e  al ive a n d  h a d  not  p r o d u c e d  any  n ew  s u p p l e m e n t a r y  

r e p r o d u c t i v e s  we re  each  d iv ided  in to  two  groups  of 20 l a rvae  a n d  n y m p h s .  One 

g roup  was  c o n t i n u e d  w i t h  the  r e p r o d u c t i v e s  an d  each group kep t  one  of the  

soldiers .  T h e  cu l tu res  w e r e  obse rved  da i ly  for  110 days  and  n ew  s u p p l e m e n t a r y  

r e p r o d u c t i v e s  f o r m e d  were  t aken  out  as soon as they  w e r e  r eeogn i sed .  

Resul ts  are s h o w n  in tab le  V. Two  cu l tures  w i t h o u t  s u p p l e m e n t a r y  r ep ro -  

duc t i ve s  a nd  one cu l ture  w i t h  s u p p l e m e n t a r y  r e p r o d u c t i v e s  w e r e  lost .  At the  

e n d  of the  e x p e r i m e n t a l  pe r iod ,  mos t  l a rvae  an d  n y m p h s  h a d  m a t u r e d  in  those  

cu l t u r e s  f rom w h i c h  con t inuous  r e m o v a l  of r e p r o d u c t i v e s  occur red .  Th i s  con- 

"TABLI~ V. - -  The effect of removing reproduetives tha t  developed in cultures on the matu-  
ration of larvae that  remained, compared with larvae maturat ion in stable colonies 
(period of experiment 110 days). 

TAaLEaU V. - -  R6sultat du retrai t  des reproducteurs se d4vcloppant dans les 61evages sur 
la maturat ion des autres larves, par eomparaison avee des larvcs situ6es dans des 
colonies stables (dur6e de l'exp6rience : 110 jours). 

Mean Meau Number of 
uumber number reproductive 

Group of larvae of larvae formed during 
at start/ at end/ experiment/ 
c u l t u r e  e u l l u r e  e u n u r e  

With reproductives remov- 
ed . . . . . . . . . . . . . . . . . . . .  20 

With reproductives retain- 
ed (stable colonies) . . . . .  20 

1.7 13.7 

14.5 0.5 

f i rms the  resul t s  of CASTLE and  NOIROT for o the r  species  and  e m p h a s i e s  tha t  all 

l a rvae  in these  <( lower  ~ t e rmi t e s  r e t a i n  the  ab i l i ty  to n m t u r e  sexua l ly  for  the  

g rea te r  pa r t  of t h e i r  lives. The  resu l t s  also s u p p o r t  ea r l i e r  da ta  t h a t  i nd i ca t e  

t ha t  f u n c t i o n a l  r e p r o d u c t i v e s  in  smal l  colonies  exer t  some con t ro l  ove r  matu-  

r a t i o n  of larvae.  

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

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

W h e n  a p a i r  of f u n c t i o n a l  s u p p l e m e n t a r y  r e p r o d u c t i v e s  was  i n t r o d u c e d  in to  

cu l tu res  of l a rvae  and  n y m p h s  f u r t h e r  d ev e lo p men t  of s u p p l e m e n t a r y  r ep ro -  

duc t ive  was  usual ly  p reven ted .  It is not  known ,  howeve r ,  h o w  th e  i n d i v i d u a l  
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sexes affect this i nh ib i t ion  of sexual matura t ion.  It has usual ly  been found  that 
males inh ib i t  the matura t ion  of other males and females inh ib i t  ma tu ra t ion  of 
females. To provide  evidence on this inh ib i t ion  in  P. adamsoni I designed the 

following exper iment  : 

Cultures of 50 larvae and  nymphs  were established in  9 cm pet r i  dishes. 
A supplementary  reproduct ive  was added in  the way descr ibed in  4.1. 

The fol lowing combina t ions  of funct ional  reproduct ives  were added to the 
cultures : 

one male, two males, one male and one female, 

one female, and two females. 

The control  cultures had no reproductives.  

There  were six replicates of each treatment .  The supp lementa ry  reproduc-  
tives that developed were taken and their  sex was determined.  Due to increa-  
s ing mortal i ty  in  some cultures, the per iod of the exper iment  var ied from 21 to 

33 days. 

The numbers  of supplementa ry  reproduct ives  formed in  the cul tures of the 
control were compared with the fol lowing t r ea tmen t s :  a single female, two 
females, and a male and female, using the F r i edman  two-way analysis  of var iance.  

Because some of the cultures with a single male and some with two males died, the 
surv iv ing  ones were compared separately with the control  and wi th  each other 
using the Mann-Whi tney  << U >> test. 

As found in earl ier  experi lnents,  more larvae and nymphs  t rans formed into 
supplementary  reproduct ives  in the control  (having no rep roduc t ive  uni t)  than  
in any of the treatments.  There  was a significant  difference between the num-  
ber of reproduct ives  formed in  the controls  and those recorded for t rea tments  
having, 

(i) a single female, (ii) two females and (iii) a pa i r  of reproduct ives  (P < 0.1 
in each case). 

