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R~SUME 

Des 6 t u d e s  du  m 6 c a n i s m e  de la d 6 t e r m i n a t i o n  de s  c a s t e s  chez  les  t e r m i t e s  
o n t  ~t6 f a i t e s  chez  Ncotermes jouteli (Banks ) ,  ( F a m i l l e  K a l o t e r m i t i d a e ) ,  de 
la  F l o r i d e  d u  sud.  On a t rouv6  que  les  p s e u d e r g a t e s  de cet te  esp~ee p e u v e n t  
r 6 p o n d r e  /t l ' i s o l e m e n t  p a r  u n e  p r o d u c t i o n  r a p i d e  et i m p o r t a n t e  de s exu~s  
n 6 o t ~ n i q u e s  (SRs).  De la m ~ m e  fagon ,  la  p r o d u c t i o n  de s o l d a t s  s ' o b s e r v e  ehez  
des  g r o u p e s  d o n t  on  a enlev6 cet te  cas te .  

L ' i n t e n s i t 6  avec  l aque l l e  les SRs se s o n t  p r o d u i t s  ( d ~ n o m m 6 e  IR) va r i e  avee  
la co lon ic  d ' o r i g i ne  des  p s e u d e r g a t e s .  Une  Ia b a s s e  e s t  t rouv~e  ehez  des  
co lon ie s  qu i  a v a i e n t  des  g r a n d s  p s e u d e r g a t e s  et qu i  p r o d u i s a i e n t  des  ai l6s.  
U n e  IR h a u t e  es t  t rouv6e  ehez des  co lon ies  qn i  a v a i e n t  de s  pe t i t s  p s e u d e r -  
ga t e s  et  qu i  ne  p r o d u i s a i e n t  p a s  d 'a i l6s .  On  c o n e l u t  que  Fig  t o m b a i t  avec  

l 'fige de la  co lonic  d 'o r ig ine .  
Chez  les  co lon ies  d ' Ia  h a u t e ,  t o n s  les  p s e u d e r g a t e s  6 t a i e n t  c apab l e s  de se 

t r a n s f o r m e r  en  SRs. Chez les co lon ies  d ' Ia  bas se ,  les  f o r m e s  l a r v a i r e s  de la  
m 6 m e  t a i l l e  que  les  p s e u d e r g a t e s  d a n s  les  co lon ies  d ' In  h a u t e  6 t a l en t  eompl~-  
t e m e n t  i n e a p a b l e s  de se t r a n s f o r m e r  en  SR. 

Les  s e x u ~ s  mfi les  et f e m e l l e s  se son t  t r o u v 6 s  j o u e r  des  r61es d i f f6 ren t s  d a n s  
l ' i n h i b i t i o n  de la t r a n s f o r m a t i o n  en  SR ehez des  g r o u p e s  isol~s.  La f e m e l l e  
a b l o q u ~  c o m p l ~ t e m e n t  la  f o r m a t i o n  de SRs f e m e l l e s  et,  en  pa r t i e ,  la  fo r -  
m a t i o n  de SRs tomes .  Le mil le  a b loqu6 ,  en  pa t t i e ,  la  f o r m a t i o n  de SRs raffles 
et  de SRs  f e m e l l e s  au  m ~ m e  po in t .  En  p lus ,  u n e  pa i r e  de  sexu~s  du  m ~ m e  
sexe  6 t a i t  a u s s i  i n h i b i t r i c e  q u ' u n e  pa i r e  b i s exue l l e .  

Le n o m b r e  de SRs p r o d u i t s  p a r  u n  g roupe  de p s e u d e r g a t e s  isol~s c r o i s s a i t  
avee  le n o m b r e  d ' h e u r e s  p a r  j o u r  d ' a b s e n c e  des  sexu~s .  Les  p s e u d e r g a t e s  
f e m e l l e s  r 6 p o n d a i e n t  m o i n s  h l ' a b s e n c e  des  s exu6s  q u e  les  t omes .  

La t r a n s f o r m a t i o n  en  SR ne p o u v a i t  p a s  ~tre  i nh ib6e  si on  l i m i t a i t  l ' a l i -  
r n e n t a t i o n  des  p s e u d e r g a t e s  isol6s a u  p a p i e r  de f i l t re i m p r ~ g n ~  de g o u t t e s  f6ea-  
les  o b t e n u e s  de 25 p a i r e s  de SRs p a r  j ou r .  Les  s exu6s  avec  des  a n u s  b l o q u 6 s  
6 t a l e n t  c o m p l ~ t e m e n t  i n h i b i t e u r s  p o u r  u n e  s e m a i n e  a p r 6 s  que  des  t ~ m o i n s  
isol~s  c o m m e n . q a i e n t  h se t r a n s f o r m e r .  On a done  cone lu  que  l ' a l i m e n t a t i o n  
p r o e t o d 6 a l e  p r o b a b l e m e n t  n '~ t a i t  p a s  le m 6 e a n i s m e  de  t r a n s m i s s i o n  des  
p h e r o m o n e s  i n h i b i t r i e e s  pos tu l6es .  

(1) T h i s  w o r k  w a s  s u p p o r t e d  by  a Rocke fe l l e r  U n i v e r s i t y  G r a d u a t e  F e l l o w s h i p .  
(2) P r e s e n t  a d d r e s s  : L o n g v i e w  P u b l i s h i n g  Co., 205 W e s t  19th  St., New York,  N. Y. 10011. 
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S UMMA R Y 

Studies  of the m e c h a n i s m  of caste de t e rmina t i on  in t e rmi t e s  were carried 
out  on the  sou thern  Florida Kalotermi t id ,  Neotermes jouteli (Banks).  It 
was  found  tha t  pseudergates  of th i s  species can respond  to i so la t ion  by rapid 
and  extens ive  product ion of s u p p l e m e n t a r y  reproduct ives  (SRs). Similar ly ,  
soldier  product ion was  found in groups  f rom which  th i s  caste was  removed.  

The in t ens i ty  with which SRs were produced (In) was  found to vary  wi th  the 
n a t u r a l  colony f rom which the pseuderga tes  or iginated.  Low I~ was  found 
in colonies which had large pseuderga tes  and produced alates .  High Iu 
was  found  in colonies which had  smal l  pseuderga tes  and  did not  produce 
a la tes .  It  was concluded tha t  Ia declined as a func t ion  of colony age. 

In  h igh  IR colonies all pseuderga tes  were found  to be capable of  SR t r ans -  
fo rmat ion .  In low I~ colonies larval  f o rms  wi th  the  same size characte-  
r is t ics  as pseudergates  of high I~ colonies were found  to be to ta l ly  incapable 
of SR t r ans fo rma t ion .  

Male and  female reproduct ives  were found  to p lay  different  roles in inhi-  
b i t ing  SR t r ans fo rma t ion  in isolated groups.  The  female  reproduct ive 
to ta l ly  blocked female  SR fo rmat ion  and  pa r t i a l ly  blocked male  SR for- 
ma t ion .  The male  reproductive pa r t i a l ly  blocked bo th  male  and  female  SR 
f o r m a t i o n  to the same extent.  In addit ion,  a pa i r  of  reproduet ives  of  the  
s ame  sex was  found to be as fu l ly  inh ib i to ry  as a no rma l  b i sexual  pair.  

The ex ten t  to which an isolated group of pseuderga tes  u n d e r w e n t  SR 
t r a n s f o r m a t i o n  was found to increase wi th  the  a m o u n t  of t ime  each day 
t h a t  reprodnet ives  were absent .  Female  pseuderga tes  were less sensi t ive 
to the  absence of reproduet ives t ha n  males .  

SR t r a n s f o r m a t i o n  could not be inhib i ted  by res t r ic t ing  isolated pseuder-  
gates  to a diet of filter paper  impregna ted  wi th  f resh ly  obtained fecal 
drople ts  f rom 25 pairs  of supp lemeu ta r i e s  each day.  Reproduct ives  wi th  
sealed anuse s  were ful ly  inh ib i to ry  for a week af te r  isolated controls  began 
t r a n s f o r m a t i o n .  It was concluded, therefore,  t ha t  proctodeal  feeding is 
p robab ly  not  the mechan i sm of t r a n s m i s s i o n  of the  pos tu la ted  inh ib i tory  
pheromones .  

Z USAMMENFASSUNG 

Studien des Mechanismus  der K a s t e n b e s t i m m u n g  in Te rmi t en  wurden  an 
Ka lo te rmi t id  Neotermes jouteli (Banks) yon suedl iehen  Flor ida durehgefuer t .  
Es ergab sieh, dass  Pseuderga ten  dieser  Art  a u f  I so l i e rung  mi t  sehnel ler  und  
ex tens ive r  Produkt ion  yon Ersa tzgeseh leeh t s t i e ren  (EG) reagieren.  In 
Gruppen  yon denen diese Kaste en t f e rn t  w a r  fand  m a n  Soldatenprodukt ion .  

Die In tens i t ae t  mi t  der EG prodnzier t  wurde  (I~) w a r  un te r seh ied l i eh  in 
den na tue r l i ehen  Kolonien yon denen  Pseude rga t en  karnen. Niedrige IR 
w u r d e n  in Kolonien gefunden die grosse Pseude rga t en  ha t t e n  und  Imag ines  
produzier ten .  Hohe Ia wurden  in  Kolonien gefunden ,  die kl iene Psender -  
ga ten  h a t t e n  und  keine Imagines  produzier ten .  D a ra us  ka nn  m a n  sehliessen,  
dass  Ia a b n a h m  als  Funk t ion  des Alters  der Kolonie.  

In  Kolonien mi t  hohem IR, fand m a n  dass  alle Pseude rga ten  faehig  zur  



CASTE DETERMINATION IN N E O T E B M E S  J O U T E L I  (BANKS)  

EG T r a n s f o r m a t i o n  waren.  In Kolonien mi t  n iedr igem Ia land  man,  dass 
L a r v e n f o r m e n  m i t  denselben Groessencharakter i s t iken  wie Pseuderga ten  yon 
Kolonien m i t  hohen  Is voellig unfaeh ig  waren  die EG Trans fo rma t ion  zu 
vol lbr ingen.  

Maennl iehe  und  weibliche Geschleehtst iere spiel ten untersehiedl iehe  Rollen 
in der  H e m m u n g  der EG Trans fo rma t ion  in isol ier ten Gruppen. Das weib-  
l iehe Geschleehts t ier  blockierte die weibl iehe EG Forma t ion  voellig und  die 
maenn l i ehe  EG Forma t ion  teilweise. Das maennl iehe  Gesehlechts t ier  bloe- 
kier te  maenn l i ehe  und  weibliehe EG Forma t ion  tei lweise zu demselben 
Masse. Ausserdem findet m an  ein Paa r  Gesehlechtst iere desselben Gesehleehts 
genauso h e m m e n d  wie ein normales  P a a r  versehiedenes  Gesehleehts. 

Das Mass, in dem eine isolierte Gruppe yon Pseuderga ten  die EG Transfor -  
ma t ion  durehmaehte ,  erhoete sieh mi t  der  taegl iehen Ze i t spahne  in der  die 
Gesehleehts t iere  abwesend waren.  Weibl iehe Pseuderga ten  waren  weniger  
empfindl ieh  gegen die Abwesenhei t  von Gesehleehts t ieren als maennl iehe .  

EG T r a n s f o r m a t i o n  en konnte  n icht  gehemmt  werden indem m a n  die 
isol ier ten Pseuderga ten  taeglieh auf  eine Diat  yon F i l t e rpap ie r  mi t  f r isehen 
Tropfen von Darmext raken  yon 25 Paa ren  yon Ersatzgesehleehts t ieren 
besehraenkte .  Ersatzgesehleehtst iere  m i t  versiegel ten Daermen waren  eine 
Woehe voellig gehemmtend,  waehrend  isolierte Kontro l l t ie re  die Transfor -  
ma t ion  begannen .  Daraus ist  zu sehliessen, dass  Dar fue t t e rung  wahresehe in-  
l ieh n ich t  der  Meehanismus ist  zur  Ueber t ragung hypote t i scher  h e m m e n d e r  
Pheromons .  
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INTROD UCTION 

C o n s i d e r a b l e  p r o g r e s s  t o w a r d s  u n d e r -  

s t a n d i n g  t h e  m e c h a n i s m  of  cas te  d e t e r m i n a -  

t i o n  i n  t e r m i t e s  h a s  b e e n  m a d e  t h r o u g h  t he  

w o r k  of LiJSCHER, GRASSE a n d  NOIROT a n d  

o t h e r s  on  t h e  E u r o p e a n  K a l o t e r m i t i d ,  Kalo- 
termes flavicollis. 

I n  a n  e f fo r t  to  c o n f i r m  a n d  e x t e n d  t h e i r  

f i n d i n g s ,  a n  i n v e s t i g a t i o n  w a s  m a d e  of a 

s p e c i e s  of t h e  s a m e  f am i l y ,  n a t i v e  to t he  

C a r i b e a n  r e g i o n ,  Neotermes jotzteIi (Banks ) .  

T h e  p h e n o m e n a  s t u d i e d  i n c l u d e d  cas te  

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

v a r i a t i o n  in  d i f f e r e n t  n a t u r a l  co lon i e s ,  t h e  

c o m p e t e n c e  of l a r v a l  f o r m s  to t r a n s f o r m  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 ,  t h e  e f fec ts  of 

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

t r a n s f o r m a t i o n ,  a n d  t h e  e f fec t  of v a r y i n g  

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

e x p e r i m e n t a l  g r o u p s .  I n  a d d i t i o n ,  a n  

a t t e m p t  w a s  m a d e  to tes t  w h e t h e r  p r o c t o -  

dea l  f e e d i n g  is t h e  m e a n s  b y  w h i c h  p h e r o -  

m o n e s ,  b e l i e v e d  to be  i n v o l v e d  i n  cas t e  

d e t e r m i n a t i o n ,  a r e  t r a n s m i t t e d .  