The least nu lnber  of t ransfornmt ions  occurred in those t reatments  hav ing  one 
male and one female (a reproduct ive  unit) .  

The differences in the number  of reproduct ives  formed in  the controls  and 
in the t reatments  having  a single male or two males per cul ture were signif icant  
(P < 0.5). There  was no difference between the number  of reproduct ives  formed 

in  t reatments  beg inn ing  with a single male or wi th  two males per  culture,  respec- 
tively. The only result  that  proved significant  when  sex rat io was considered 
was the n u m b e r  of reproduct ives  formed in  t reatments  hav ing  in i t ia l ly  a single 
female or two females. 

It is clear that funct ional  reproduct ives  inh ib i t  the p roduc t ion  of fur ther  
reproduct ives  to a cer ta in  extent  although this inh ib i t ion  does not appear  to be 
ini t ia l ly  complete. The inh ib i to ry  effect of funct ional  females on the sexual 
matura t ion  of other females appears  to be s t ronger  than the cor responding  effect 
of funct ional  males on other males (table VI). 
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TABLE VI. - -  The effect of func t iona l  reproduct ives  of one sex on the  sexual  m a t u r a t i o n  
of l a rvae  of the  same sex. 

TABLEAU VI. - -  Influence des reproduc teurs  fonct ionnels  d 'uu  m6me sexe sur  la ma tu -  
ra t ion  des larves  du m~me sexe. 

Initial mature Number 
reproductives Number of reproductives Total reproductives 

present of cultures matured per culture matured 
that sutwived 

Male Female Male Female Male Female 

1 1 6 0.33 0.33 2 2 
1 0 5 1.60 1.60 5 8 
0 1 6 2.33 0.17 12 1 
2 0 4 1.25 1.50 5 6 
0 2 6 1.67 1.0 10 6 
0 0 6 3.33 1.67 20 10 

7. T h e  t ime  r e q u i r e d  for  l a r v a e  and  n y m p h s  to r e s p o n d  

to t he  a b s e n c e  o f  a pa ir  
o f  f u n c t i o n a l  s u p p l e m e n t a r y  r e p r o d u c t i v e s .  

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

b e e n  i s o l a t e d  f r o m  t he  r i n f l u e n c e  >> of t h e i r  o r i g i n a l  r e p r o d u c t i v e s .  

I t  s e e m s  l i k e l y  t h a t  t h e r e  is  a c r i t i c a l  t i m e  a f t e r  l a r v a e  a n d  n y m p h s  a re  so 

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

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

d e s i g n e d  to d e t e r m i n e  w h e t h e r  s u c h  a c r i t i c a l  t i m e  e x i s t s  in  P. adamsoni, fo r  

t h i s  i n h i b i t i o n  to b e c o m e  e f fec t ive .  

E a r l i e r  e x p e r i m e n t s  i n d i c a t e d  t h a t  t h e  a d d i t i o n  of  a <~ r e p r o d u c t i v e  u n i t  ~ 

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

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

t i m e  t a k e n  fo r  t h e  i n h i b i t o r y  e f fec t  to b e c o m e  o p e r a t i v e  m i g h t  b e  to f i nd  ou t  h o w  

l o n g  i t  t a k e s  f r o m  e s t a b l i s h m e n t  of a c u l t u r e  to  a d d i t i o n  of  a r e p r o d u c t i v e  u n i t  

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

m e n t s  a n d  c o n t r o l s .  

30 g r o u p s  e a c h  of 50 l a r v a e  a n d  n y m p h s  a n d  t w o  s o l d i e r s  w e r e  c u l t u r e d  i n  

9 cnl  p e t r i  d i s h e s  u s i n g  d e s c r i b e d  t e c h n i q u e s .  A p a i r  of  s u p p l e m e n t a r y  r e p r o -  

d u c t i v e s  w a s  a d d e d  to  e a c h  of  f ive c u l t u r e s  on  d a y  ze ro  (i.e. t h e  d a y  t h e  e x p e r i m e n t  

w a s  s t a r t e d )  : a n o t h e r  p a i r  w a s  a d d e d  to e a c h  of  f ive c u l t u r e s  o n  d a y  one ,  two ,  

f ou r  a n d  e igh t .  T h e r e  w a s  a c o n t r o l  of f ive c u l t u r e s  w i t h o u t  r e p r o d u c t i v e s .  T h e  

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

r e c o g n i s e d .  

Resu l t s  a r e  p r e s e n t e d  in  t a b l e  VII.  

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

e p h e m e r a l .  B e c a u s e  of  t he  s i m i l a r i t y  of r e p r o d u c t i v e  f o r m a t i o n  i n  t r e a t m e n t s  

a n d  c o n t r o l s ,  i n h i b i t i o n  a p p e a r s  to  be  e n t i r e l y  los t  i n  a b o u t  f o u r  d a y s  a n d  p r o -  
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TABLE VII. - -  The time taken for the inhibitory effect of the 
reproductive unit to become ineffective in cultures of P. adam- 
soni. Based on the similarity--numbers of supplementary 
reproductives formed by treatments and controls. 