MATERIALS AND METHODS 

Choice o[ species. - -  A s u r v e y  of t he  

r e a d i l y  a v a i l a b l e  s o u t h e r n  F l o r i d a  K a l o -  

t e r m i t i d a e  i n d i c a t e d  t h a t  Neotermes ]outeli 
( B a n k s )  w a s  t h e  m o s t  p r o m i s i n g  m a t e r i a l  

fo r  s t u d i e s  of  cas t e  d e t e r m i n a t i o n  (NAGIN, 

1970).  P s e u d e r g a t e s  of  t h i s  s p e c i e s  c a n  

r e s p o n d  v i g o r o u s l y  to i s o l a t i o n  b y  r a p i d  a n d  

l a r g e - s c a l e  p r o d u c t i o n  of  s u p p l e m e n t a r y  
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r ep roduc t ives .  In  add i t ion ,  the stages of 
the t r ans fo rma t ion  of  an i nd iv idua l  t e rmi te  
a re  wel l  defined.  Besides southern  F lo r ida ,  
this  spec ies  is na t ive  to the  West  Indies ,  the 
Bahamas and  the eas tern  coast  of Mexico 
(WEESNEn, 1965). 

Col lec t ion  a n d  ex t rac t ion  o[ colonies.  - -  

Logs con ta in ing  whole  colonies  of N. ]outeli  

were  col lec ted  in woods  in Virg in ia  Key 
and Key Largo,  F l o r i d a  in Feb rua ry ,  1967; 
January ,  1968 and  January ,  1969. The logs 
were  t r a n s p o r t e d  to New York and the 
colonies  we re  ex t r ac t ed  wi th in  a month  in 
the l abora to ry .  

By care fu l ly  b r e a k i n g  open the logs 
ent i re  na tu ra l  colonies  were  ob ta ined  wi th  
only a few p e r  cent  morta l i ty .  Immedia -  
tely upon  ex t r ac t i on  a census was ca r r i ed  
out, r e c o r d i n g  the numbers  of pseudergates ,  
soldiers ,  wh i t e  so ld ie rs  and reprodue t ives .  

Def in i t ion  o f  pseuderya te .  - -  The te rm 
pseuderga te  (Gnnss~ and NoInow, 1947), is 
used in the p r e sen t  w o r k  to descr ibe  the 
largest  ap te rous  la rvae  func t ion ing  as wor -  
kers  in any given na tura l  colony.  Wi th  
this  def ini t ion,  the pseuderga te  popu la t ion  
may  inc lude  forms  wi th  different  numbers  
of an tenna l  segments ,  p a r t i c u l a r l y  in imma-  
ture colonies.  However ,  it  was found 
(NA6IN,. 1970) that  in such colonies  la rvae  
wi th  15, 16 or  17 antennal  segments  had  
essent ia l ly  i den t i ca l  head  wid th  d i s t r ibu t ion  
curves  and that  the i r  potent ia ls  to become 
so ld ie rs  or  supp l emen ta ry  r ep roduc t ives  
were  ind i s t ingu i shab le .  

S t o c k  co lony  nes ts .  - -  Fresh ly  ex t rac ted  
colonies  were  t r ans f e r r ed  to s tock colony 
nests cons i s t ing  of glass ba t te ry  jars  15 cm 
in d iamete r  and  20 cm high in w h i c h  a 
l aye r  of stiff (~4  %) Difco Bacto agar  
1.5 cm th i ck  con ta in ing  ~0.5 % Drosoph i la  
mold  i n h i b i t o r  had  been poured .  The agar  
gel, w h i c h  the t e rmi tes  ingest  and b u r r o w  
into,  p r o v i d e s  a long term source of roots- 

ture.  S t r ips  of w o o d  from the co lony ' s  
na tu ra l  nest  were  p l aced  on top of the  agar.  
These  i nc luded  shor t  s t r ips  ly ing  on the 
agar  l aye r  and  long s t r ips  w h i c h  stood 
on the agar  l ean ing  agains t  the wal l  of the 
jar .  The  s t r ips  we re  b road  and  th in  so 
there  was  enough wood  to cover  and feed 
the t e rmi tes  but  not  enough that  they  
became inaccess ib le  upon  bu r rowing .  The 
s t r ips ,  to w h i c h  the t e rmi tes  clung, were  
then  r e move d  w h e n e v e r  expe r imen ta l  orga- 
nisms were  needed.  

The  ba t t e ry  ja rs  we re  covered  wi th  glass 
tops  and s to red  in a da rk  incuba to r  at 26 *C. 
The  nests r e q u i r e d  min ima l  main tenance .  
W h e n  the agar  began to d ry  out, f resh 
s t r ips  we re  added .  F re sh  wood  was  a d d e d  
every  few months .  

Whole  colonies  could  be ma in t a ine d  in 
such nests  indef in i te ly .  Colony growth  
con t inued  and  alates arose  each summer  
in ma tu re  colonies.  

E x p e r i m e n t a l  nests .  - -  Small,  s t anda rd i -  
zed nests in w h i c h  te rmi tes  were  r ead i ly  
access ib le  were  used for exper iments .  
These  cons is ted  on 60 • 20 mm plas t ic  pe t r i  
d ishes  into w h i c h  a th in  l aye r  of stiff agar  
con ta in ing  mold  i nh ib i t o r  was poured .  A 
few flat p ieces  of wood  from the t e rmi tes '  
na tura l  log were  p l aced  on the agar  gel. 
The  wood  could  be easi ly  r emoved  and the 
te rmi tes  t a p p e d  out of the dish. After  
c a r r y i n g  out  wha teve r  expe r imen ta l  mani -  
pu la t ion  was  r equ i r ed  on the termites ,  the 
wood  s t r ips  were  r e p l a c e d  in the pos i t ions  
f rom w h i c h  they  were  taken and the ter-  
mi tes  were  r e tu rned  to the nest. They  
r a p i d l y  r eo rgan ized  themselves  and re-  
p a i r e d  any damage done. 

Groups  of a p p r o x i m a t e l y  50 ind iv idua l s  
fitted comfor t ab ly  in these dishes.  All 
normal  ac t iv i t ies  i nc lud inq  mating,  egg- 
laying,  ha tch ing ,  mol t ing,  alate p roduc t i on  
and  t ropho l l ax i s  have been observed  in 
such nests. 
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RES UL TS 

1. Cas te  format ion .  

1 .1 .  P R O D U C T I O N  OF SUPPLEMENTARY 

REPRODUCTIVES  ( S R s )  

On day zero fifty pseudergates  were  re- 
moved  from a nest of a stock colony headed 

by a single pair  of supplementary  reproduc-  
tives. The pseudergates  were  placed in 

an exper imenta l  nest together  wi th  a few 

(2-5) soldiers  f rom the same stock to supress 

the t endency  towards  soldier  regenerat ion 
wh ich  appears  in the absence of this caste. 

The  number  of soldiers  was determined by 

the p ropor t ion  of this caste in the original  
s tock colony. Each  day beginning on day 

1 the exper imenta l  nest was opened and a 

census was per formed .  Except  during the 
census the nests were  incubated  in the dark 
at 26 ~ 

P r io r  to a molt,  pseudergates,  normally 
brownish ,  empty the i r  guts and appear  

totally whi te  (GRASSY, 1949). The numbers  

of whi te  and b rown  pseudergates were  
noted in thc dail~ census which also inclu- 

ded the number  of SRs, whi te  soldiers and 
soldiers.  