TABLEAU VII. - -  DurOc de l ' inhibition de l'unit~ reproduetrice 
clans les ~levages de P. adamsoni .  Duties has6es sur la simi- 
litude entre le hombre de reproducteurs suppl6mentaires darts 
les exp6rienees et les t6moins. 

Time before reproductive 
unit added (days) 

0 
1 
2 
4 
8 

Control 

bably in as li t t le as two or three days. 

N u m b e r  of  new r e p r o d u c t i v e s  
t h a t  deve loped  p e r  c u l t u r e  

1.4 
2.6 
4.0 
6.2 

10.2 
7.2 

Of the t rea tments  w h i c h  r ece ived  a pa i r  

of funct ional  supp lementa ry  r ep roduc t ives  each on day one, two out of five did 

not develop new reproduc t ives  but this could have been expected  f rom the 

results of ear l ier  exper iments .  Whi le  no at tempt was made to ident i fy  the inhi -  

bi tory factor,  I bel ieve that two aspects,  << inh ib i to ry  substance >> and (< unused /  

feeding act iv i ty  >> or foraging energy w h i c h  must be intense on the loss of repro-  
duct ives  wh ich  in small colonies are the main  dependents  are important .  These 

effects may be involved  ei ther  independen t ly  or together  in the s t imulat ion of 

sexual matur i ty  in some of the r ema in ing  larvae or nymphs.  Because, in the 

early stage any st imulus in the food regurg i ta ted  or excre ted  by foragers  may be 
spread over  a number  of indiv iduals  in a more  or less random manner ,  the matura-  

t ion of more  than one pair ,  and even di f fer ing  numbers  of each  sex, might  occur .  
This  is the s i tuat ion found exper imenta l ly  in P. a d a m s o n i  and my observat ions  

re in fo rce  the idea that at tempts by larvae  to feed each o ther  might  wel l  p recede  

the matura t ion  of some and the secret ion of the inh ib i to ry  substance by resultant  
s exua l l y  mature  forms wh ich  then inhibi t ,  wi th  inc reas ing  effect, the sexual 

matur i ty  of fu r the r  larvae.  Wha teve r  the t rue si tuation is, there  can be lit t le 

doubt that this hypothesis  satisfies the exper imenta l  and observed  data in most 
respects.  

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

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

Field colonies  of P. a d a m s o n i  had been found to conta in  different  numbers  

of supp lementa ry  reproduc t ives  and labora tory  cultures also developed va ry ing  

numbers  of supp lementa ry  reproduc t ives  wi th  t ime. The  labora tory  exper iments  

descr ibed ear l ie r  in this sect ion showed that  there  were  more  r ep roduc t ives  trans-  

formed than w e r e  sustained in true colonies of the same numer ica l  size, or 

indeed were  present  in each culture at the end of the pa r t i cu la r  exper iment .  
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Such reduc t ion  in  the number  of supplementary  reproduct ives  p roduced  in  
cultures has also been repor ted  in  laboratory cultures of K. flavicollis, N. ]outeli 
and  R. lucifugus (GaAsss and NOIROT, 1960; Li~SCH~R, 1952 b; NAGIN, 1972 and 
BUCHLI, 1956, 1958). These authors at t r ibute cann iba l i sm of extra reproduct ives  
to a defined behaviour  pa t te rn  called r e l iminat ion  >>. This  seems to be related 
to the re la t ionship  be tween the number  of food-producing ind iv idua l s  and 
(( dependent  >> ind iv idua ls  in any culture.  It must  also be inf luenced  by the 
presence of r funct ional  >) reproduct ives  and by the relat ive s t rength of their  
inh ib i to ry  activity. The t r end  towards  the p roduc t ion  of a cer ta in  number  of 
supplementary  reproduct ives  in  cultures of a s tandard  size was examined  to 
determine the method of e l imina t ion  of the surplus ind iv idua ls  for Porotermes. 

8.1. The relationship between time and differentiation and elimination of sup- 
plementary reproductives. 

A certain p ropor t ion  of larvae and nymphs  in  isolated cultures is t ransfor-  
med into supplementary  reproduct ives  in  a given t ime and  such cultures tend 
to <~ stabilise >> about the th i r t ie th  day. Tile fol lowing exper iment  was designed 
to examine the influence of time on different iat ion of supp lementa ry  reproduc-  
tives and e l iminat ion  of those reproduct ives  if indeed  they are e l iminated.  

20 groups of 50 large larvae and nymphs  plus two soldiers all from the same 
colony were cul tured in  9 cm petr i  dishes. The cultures were examined  daily 
for 55 days and the number  of supplementary  reproduct ives  presen t  on each 
day was counted. As the new supplementary  reproduct ives  were recognised,  they 
were chilled at 0 ~ sexed and marked  on the head and thorax.  Different 
coloured nail  polishes were used to separate newly matured  insects  from older 
o n e s .  

Cultures were photographed at seven day intervals  us ing posi t ive films and 
the termites were counted on the film. This technique  reduced the chances of 
in ju ry  to the termites. 

Most cultures had developed their  first supplementa ry  reproduct ives  by the 
seventeenth day while  others var ied up to twen ty-n ine  days from establishment.  
Males ou tnumbered  females as the first supplementa ry  reproduct ives  formed by 
seven to three. 