The  census as a funct ion of time is pre- 
sented in figure 1 a for a single exper imen-  

tal group establ ished in 1967 and in figure 2 

for the average of eight exper imenta l  groups 

in 1969. Figure  1 b shows the behavior  of 
a control  group wh ich  contained a pair  of 

SRs f rom the beg inn ing  

It can be seen that  the process of SR pro- 

duct ion  began ve ry  soon after isolation 

f rom the main  colony.  White pseudergates 

began to appear  in 1-3 days and the whi te  

pseudergate  popula t ion  built  up at a very 

rap id  rate. Star t ing on day 4 this rate 

began to level off hut the populat ion of 

whi te  pseudergates  cont inued to grow until  
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20 [ White I f.. )seo,e,gates 
I0 L [ "N. Supplementary 

0 4 8 I2 16 ZO 24 28 
Days of fer  orphaninq 

B 
50- 

4O 

3o 
E 

2O 

Total population 
, / /  

r ~ ~ . .  
~ B r o w n  pseudergates 

White 
pseudergotes 

I0 Suppleme~.ary reproductives / , . 

0 4 12 16 20 4 2e 
Days af ter  orphaning 

FIG. 1 a. - -  SR production in a single group of 
isolated pseudergates, 7-8/67. Group main- 
tained at 26 ~ in the dark. All pseudergates 
with 18 antennal segments. 

FIG. 1 b. - -  Control group from same stock run 
concurrently. All pseudergates with 15 an- 
tennal segments. 

day 8 or 9 when  the first whi te  pseudergates  

molted to become SRs. Thereaf te r  the 

b rown  pseudergates  s topped becoming  
white.  



44 RICHARD NAGIN 

Star t ing on day 10 or 11 tim remain ing  

b rown  pseudergates  began to cannibal ize  

SRs, as ref lected ip the fall of the total po- 

pulat ion.  In some cases SRs were  forced 

outside of the nest 's  galleries where  they 

apparen t ly  s tarved to death, 

The  process  cont inued until  all the whi te  

pseudergates  became SRs and the SR popu-  

lation was r educed  to a single male and 

5O 

Brown " ~ p o p u l a t i o n  

. ~ 3 0  White 

=E pseuder cJates 

Z20 ~ Supplementary ,oZ  
0 4 8 12 16 20 

Days a f ter  o rphan ing  

Fro. 2. - -  SR production in Neotermes jouteli. 
Average of eight groups of pseudergates iso- 

�9 lated from Stock 69-2. Groups maintained in 
dark at 26 ~ 1-4/69. 

female. By approx imate ly  day 24 the group 

had been stabil ized.  Within  the next four  

days, the first eggs appeared.  The ent ire  

process  of r e s to r ing  a reproduc t ive  pair ,  

therefore ,  cost the group four weeks plus 

40 % of its pseudergate  population.  

are shown in figure 3 a. It can be seen that 

it took five to seven weeks  for a whi te  

so ld ier  to arise f rom a pseudergate  and 

then two to three  weeks  for  the whi te  

so ld ier  to molt  to a soldier.  By fifteen 

weeks the groups had res tored  their  normal  

complemen t  of soldiers  and were  thereaf ter  
stable. 

A 

'o~ i - so Pseudergote~ 

z 4o 

Soldiers 20 / -  
White soJdier s 

0 ZO 40 60 O0 I00  IZ0 ~40 
Do)'$ rifler soldier removal 

B 
ioo. 

/ j -~ ,  
Pseudergotes 

~, 60 

Z40  

So ld ie rs  
\ 

0 ZO 40 60 ao io0  120 140 
Days 

Fro. 3 a. - -  Soldier production. Sum of two 
groups, 6-11/67. 

FIG. 3 b . -  Sum of two control groups with 
full complement of soldiers, 6-11/67. 

1.2 S O L D I E R  F O R M A T I O N  

On day zero, fifty pseudergates were  

r emoved  f rom a stock colony nest and 

placed in an exper imenta l  nest together  

wi th  a pa i r  reproduct ives .  In the ini t ia l  

stock colony the soldier  : pseudergate  rat io 
was app rox ima te ly  1 : 1 0 .  Control groups 

w e r e  also set up wh ich  contained 50 pseu- 

dergates plus five soldiers.  
The  results for  two exper imenta l  groups 

Control  groups (fig. 3 b) showed no 

change in soldier  number.  
Although soldier  format ion  did not in- 

volve the massive  overshoot  seen in the case 

o f  SR format ion ,  s i tuat ions  can arise in 

w h i c h  excess soldiers  are present .  Soldier  

e l imina t ion  then occurs.  

For  example,  in the exper imenta l  group 

shown in figure 1 a, the five or iginal  soldiers  

const i tu ted an excess w h e n  the total popu-  

lat ion fell. Two soldiers  were  then kil led,  
thus r e s to r ing  the or ig inal  caste ratio. 
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2. C o l o n y  v a r i a t i o n s .  

2.1. C O L O N Y  S U R V E Y  

On J a n u a r y  6 a n d  7, 1969, 18 n a t u r a l  colo-  

n ies  of Neotermes jouteli w e r e  co l l ec t ed  in 

the  s a m e  w o o d s  on  V i r g i n i a  Key,  F l o r i d a .  

T h e y  w e r e  b r o u g h t  to N e w  York,  J a n u a r y  

9 a n d  e x t r a c t i o n s  w e r e  c a r r i e d  out  beg in -  

n i n g  J a n u a r y  10 a n d  e n d i n g  F e b r u a r y  12. 

I m m e d i a t e l y  u p o n  e x t r a c t i o n  25 p s e u d e r -  

gates  p lus  a p r o p e r  n u m b e r  of Sold iers  w e r e  

i s o l a t e d  f r o m  e a c h  s t o c k  co lony ,  t r a n s f e r r e d  

to e x p e r i m e n t a l  n e s t s  a n d  i n c u b a t e d  at 

26 ~ in  t he  da rk .  SR f o r m a t i o n  w a s  m o n i -  

t o r e d  t h r o u g h  da i ly  censuse s .  In  two  cases  

( co lon i e s  69-14 a n d  69-15) SRs w e r e  r e m o -  

ved  as t h e y  a rose  bu t  in  t h e  o t h e r  g ro u p s  

the  n o r m a l  c o u r s e  of  even t s  w a s  a l l o w ed  

to Occur.  

45 

A s i m p l e  i n d e x  I m w a s  u s e d  as a m e a s u r e  

of  a g r o u p ' s  ab i l i t y  to p r o d u c e  n e w  r e p r o -  

d u c t i v e s  : 

% of original pseudergates which 
t ransformed in 20 days 

[R --- 

d a y s  to the appearance of first 
reproductive after  isolation (T-day). 

T h u s  I s w i l l  be  l a rg e r  t h e  m o r e  p s e u d e r -  

ga tes  t r a n s f o r m  a n d  the  s o o n e r  t r a n s f o r m a -  

t ion  beg ins .  

T h e  w e i g h t s  a n d  a n t e n n a l  s e g m e n t  n u m -  

b e r s  of  t he  p s e u d e r g a t e s  u s e d  w e r e  de t e r -  

m i n e d  at  the  b e g i n n i n g  of  t he  e x p e r i m e n t .  

T e n  s o l d i e r s  f r o m  each  s t o c k  c o l o n y  w e r e  

also w e i g h e d .  

F ina l ly ,  it w a s  n o t e d  w h e t h e r  or  not  

a la tes  a rose  in  t he  s tock  c o l o n y  nes t s  in  

the  f o l l o w i n g  s m m u e r .  