Most supplementary  reproduct ives  appeared in cul tures between the tenth and 
thi r t ie th  days dur ing  wh ich  time fur ther  reproduct ives,  addi t ional  to the first 
pair,  developed. On the th i r t ie th  day eggs were usual ly present  in  the cultures 
and  it was at about this t ime that fur ther  development  of reproduct ives  markedly  
decreased unt i l  usual ly a reproduct ive  pair  was left in each (fig. 3). Eighty 
per cent of the cultures produced more than a pa i r  of supp lementa ry  repro- 
ductives and 9 % of all larvae and nymphs  cul tured actually t rans formed into 
reproduct ives.  More than  56 % of the reproduct ives  formed were males but tile 
male / female  rat io approached  one with increas ing  time. 

In  most cultures observed, reproduct ives  of the same sex, addi t iona l  to the 
first formed, were eaten by the larvae and nymphs.  E l imina t ion  of male repro- 
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ductives usually p roceeded  much more  quickly  than did e l iminat ion  of females.  

In a few cultures only one r ep roduc t ive  pa i r  was developed and so the re  was  

no e l iminat ion r eco rded  in these. In four  of the cultures in w h i c h  r ep roduc -  

tives cont inued to develop,  somet imes all were  e l iminated and w h e n  the expe- 

r iment  was completed  there  was still only a single r ep roduc t ive  in each of these 

cultures. The popula t ion  of three  of these cultures had decreased to less than  half  

of the i r  or iginal  number  ind ica t ing  that  condi t ions  were  unsat isfactory.  This  

could have been the cause of the e x c e s s i v e  e l iminat ion noted in these cul tures  
wh ich  died out ten days later. A culture wh ich  developed a single female  and 

three male reproduc t ives  e l imina ted  the female leaving the three males,  whi l s t  
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Fie,. 3. - -  The development of supp lemen tary  reproduetives in cultures of Porotermes  

adamsoni  with time (data from 20 cultures). 

FIG. 3. - -D~ve loppement  des reproducteurs suppl6mentaires dans les dlevages chez 
Porotermes adamsoni  en fonction du temps. 

another  p roduced  four  females and one male, but none were  e l iminated.  One 

culture p roduced  only nmle supp lementa ry  reproduct ives .  

The  t ime of format ion  of a supp lementa ry  reproduc t ive  did appear  to 

influence its chances  of e l iminat ion  (table VIII);  the first ones that  deve loped  

had higher  survival  rate than those that  developed later. 

The format ion of supplementary  r ep roduc t ives  in most isolated c u l t u r e s  of 

larvae and nymphs  of P o r o t e r m e s  a d a m s o n i  is in i t ia l ly  cont inuous  wi th  el imi-  

nation by canniba l i sm or s tarvat ion usually of the later  ones matured.  

There  is, in these results therefore ,  some evidence  for both inh ib i t ion  and 

e l iminat ion of r ep roduc t ives  in P. a d a m s o n i .  In some cases these p h e n o m e n a  do 

not a p p e a r  to be as s trongly developed as has been repor ted  for o ther  species 

and there  is little doubt that the var ia t ion  repor ted  for P o r o t e r m e s  may s o m e t i m e s  
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TABLE VIII. - -  The re la t ionship  between the surv iva l  of in i t ia l  and subsequent  supple- 
men ta ry  reproduct ives  in cul tures  of la rvae  and  nymphs  rnain tened for  fifty-five days 
(data for  twen ty  cultures) .  

TABLEAU VIII. - -  Relat ion entre  les reproduc teurs  suppl6menta i res  in i t i aux  et su ivants  
dans des cul tures  de larves  et de n y m p h e s  d 'une  dur6e de 55 jour s  ( r6sul ta ts  pa r  
20 cul tures) .  

% In i t i a l  s u p p l e m e n t a r y  
r ep ro duc t i ve s  that  s u r v i v e d  

% Subsequent  s u p p l e m e n t a r y  
r ep rodue t ives  tha t  s u r v i v e d  

c~ Total ~ C~ Total 

33 29 62 18 20 38 

be  due  to t h e  c o n d i t i o n s  e x i s t i n g  w i t h i n  p a r t i c u l a r  cu lu r e s .  At  l e a s t  s o m e  of t h e  

p r o b l e m s  i n  c u l t u r e s  a p p e a r  to  be  due  to t h e  d i s t u r b a n c e  n e c e s s a r y  fo r  e x p e r i -  

m e n t s  of t h e  k i n d  I h a v e  d e s i g n e d .  

TABLE IX. - -  The effect of d i s turbance  on surviva l  of cul tures  of P. adamsoni (Mean 
n u m b e r  of i nd iv idua l s / cu l tu re  assessed 12 weeks f rom es tab l i shment .  Each cul ture  
or ig inal ly  of 62 individuals) .  

TABLEAU IX. - -  Effets du d~rangement  darts la survie des cul tures  de P. adamsoni 
(moyenne du nombre  d ' indiv idus /6 levages  de 12 semaines.  Chaque cul ture  compre- 
nan t  h l 'or ig ine  62 individus) .  