T h e  m e a s u r e m e n t s  c a r r i e d  out  a re  sum-  

m a r i z e d  in  tab le  I, w h e r e  the  da t a  a re  p r e -  

TABLE I. - -  SOME CHARACTERISTICS OF 1 8  NATURAL COLONIES OF N e o t e r m e s  jouteli 
COLLECTED IN THE SAME WOODS ON VIRGINIA KEY,  F L O R I D A  1/6-1/7/69 

AVE. ~VT. AVE. NO. 
ANTENNAL 

PEs (mg) SEGSiENTS 

9.7 14.6 
11.0 13.3 
12.8 14.5 
13.3 15.0 
13.5 16.4 
10.7 13.2 14.2 14.8 
11.3 'I4.1 
28.5 17.2 
11.4 14.0 
12.7 16.0 
9.9 13.9 

22.9 16.5 
21.0 16.1 
21.1 17.0 
24.9 23.1 16.6 16.4 
28.2 17.3 
20.8 16.4 
22.8 14.8 

AVE. ~VT. 
SOLDIERS 

(rag) 

18.7 
11.4 
16.6 
18.8 
29.3 
13.0 22.0 

POPU- 
l aTION 

25.4 
18.3 
14.4 
30.4 
15.5 

49.3 
39.7 
4.1.8 
37.9 42.8 
49.1 
43.1 
28.9 

RATIO 
PE : 

(PE) (S+WS) 

I50 t5 I 2SR 
280 7 1 2SR 

1040 15 1 2SR 
760 38 1 ? 

1780 17 1 ~PR, 
500 9 1 2SR 

8 
8 

8 

5 

10 
24 
18 
12 

1 2PR 
1 2PR, 

2SR 
2PR 

1 2SR 

1 2PR 
1 2SR 
1 2PR 
1 2SR 
1 2SR 
1 2SR 
1 2PR 

670 
700 
920 
670 
310 

910 
550 

1320 
210 

1270 
960 
400 

REPRO- 
DUCTIVES 

c~SR 

(;SR 

ALATES 
IN 

SUMMER 
69 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

~sed on peak of pre t ransformat ion  white pseudergate b loom;  (b) = 
T-day = t ransformat ion  day - day following orphaning on which first 

= pseudergates;  SR ----- supplementary  reproductive ; PR ---- p r imary  
s; ~VS ---- white soldiers;  Ia = index of regeneration.  

INSECTES SOCIAUX, TOME XIX, N ~ 1, 1972. 4 
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L . ,fT. 
. . . . . . .  -~ Colony I R Ave. wt. 

2 ~  69- PE(mg) 
I0t" ~ -  /B  15 6.5 9.7 

o 

the basis of the number  of 

wh i t e  pseudergates  present  
Alates 

the day before the first SRs 

- appeared.  Tile t rue I R for 

colonies  69-11 and 69-18 was 

probably  somewhat  h igher  

than that  found since the 

morta l i t ies  for these colonies 
were  high. 

When  the data are presen 

ted as in table I it is seen that 

the colonies fell into two 

+ g r o u p s :  those in wh ich  the 

pseudergates  and soldiers  

were  large and those in 

wh ich  they were  small. The 

large indiv iduals  we ighed  

almost twice  as much  as the 

small ones and usually had 

more  antennal  segments.  

The colonies wi th  large 

indiv iduals  tended to have 

low IR'S and to p roduce  

+ alates. The colonies wi th  

small ind iv iduals  tended to 
have high Iu's and did not 

p roduce  alates. By defini- 

tion, colonies w h i c h  do not 
p roduce  alates are immature.  

In addi t ion,  colonies wi th  

small ind iv iduals  began to 
p roduce  SRs sooner  than 

colonies  wi th  large indivi -  

duals. 
There  are a few except ions  

to these general izat ions.  Co- 

lony 69-16, wi th  a med ium I R 

of 2.7, consis ted of large indi-  

viduals  and did p roduce  alates. On the 

o ther  hand,  colony 69-14, wi th  a high I• of 

5.5 and small  individuals ,  p roduced  alates. 

Colony 69-11 wi th  very  small ind iv iduals  

began SR produc t ion  ra ther  late (day 11) 

and p roduced  few SRs (I R -----1.5). How- 

ever,  the test group used in this case was 

I ~B 
~SR 

2 5.5 13.3 

,o~:._K~ ~ .  _ 16 2 7  2 8 . 5  

o L/  , ~ - , ~  
r ~  

E 

:~ 20 B 

o 

) . . . . .  / " r  . . . .  

2o r -  . . . . . . .  ~>, . . ._  
i~ I" w\ 

t 3 0 .86 21.1 

2O ' \~ 
4 0 .0  22 .8  + 

I0 _/w 
' , , =  

0 5 ' 15 2_'5 
Days after orphaning 

Fro. 4. - -  SR production in groups isolated from colonies 
collected in the same woods 1/6-7/69. T-----total population 
(sum of curves), B ---- brown pseudergates, W = white pseu- 
dergates, SR ----- supplementary reproductives. 

sented in o rder  of decreas ing I R. It can be 

seen that  I R var ied  cont inuously f rom 0 

(colony 69-4) to 6.5 (colony 69-15). Graphs 

of sample  groups are presented in figure 4. 

In the cases of colonies 69-14 and 69-15, 

from whose  test groups reproduct ives  were  

r emoved  as they arose, I R was estimated on 
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pathological .  F ive  pseudergates  died before 

any SRs arose;  by day 20, ten pseudergates 

had  died;  by day 35, only six pseudergates  

r ema ined  and all the SRs had died. 

Table  I also shows the average weights  

and numbers  of an tennal  segments for colo- 

nies wi th  IR>/ 1.5 and for colonies wi th  
I a <  1.5. In the f o r m e r  ease the pseuder-  

gates on the average we ighed  13.2 mg and 

had 14.8 antennal  segments and the soldiers 

we ighed  an average of 22.0 rag. In tile 

latter ease the pseudergate  weight  was 
23.1 mg wi th  16A antennal  segments and 

the soldier  we igh t  was 42.8 rag. 

lated wi th  I R. The  same negative result  

obta ined for the pseudergate  to soldier  plus 
wh i t e  soldier  rat io and for  the type of re-  

p roduc t ives  w h i c h  were  present  in the na- 
tural  colony. 

2.2. N O N - P S E U D E R G A T E  L A R V A E  

O F  L O W  ] R C O L O N I E S  

The fact  that a low I R was associated 
wi th  large pseudergates  ra ised  the quest ion : 

wha t  is I R for small and medium-sized 

larvae in a colony whe re  the pseudergates  

TABLE II. - -  D A T A  A V E R A G E D  ON T H E  B A S I S  O F  P R E S E N C E  O R  A B S E N C E  O F  A L A T E S  

Colonies not producing alates . . .  
Colonies producing alates . . . . . . .  

A v E .  WT.  ( m g )  A v E .  NO. 
PSEUDERGATES ANTE~NNAL SEG.~IESTS 

11.5 14.6 
22.6 16.3 

AVE. WT. (mg) 
SOLDIERS 

19.7 
40.5 

If one averages the data on a totally dif- 

ferent  basis - -  namely,  the presence or 

absence of alates, the results were  essen- 
t ially the same and are presented  in table II. 