Cantrol l)isturhed Disturbed daily Disturbed weekly 
not disturbed daily arter forty-seventh day after forty-seventh (lay 

of establishment of establishment 

55 24 32 48 

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

I n  s o m e  of  t h e  c u l t u r e s  in  p r e v i o u s  e x p e r i m e n t s  all  r e p r o d u c t i v e s  w e r e  

at  t i m e s  e l i m i n a t e d ,  a n d  some  d e c r e a s e d  i n  n u m b e r  of  i n d i v i d u a l s  r e l a t i v e  to 

t h e i r  i n i t i a l  n u m b e r s .  Da i ly  h a n d l i n g  a p p e a r e d  to p l a c e  s o m e  c u l t u r e s  u n d e r  

s t r e s s  a n d  an  e x p e r i m e n t  to tes t  t h i s  p o s s i b i l i t y  w a s  c a r r i e d  out .  

38 c u l t u r e s  e a c h  c o n t a i n i n g  60 l a r v a e  a n d  n y m p h s  a n d  t w o  s o l d i e r s  f r o m  t h e  

s a m e  c o l o n y  w e r e  c u l t u r e d  in  9 cm p e t r i  d i she s .  T h e  c u l t u r e s  w e r e  r a n d o m l y  

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

G r o u p  I :  10 c u l t u r e s  w e r e  da i l y  d i s t u r b e d  ( d i s t u r b a n c e  c o n s i s t e d  of o p e n i n g  

t h e  d i s h e s  to  o b s e r v e  t h e  c u l t u r e  u n d e r  a d i s s e c t i n g  m i c r o s c o p e ) ;  G r o u p  I I :  

10 c u l t u r e s  w e r e  lef t  u n d i s t u r b e d  u n t i l  eggs h a d  a p p e a r e d  i n  al l  c u l t u r e s  of  

G r o u p  I (on  t h e  f o r t y - s e v e n t h  day) .  T h e n  t h e y  w e r e  d i s t u r b e d  d a i l y ;  G r o u p  I I I  : 

e i g h t  c u l t u r e s  w e r e  t r e a t e d  t h e  s a m e  w a y  as G r o u p  I I  b u t  w e r e  d i s t u r b e d  at  

w e e k l y  i n t e r v a l s  a f t e r  t h e  f o r t y - s e v e n t h  d a y ;  G r o u p  I V :  t en  c u l t u r e s  w e r e  lef t  

u n d i s t u r b e d  fo r  t h e  ful l  t h r e e  m o n t h s  of t h e  e x p e r i m e n t .  

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

as sessed .  
T h o u g h  al l  c o l o n i e s  d e c r e a s e d  i n  n u m b e r  of  i n d i v i d u a l s  d u r i n g  t h e  e x p e r i -  

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

( t ab l e s  IX, X a n d  XI).  T h e r e  d i d  no t  a p p e a r  to  b e  a s i m i l a r  s i g n i f i c a n t  e f fec t  of  

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

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

no t  d i s t u r b e d  at  all, d i d  al l  c u l t u r e s  s u r v i v e  t h e  t h r e e  m o n t h s  of t h e  e x p e r i m e n t .  

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

to be  s i g n i f i c a n t  (P  < .01) ( t a b l e  X). 

'FABLE X. - -  Analysis  of var iance  for  the effect of d i s turbance  on survival  of cul tures .  

TABLEAU X. - -  Analyse de var iance  du r61e du d6rangement  sur  la survie des 61evages. 

Variation due to -" d.f. S.S. M.S. V.lq. P. 

Dis turbance . . . . . . . . .  3 6316.68 2105.56 6.1. .Ol 
Error  . . . . . . . . . . . . . . .  34 11735.87 345.17 

T o t a l  . . . . . . . . .  37 18052.55 

TABLE XI. - -  The effect of d i s tu rbance  on the  surviva l  of supp lementa ry  reproduct ives  
tha t  developed in cul tures  of 60 larvae and n y m p h s  (data f rom 32 cul tures  assessed 
at 12 weeks f rom es tab l i shment ) .  

TABLEAU XI. - -  RSle du d~rangement  dans  ]a survie  des reproducteurs  supp l6menta i res  
ob tenus  depuis  des 61evages formSs tie 60 la rves  et nymphes  (r6sul ta ts  de 32 dlevages, 
du ran t  12 semaines) .  

Status of cultures at assessment 
Number of cultures with : 

Group of cultures Less than One pair of More than 
one pair of reproduetives one pair of 

reproduetives reoroduetives 

Control (not d is turbed)  . . . . . . . .  0 
Dis turbed dai ly . . . . . . . . . . . . . .  0 
Dis turbed dai ly a f te r  47 d a y s . .  1 
Dis turbed weekly a f te r  47 days.  0 

7 3 
4 3 
7 0 
5 2 

R e c o r d s  o n  f o r m a t i o n  a n d  e l i m i n a t i o n  of  r e p r o d u c t i v e s  ( t ab l e  XI)  s t r o n g l y  

s u p p o r t e d  p r e v i o u s  da ta ,  as d i d  i n d i c a t i o n s  of  s u p p r e s s i o n  of r e p r o d u c t i v e  

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

e f fec t s  on t h e  sex  r a t i o  of  r e p r o d u c t i v e s  t h a t  d e v e l o p e d .  

1 0 .  T h e  i n f l u e n c e  o f  s e x  r a t i o  o n  t h e  d e v e l o p m e n t  

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

Most  of t h e  c u ] t u r e s  i n  p r e v i o u s  e x p e r i m e n t s  h a d  p r o d u c e d  m o r e  t h a n  a s ing le  

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

l eas t  i n i t i a l l y .  I n  t h e  m o s t  v i g o r o u s  c u l t u r e s ,  t h e  n u m b e r  of s u p p l e m e n t a r y  

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



P O R O T E R M E S  ADAMSONI  (FROGGATT) 149  

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

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

m a y  h a v e  i n f l u e n c e d  t he  r e su l t .  A n  e x p e r i m e n t  w a s  t h e r e f o r e  d e s i g n e d  to t e s t  

t h e  i n f l u e n c e  of  sex  r a t i o  on  t h e  f o r m a t i o n  a n d  s u r v i v a l  of r e p r o d u c t i v e s .  

U s i n g  t h e  9 c m  p e t r i  d i s h  c u l t u r i n g  t e c h n i q u e ,  I e s t a b l i s h e d  c u l t u r e s  of  sui -  

t a b l e  l a r v a e  a n d  n y m p h s  f r o m  t h e  s a m e  co lony .  T h e s e  w e r e  al l  s e x e d  a n d  a s s i g n e d  

to c u l t u r e s  e a c h  of  50 i n d i v i d u a l s  a c c o r d i n g  to t h e  f o l l o w i n g  m a l e  to  f e m a l e  sex  

r a t i o s :  4 : 1;  1 : 4 ;  1 : 1; 50 : 0;  0 : 50. 

E a c h  c u l t u r e  w a s  r e p l i c a t e d  f o u r  t imes .  T w o  s o l d i e r s  w e r e  a d d e d  to e a c h  

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

d a i l y  o b s e r v a t i o n s .  

Resu l t s  a r e  p r e s e n t e d  in  t a b l e  XII.  

TABLE XII .  - -  The influence of the sex ra t io  of la rvae  in in i t ia l  cul tures  on the  fo rmat ion  
of supp lementa ry  reproduet ives  in them (cul tur ing t ime  = 50 days).  

TABLEAU XII .  - -  Influence du sexe ra t io  des larves en cul ture  sur la f o rma t ion  de repro- 
ducteurs  suppl6menta i res  ( temps de cul ture  : 50 jours) .  

Number IniitaI sex of reproductives Number of indiivduals 
ratio of Number produced that survived 

larvae/culture or" cultures per culture per culture 
that 

survived/ 
Female Male group Female Mate (Sex ratio in brackets) 

(female to male) 

50 0 4 4 0 42.00 (42:0) 
0 50 4 0 2.5 36.25 (0:36) 

40 10 4 3.25 1 34.25 (4:1) 
10 40 4 3.25 39.0 (2:9) 
25 25 3 2.3 1.3 35.0 (1:1) 

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

in  e a c h  c u l t u r e  e x c e p t  t h o s e  of  m a l e s  on ly .  I n  t h o s e  c u l t u r e s  w i t h  b o t h  s exes  

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

W h e r e  t h e  s e x e s  w e r e  i n i t i a l l y  equa l ,  f e m a l e s  t e n d  to o u t n u m b e r  m a l e s  a m o n g  
t h e  r e p r o d u c t i v e s  m a t u r e d .  

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

n e w  s u p p l e m e n t a r i e s  t e n d  to be  offse t  b y  t he  r a t e  of t h e i r  e l i m i n a t i o n .  I n h i b i -  

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

l o p m e n t  of t h i s  s t a b i l i s a t i o n  i n  c u l t u r e s  a g a i n  o c c u r r e d  a b o u t  t h e  30 th  day  of 

c u l t u r e .  

D I S C U S S I O N  

I n  a t t e m p t i n g  to de f ine  t h e  b i o l o g i c a l  p a r a m e t e r s  of  t h e  s u p p l e m e n t a r y  

r e p r o d u c t i v e s  ( s u c h  as  i n i t i a l  d e v e l o p m e n t a l  p e r i o d  a n d  a b u n d a n c e ) ,  I h a v e  exa -  

m i n e d  e n v i r o n m e n t a l  a n d  soc ia l  f a c t o r s  ( s u c h  as  i n h i b i t i o n  a n d  e l i m i n a t i o n )  t h a t  

m a y  i n f l u e n c e  b o t h  t h e i r  d e v e l o p m e n t  a n d  s u r v i v a l .  T h o u g h  t h e s e  f ac to r s ,  espe-  
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cially social  factors,  have been reasonably  invest igated,  no a t tempt  has been 

made here  to iden t i fy  p recursors  for any of the behavioura l  responses  noted. 