In addi t ion,  it was found that colonies 

wi th  high I R often had less well  developed 

gal lery systems in the i r  natural  nests than 

colonies  wi th  low I R. For  example,  in co- 

lony 69-15 (I R ~ 6.5) the galleries were  of 
i r regular  shape and were  res t r ic ted to the 

pe r iphe ra l  layer  of the log. The hear t  of 
the log was untouched.  On the other hand,  

co lony  69-3 I R = 0.24 had a fully deve- 
loped nest w i th  galleries throughout  the log. 

There  were ,  however ,  many  exceptions to 

this general izat ion.  Very little is known 
about  nest deve lopment  in the Kalotermi-  

tidae. 
The  popula t ions  of the natural  colonies, 

as de te rmined  by censuses immediate ly  

upon extract ion,  did not  seem to be corre-  

have  low Is.'? Is I u a s i ze / ins ta r  characte-  
r is t ic  or is it a colony charac te r i s t i c  9. 

To answer  this quest ion groups of 50 uni- 

formly  small, med ium and large larvae were  

isolated together  wi th  appropr ia te  numbers  

of soldiers  f rom two colonies,  wh ich  had 
p roduced  alates and whose  pseudergates  

showed low IR'S. The  larvae in each group 

were we ighed  and the number  of antennal  
segments determined.  The groups were  

main ta ined  at 26 ~ in the dark. The first 
day on w h i c h  any larva t r ans fo rmed  to an 

SR (T-day) was noted as was the total 

number  of SRs p roduced  by each group. 

The results, p resented  in table III, were  

more  ext reme than anyth ing  expected.  The  

groups of small and medium-s ized  larvae 
had morpholog ica l  charac ter i s t ics  in the 

range of pseudergates  wi th  high I~ f rom 

other  colonies. Yet these larvae produced.  
no SRs. 
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TABLE III. - -  SR P R O D U C T I O N  BY L A R V A E  OF D I F F E R E N T  SIZES  F R O M  T H E  SAblE COLONY 

COLONY 

69-17 

69-26 

AVE.  WT. 
(mg) 

9.9 
14.4 
24.2 

9.5 
14.6 
23.4 

AVE. NO. 
ANTENNAL 
SEGStENTS 

14.0 
14.4 
16.8 

14.0 
15.1 
16.5 

T-DAY 

41 

18 

TOTAL REPRODUCTIVES 
PRODUCED BY 

END OF EXPERIMENT 

LAST DAY 
OF EXPERII~IE~ T 

150 
140 
140 

63 
53 
53 

3. P s e u d e r g a t e  c o m p e t e n c e .  

It has been shown that if  groups of pseu- 

dergates are isolated from immature  colo- 
nies, a large percen tage  t ransform to SRs. 

This  expe r imen t  was set up to find 
out if all such pseudergates  can ~oo 

t ransform,  so 
Two groups of termites,  each con- 

ta in ing  100 b r o w n  pseudergates  and ~ 60 
E 

6 soldiers  were  taken from the same ~ 40 

stock colony,  68-5 (1) and t ransfer red  20 
to exper imenta l  nests on day zero. 
The  groups w e r e  main ta ined  at o 

26 ~ in the dark. A census was 

taken each day. Whenever  SRs 

arose they w e r e  removed.  
The  results for  the average of the 

two groups are shown in figure 5. 
The  curves  for  wh i t e  and b rown  pseuder-  

gates represen t  dai ly censuses. The SR 
curve  is cumulat ive .  The total popula t ion  

curve  is the sum of the other  three. The fall 
in the total popula t ion  reflects normal  mor-  

tality, not caste e l iminat ion.  It can be seen 

that  241 days af ter  the ini t ial  o rphan ing  all 

pseudergates wh ich  surv ived  (i.e., 66 %) 
had t r ans fo rmed  to SRs. 

Many of the features  of normal  SR for. 

mat ion seen in expe r imen t  1.1 are repeated 

(1) Characteristics of stock colonies referred 
to in the rest of this paper are listed in table IV. 

here. By day two the bloom of whi te  pseu- 

dergates had  begun in full force, by day 

four it had begun to level off and by day 

seven it had reached  its peak. By seven 
days later essent ial ly all the wh i t e  pseu- 

dergates in this ini t ia l  bloom had trans- 
formed to SRs. 

~ OI population (sum of curves) 

~ S u p p J e r n e n t a r y  reproduct ives (cumulative) 

Brown pseuderqates 
wh" '   seu~ 

20 40 60 80 100 120 140 160 180 200 220 240'  
Doys o f t e r  i n i l i o r  o r p h o n i n g  

FIG. 5. - -  Effect of continual removal of SRs froin 
groups of isolated pseudergates. Average of two 
groups, 5/68 - 1/69. 

There  were  about five more  whi te  pseu- 

dergates in the day seven peak  than cumu- 

lat ive SRs on day fourteen.  It is possible 

that  these wh i t e  pseudergates  did actual ly 

mol t  into SRs but w e r e  in jured  and then 
canniba l ized  by larvae  a t tempt ing to groom 
them. 

What  is most  in te res t ing  is that  after the 

in i t ia l  b loom of SRs the cumulat ive  SR 

curve  entered  a new phase  in w h i c h  new 

SRs appea red  at a m u c h  s lower  rate  unti l  

the groups had  been totally depleted of 
pseudergates.  
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4. Sex  specificity. 

4.1. E F F E C T  OF S I N G L E  R E P R O D U C T I V E S  

This  expe r imen t  was set up to determine 

the separate  effects of the male and female 

reproduc t ives  in inh ib i t ing  isolated pseu- 

dergates f rom t r ans fo rming  to SRs. 
480 pseudergates  and 16 soldiers were  

removed  from stock colony 69-14 and divi- 

ded into three  groups - -  two containing 

180 pseudergates  plus 6 soldiers and one 

conta in ing  120 pseudergates  plus 4 soldiers. 
Each group was p r o v i d e d  wi th  a pair  

of foster supp lementa ry  reproduct ives  
and was then ma in ta ined  at 26 ~ in the 

dark for 49 days. This  was done to 
insure that  the r ep roduc t ives  were  fully 

inhibi tory .  At the end of this t ime the 

pseudergates  and soldiers  of each group, 
whose  numbers  had changed because 

of death and sold ier  product ion ,  were  
d iv ided  into three  equal subgroups, one 

of wh ich  kept the male reproduct ive ,  
one the female and one was totally 
orphaned.  

The  composi t ion  on day 0 for each 

subgroup is p resen ted  in table V. Thus, 
the results f rom the subgroups in each group 

can be compared  as can the results f rom 
the subgroups of the same exper imental  

type since subgroups from different groups 

came ini t ia l ly  f rom the same stock. Cen- 

suses were  made each day in each colony 
and all new SRs w e r e  removed  and sexed. 

The termites  w e r e  main ta ined  in the dark 

at 26 ~ 

The results at a number  of t ime points are 

given in table VI. The sum of the daily 

results for all th ree  groups are presented  
graphica l ly  in figure 6. The results can be 

summar ized  as fol lows : in the presence  of 

a single male r ep roduc t ive  equal numbers  

of males and females arose. In the pre- 

sence of a single female r ep roduc t ive  as 

many males arose as wi th  a single male 

r ep roduc t ive  but essential ly no females 
arose. In the absence of both reproduc-  

tives equal numbers  of males and females 
arose but the numbers  were  approximate ly  

twice  as high as wi th  a single male. 