However  observat ions  and quant i ta t ive  data in cer ta in  of my expe r imen t s  have  

indica ted  that  such factors  and the behav iour  they st imulate are opera t ing  in 

the colonies of this  species.  

The  rate  of t r ans fo rmat ion  of larvae and nymphs  into supp lemen ta ry  repro-  

ductives is s imi la r  to that  r epor ted  for Zootermopsis  but the inf luence of the 

number  of ind iv idua l s  in a cul ture  on the number  of supp lementa ry  r ep roduc -  

tives ma in ta ined  by it appears  to differ (see LmnT and 1LL6, 1945). This  could 

be due to d i f ference  in the e l iminat ion-potent ia l  of the two species. The  abi l i ty  

of larvae and nymphs  to t ransform into supplementary  r ep roduc t ives  appears  to 

be inf luenced by the i r  respec t ive  in termoul t  per iods.  This  assumed, the potent ia l  

of colonies to develop supplementary  reproduc t ives  would  then depend on the 

avai labi l i ty  of recen t ly  moul ted  larvae and nymphs.  This  would  be an adequate  

explanat ion for the observed difference in the nmuber  of supp lementa ry  repro-  

duct ives  formed in different  colonies of P. adamsoni.  It may also expla in  why  

this var ied  wi th  t ime for the same colony as has also been repor t ed  for o ther  

species by L/JSCHER (1952b) and LIGHT and ILLG (1945). My results for 

P. adamsoni  differ  greatly f rom those of ROPLI (1969) for K. flavicollis, ,  but this 

could be expected  not only on ecological  grounds  but also on the fact that  the 

two species are not closely related. The var iab i l i ty  in the number  of supplemen-  

tary reproduc t ives  developed by different  colonies of N. jouleli  (NAOIN, 1972) may 

not be due to the differences he repor ted  in the weight  of ind iv idua l s  of those 

colonies. He used only one rep l ica t ion  and, if  my results wi th  P. adamsoni  are 

any indica t ion  of the var iabi l i ty  that might  occur  in exper iments  of this kind, 
NAGIN'S results should be cons idered  tentat ive until  confirmed. The  same may be 

said about his  re fe rence  to the effect of age of ind iv idual  on the format iou  of 

supplementar ies  by cul tures  of N. jouteli.  The inh ib i to ry  inf luence of suppleiuen-  

tary reproduc t ives  w h i c h  appeared  in cultures of P. adamsoni  in i t ia l ly  wi th  

funct ional  reproduc t ives ,  appeared  to increase  wi th  time. This  has also been 

repor ted  for K. f lavicoll is  (GnAss~ and NOIROT, 1960; Ri)PLI, 1969). 

There  appears  to be a re la t ionship  between two major  factors  in th~ process  

of colony deve lopment  and stabi l isat ion (in the sense I have used it in this text) in 

Porotermes.  These  factors  are : 

(i) The relationship l)etween feeders and dependents involving an imbalance towards 
<< feeding energy >> in the colony when the reproductives are lost. 

(it) When r feeding energy >> is dominated by dependency, because of the number of 
reproductives that are stimulated to mature, cannibalism provides the main way of 
eliminating the extra dependents. The development and elimination of reprodnctives 
stabilises at about the onset of oviposition by the young queen. This strongly suggests 
that the inhibitory suhstances (whatever it may be) is produced and distributed from 
about the time of ovarian maturity. If this is correct, it stresses the importance of 
using functionat reproductives in all experiments on inhibition. The inhibitory sub- 
stance in P. adamsoni appears to be sex-specific, but female reproductives are apparently 
more effective in inhibiting female maturation than males are in inhibiting the matu- 
ration of other males. This suggests that there may be a quantitative difference either in 
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the responses of the sexes or in the potency of the inhibitory substance produced by 
each sex. The inhibition of the development of reproductives was more effective 
when both mate and female reproductives were present which may indicate a syner- 
gistic effect of the substances produced by one sex on those produced by the other. 
This has also appeared to be the case in other termites (see LI6HT and WEESNER, 1951; 
GRASS~ and NoInOT, 1960; LiJSCHEn, 1964 and NA6IN, 1972). 

My results with unisexual  cultures of P. adamsoni where s tabi l isa t ion occur- 
red with time, cast some doubt on Lt~scuER's (1962) hypothesis  that  the distri- 
but ion  of the (( i nh ib i to ry  pheromone  >> is sex specific and that male pseudergates 
(( collect and distr ibute >> female pheromone  and vice-versa. Other research on 
K. flavicollis (GnAss~ and NOIROT, 1960) is supported by my results and  unless 
Li )sc~-n ' s  theory is subsequent ly  confirmed with quant i ta t ive data, it  would 

seem that the type of pseudergate t ransmiss ion  of the inh ib i to ry  substance  postu- 
lated by him must  be considered doubtful.  