4.2. E F F E C T  OF T W O  R E P R O D U C T I V E S  

OF THE SAME SEX 

If male reproduc t ives  hal f - inhibi t  both 

sexes and female reproduc t ives  half- inhibi t  

male pseudergates  whi le  totally inh ib i t ing  

!o0  
E 

-:-- 80 

60 

g 4o 
E 
~. 20 
Q. 

o 

�9 " To ta l l y  o rphoned 

4 8 12 16 20 24 28 32 ~6 40  44  

D a y s  a f l e r  i n i t i a l  o r p h a n i n g  

Fro. 6. - -  Cumulative SR production in conti- 
nually orphaned and half-orphaned pseuder- 
gates. Each curve represents sum of three 
experiments, 4-6/69. 

female pseudergates ,  the presence  of ei ther  

two male  rep roduc t ives  of two females 
should also be totally e l iminat ion.  This 

can be tested since caste e l iminat ion  wil l  

not  necessar i ly  occur  w h e n  there  are only 
two males or two females present .  

300 pseudergates  and 30 soldiers  were  
r emoved  from stock colony 69-21 and divi- 

ded into three  groups - -  two conta in ing 

120 pseudergates  and 12 soldiers  and one 

conta in ing  60 pseudergates  and 6 soldiers.  

Each group was  p rov ided  wi th  a foster pa i r  

of supp lementa ry  reproduc t ives  wi th  wh ich  

it was incuba ted  at 26 ~ for 15 days. 

At the end of that  t ime one of the large 
groups was d iv ided  in half  w i th  each half  
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TABLE IV .  - -  STOCI~ 

STOCK COLONY 68-3 68-5 68-8 

Location collected . . . . . . . . . . . . . .  

Date collected . . . . . . . . . . . . . . . . . .  

Date extracted . . . . . . . . . . . . . . . . . .  

Popula t ion upon ex t rac t ion :  
pseudergates  . . . . . . . . . . . . . . .  
soldiers . . . . . . . . . . . . . . . . . . . .  
whi te  soldiers . . . . . . . . . . . . . .  
reproductives . . . . . . . . . . . . . . .  

small  larvae . . . . . . . . . . . . . . .  
eggs . . . . . . . . . . . . . . . . . . . . . . .  

Date pseudergates  and soldiers 
removed for  exper iment  . . . . . .  

Average weight  pseudergates used 
in exper iment  . . . . . . . . . . . . . . . .  

Aevrage weight  soldiers used in 
exper iment  . . . . . . . . . . . . . . . . . . .  

IR . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Virginia Key, 
Florida.  

1/30/68 

2/68 

7/16/68 

11.2 mg 

16.6 mg 

1.3 

Virginia Key, 
Florida.  

1/30/68 

2/68 

Supplementary  pair. 

5/2/68 

9.5 mg 

12.4 mg 

6.1 

Virginia Key, 
Florida. 

1/30/68 

2/68 

8/3/68 

9.9 mg 

10.4 mg 

1.0 

ge t t i ng  o n e  of  t h e  t w o  r e p r o d u c t i v e s .  The 

o t h e r  l a rge  g r o u p  w a s  s i m i l a r i l y  d i v i d e d  

in  h a l f  bu t  t h e  h a l f  w h i c h  r e c e i v e d  the  m a l e  

r e p r o d u c t i v e  w a s  also g iven  the  m a l e  r e p r o -  

f e r e n t  n u m b e r s  of  r e p r o d u c t i v e s .  T h e  in i -  

tial (day  0) c e n s u s e s  of  t h e s e  s u b g r o u p s  a re  

p r e s e n t e d  in  t ab l e  VII. 

C e n s u s e s  w e r e  c a r r i e d  out e a c h  day  in  

TABLE V.  - -  DAY 0 CENSUSES FOR SUBGROUPS IN SEX SPECIFICITY EXPERIMENT 4.1 

REPRODUCTIVE 
PRESENT 

( s u b g r o u p )  

Group 

I . . . . . . . . . . . .  
II . . . . . . . . . . .  
III . . . . . . . . . . .  

T o t a l  . . . . . .  

FEMALE 

Pseudergates 

w h i t e  b r o w n  

8 f 40 
11 39 

5 I 32 
24 ] 111 

Soldiers 

5 
6 
4 

15 

MALE 

Pseudergales 

w [ i l e  b r o w n  

8 40 
11 39 

I 5 I 32 
I 24 t 1 1 1  

Soldiers 

6 
4 

15 

NONE 

Pseudergates 

~ h i t e  b r o w n  

8 40 
11 39 

5 I 32 
r 24 / 111 

Soldiers 

5 
6 
4 

15 

d u c t i v e  t h a t  h a d  b e e n  p r e s e n t  in  t h e  smal l  

g r o u p  a n d  t h e  h a l f  r e c e i v i n g  t h e  f ema l e  

also w a s  g i v e n  t h e  f ema le  f r o m  t h e  sma l l  

g roup .  T h u s  t h e r e  w e r e  five e x p e r i m e n t a l  

s u b g r o u p s  of  abou t  the  s ame  size w i t h  d i f -  

e a c h  s u b g r o u p  a n d  all n e w  SRs w e r e  r e m o -  

v e d  as t h e y  a r o s e  a n d  w e r e  sexed .  Also,  i f  

a n y  of  t he  in i t i a l  r e p r o d u c t i v e s  w a s  k i l l ed ,  

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

T h u s ,  i t  w a s  n e c e s s a r y  to a d d  a m a l e  r e p r o -  
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COLONY C H A R A C T E R I S T I C S  

51 

6 9 - 1  

Virginia  Key, 
Fla. 

1/6/69 

2/5/69 

1 780 
99 

7 
P r ima ry  female,  

supp lementa ry  male.  
+ 
+ 

3/13/69 

13.5 mg 

29.3 mg 

3.8 

6 9 - 7  

Virgin ia  Key, 
Fla. 

1 /6 /69 

2 /6 /69  

671 
80 

2 
P r i m a r y  pair .  

§ 
-t- 

4 /2 /69 

12.7 mg 

30.4 mg 
1.6 

6 9 - 1 4  

Virginia  Key, 
Fla. 

1/7/69 

1/12, 13/69 

1 043 
58 
12 

supplementa ry  
pair .  

+ 
+ 

3/2/69 

12.8 mg 

16.6 mg 

5.5 

69-20 

Virginia  Key, 
Fla. 

7130/69 

8/5, 6/69 

421 
48 

6 
supp lementa ry  

pair .  
+ 
+ 

9 /2 /69  

11.3 mg 

14.5 mg 

2.3 

6 9 - 2 1  

Virginia  Key, 
Fla. 

7/30/69 

8/7/69 

313 
107 

12 
P r imary  pair .  

+ 
+ 

9/3/69 

8.6 mg 

11.8 mg 

2.2 

d u c t i v e  to s u b g r o u p  << M >> o n  day  4 a n d  

a n o t h e r  to s u b g r o u p  r 2 M  >> on  day  8. 