In  Zootermopsis the inh ib i to ry  effect of funct ional  reproduct ives  is incomple te  
unl ike in  Kalotermes where  it is completely effective. Usually more  than  a pai r  
of supplementary  reproduct ives  are found in  colonies of Zootermopsis whils t  a 
pa i r  is usually found in colonies of Kalotermes ind ica t ing  that the <( e l imina tory  
factor )) may be weaker  in Zootermopsis (MILLEa, 1969). The in tens i ty  of <( inhi-  
bitory ~) and r e l iminatory  >> factors in  Porotermes appears  to fall be tween  those 
of Kalotermes and Zootermopsis. In  Reticulitermes the inh ib i to ry  effect is very 
weak. Supplementary  reproduct ives  are produced in  p r imary  colonies with 
funct ional  p r imary  reproduct ives  if the nut r i t iona l  equi l ib r ium of the colony is 
favourable (BUcHLI, 1956, 1958). In  Porotermes the inf luence of the inh ib i to ry  
substance is lost with the loss of the reproduct ive  uni t .  This  loss of inf luence 
occurs more quickly in cultures of P. adamsoni from which supp lemen ta ry  
reproduct ives  are removed than in those of Z. angusticollis from which  p r imary  
reproduet ives  are removed (LmnT and  WEESNER, 1951). But it was quickest for 
cultures of K. flavicollis from which  p r imary  reproduct ives  were removed (Ltis- 
CHErt, 1952 a, b). However these tempora l  differences could be due to inna te  cha- 
racterist ics of these species, or differences in reproduct ives  involved (LIGItT, 

1942-1943). 
The dis turbance of colonies of P. adamsoni affected the surv iva l  of the 

nymphs  and larvae but did not inf luence the stabil isat ion of the colony or the 
survival of the reproduct ive  unit .  Fur the rmore  the development  and  e l iminat ion  
of supplementar ies  appeared to proceed similarly in  dis turbed and  und i s tu rbed  
cultures. In other words  the end results in various cultures of fair ly short 
durat ion were s imi lar  whe ther  d is turbed regularly or not. The  pa t te rn  of 
e l iminat ion  of the extra reproduct ives  in cultures of Porotermes compared  well 
with that reported for Kalotermes and Neotermes but differed from that  of its 
closer relative, Zootermopsis (see CASTLe, 1934; Li)scHER, 1952 a, b, c; GRASS~ 
and NoinoT, 1946 and STUART, 1970; NAaIN, 1972). 

Supplementary  reproduct ives  are very conmmn in the galleries of field 
colonies or sub-colonies. However,  the field si tuat ion is extremely complex and 
difficult to unravel .  There  were ins tances  where supplementary  reproduct ives  
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w e r e  p r e s e n t  w i t h  o l d e r  l a r v a e ,  n y m p h s  a n d  s o l d i e r s  b u t  eggs  a n d  y o u n g  l a r v a e  

w e r e  a b s e n t ,  g i v i n g  t h e  i m p r e s s i o n  ! h a t  b r o o d  p r o d u c t i o n  b y  s u c h  r e p r o d u c i i v e s  

is  s p a s m o d i c  or  s e a s o n a l .  A n o t h e r  e x p l a n a t i o n  fo r  t h i s  c o m m o n  s i t u a t i o n  is t h a t  

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

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

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

or  s e p a r a t e  n u r s e r i e s  f o r  e a c h  s u b - c o l o n y .  C e r t a i n l y  n u r s e r i e s  w i t h  r e s i d e n t  

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

by  o l d e r  l a r v a e ,  n y m p h s  a n d  so ld i e r s .  S o m e t i m e s  b o t h  of t h e s e  s i t u a t i o n  a r e  

p r e s e n t  i n  t h e  s a m e  log. 

P o r o t e r m e s  m a y  t h e r e f o r e  ex i s t  e i t h e r  as s e p a r a t e  p r i m a r y  a n d  s e c o n d a r y  

c o l o n i e s  o r  as c o m p l e x  c o l o n i e s ,  t h e  s u b - u n i t s  of w h i c h  m i g h t  be  l o c a t e d  i n  d i f fe -  

r e n t  logs  a n d  s t u m p s  o r  i n  d i f f e r e n t  p a r t s  of t h e  s a m e  log or  s t u m p .  O c c a s i o n a l l y  

u n d e r g r o u n d  ga l l e r i e s ,  i n  use  b y  l a r v a e  a n d  s o l d i e r s  a n d  l i n k i n g  a d j a c e n t  i n f e s t e d  

logs,  h a v e  b e e n  d i s c o v e r e d  d u r i n g  t h i s  s tudy .  T h i s  b e h a v i o u i "  is  s i m i l a r  to  t h a t  

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

t h a t  Hodo termes ,  i n  t h e  s a m e  f a m i l y  as  Poro te rmes ,  is  a s u b t e r r a n e a n  t e r m i t e .  

P e r h a p s  d i s p e r s a l  b y  w h a t  HARrus (1956) h a s  ca l l ed  <~ c o l o n y - b u d d i n g  )> o c c u r s  

in  Poro te rmes .  T h e  c o l o n y - s u p p l e m e n t a r y  c o l o n y  ( s u b - c o l o n y )  r e l a t i o n s h i p  i n  

P o r o t e r m e s  a d a m s o n i  h o w e v e r  r e m a i n s  u n c e r t a i n .  
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