T h e  o t h e r  r e p r o d u c t i v e s  s u r v i v e d  t he  

c o u r s e  of t h e  e x p e r i m e n t .  

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

w h i c h  h a d  a r i s e n  in  e a c h  s u b g r o u p  as of 

day  31 is p r e s e n t e d  in  f igure  7. T h e  r e s u l t s  

fo r  the  f i rs t  t h r e e  s u b g r o u p s  a re  s i m i l a r  to  

w h a t  w a s  f o u n d  i n  t h e  p r e v i o u s  e x p e r i m e n t .  

More  SRs a r o s e  in  t o t a l l y  o r p h a n e d  sub-  

g r o u p s  t h a n  i n  h a l f - o r p h a n e d  s u b g r o u p s .  

On ly  m a l e s  a r o s e  i n  t h e  p r e s e n c e  of a fe- 

m a l e  ~vhe rea s  b o t h  s e x e s  a r o s e  i n  t h e  p r e -  

s e n c e  of  a ma le .  In  t h i s  e x p e r i m e n t  t h e  

sex  r a t i o  of t h e  SRs w i c h  a r o s e  in  t h e  << M )> 

a n d  t h e  ~< 0 >> s u b g r o u p s  w a s  no t  even  as 

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

u n e v e n  p s e u d e r g a t e  sex  ra t io .  

T h e  i m p o r t a n t  n e w  r e s u l t  is  t h a t  SR for -  

m a t i o n  is s t r o n g l y  s u p p r e s s e d  in  the  p r e -  

s e n c e  of  e i t h e r  t w o  m a l e s  or  t w o  females .  

O n l y  a s ing le  m a l e  SR a r o s e  in  e a c h  of t he  

2 F  >> a n d  << 2 M  >> s u b g r o u p s .  

F I G .  

of 

z4 ~ [ ]  Femates 

2o 

o 

.~ 

.'2- 

r 

~ 4 

X 
2' o r--1 v-l_ 

IM IF 2M 2F 
Reproductives conston!ly present 

7. - -  Effect of two reproduct ives  
the same sex on SR product ion.  

5. Effect of absence 
of  reproductives. 

T h e  f o l l o w i n g  e x p e r i m e n t s  w e r e  c a r r i e d  

ou t  to  d e t e r n l i n e  h o w  i s o l a t e d  g r o u p s  r e s -  

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

c e r t a i n  n u m b e r  of h o u r s  p e r  day.  
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TABLE V I .  - -  S R s  O F  E A C H  SEX A R I S I N G  IN C O N T I N U A L L Y  H A L F  O i A P H A N E D  

AND T O T A L L Y  O R P H A N E D  G R O U P S  

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

Day  10. 

R E P R O D U C T I V E  
P R E S E N T  

Group 

I . . . . . . . . . . . . . . .  
I I  . . . . . . . . . . . . . .  
I I I  . . . . . . . . . . . . .  

To ta l  . . . . . . .  

m a l e s  

6 
4 
2 

12 

FE3IALE 

f e m a l e s  m a l e s  

MALE 

f e m a l e s  m a l e s  

7 
12 

4 

23 

N O N E  

f e m a l e s  

9 
9 
4 

22 

Day  20. 

~ E P R O D U C ~ V E  
PRE SE N T  

Group 

I . . . . . . . . . . . . . . .  
I I  . . . . . . . . . . . . . .  
I I I  . . . . . . . . . . . . .  

To ta l  . . . . . . .  

m a l e s  

11 
4 
4 

19 

FEMALE 

f e m a l e s  m a l e s  

7 
8 
4 

19 

MALE 

f e m a l e s  

8 
5 
5 

18 

NONE 

m a l e s  f e m a l e s  

10 15 
17 13 
10 9 

37 37  

Day  30. 

~ E P R O D U C T I V E  
P R E S E N T  

Group 

I . . . . . . . . . . . . . . .  
I I  . . . . . . . . . . . . . .  
I I I  . . . . . . . . . . . . .  

To ta l  . . . . . . .  

FEMALE 

m a l e s  f e m a l e s  

13 0 
5 0 
5 0 

23 0 

m a l e s  

10 
9 
5 

24 

MALE 

f e m a l e s  

8 
7 
8 

23 

N O N E  

m a l e s  f e m a l e s  

10 17 
21 14 
11 10 

42  41 

Day  70. 

I{EPRODU CTIVE 
P R E S E N T  

Group 

] . . . . . . . . . . . . . . .  

I I  . . . . . . . . . . . . . .  
I I I  . . . . . . . . . . . . .  

T o t a l  . . . . . . .  

FE3IALE 

m a l e s  f e m a l e s  

13 0 
8 1 
7 0 

28  1 

m a l e s  

11 
9 
5 

25  

MALE 

f e m a l e s  

8 
10 

9 

27 

m a l e s  

10 
21 
11 

42 

NONE 

f e m a l e s  

24 
19 
14 

57 
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TABLE VII. - -  DAY 0 C E N S U S E S  OF S U B G R O U P S  IN E X P E R I M E N T  4.2 

53 

SUBGROUP 

0 
M 
F 

2M 
2F 

PSEUDERGATES 

white brown 

7 50 
6 51 
6 51 
5 51 
5 51 

SOLDIERS 
W H I T E  

SOLDIERS 
SUPPLEMENTARY 
REPRODUCTIVES 

0 
1M 
1F 
2M 
2F 

G r o u p s  of  120-130 p s e u d e r g a t e s  t o g e t h e r  

w i t h  s o m e  s o l d i e r s  w e r e  r e m o v e d  f r o m  t w o  

s t o c k  c o l o n i e s  (69-1 a n d  69-20). T h e  g r o u p s  

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

n l a i n t a i n e d  at 26 ~ in  t h e  d a r k  fo r  a p p r o -  

x i m a t e l y  s ix  w e e k s .  At t he  e n d  of t h a t  

t i m e  t h e  p s e u d e r g a t e s  a n d  s o l d i e r s  in  e a c h  

g r o u p  w e r e  d i v i d e d  i n t o  e q u a l  s u b g r o u p s .  

F o r  e a c h  g r o u p  o n e  s u b g r o u p  k e p t  i t s  r e p r o -  

d u c t i v e  p a i r  f o r  a f ixed  p e r i o d  e a c h  d a y  

a n d  the o t h e r  s u b g r o u p  k e p t  t h e  r e p r o d u c -  

t i v e s  fo r  t h e  r e s t  of  t h e  day .  

T h e  d a y  t h e  g r o u p s  w e r e  d i v i d e d  a n d  t h e  

TABLE VIII. - -  E F F E C T  ON S]~  P R O D U C T I O N  OF VARYING T H E  T I M E  P E R  DAY 

B E P R O D U C T I V E S  A R E  ABSENT F R O M  I S O L A T E D  G R O U P S  

Hovl~s/ 
DAY 
SRs 

ABSENT 

24 

20 

16 

ACTUAL 
TIME 

SCItEDULE 

Always  
absent .  

2 P M -  10 AM 

PM-  10 AM 

10 AM- 6 PM 

l0 AM- 2 PM 

- -  Never absent .  

SOURCE 
OF P E s  
(STOCK 

COLONY) 

69-1 
69-20 
Total. 

69-1 
69-1 
69-20 
Total. 

69-1 
69-20 
Total. 

69-1 
69-20 
Total. 

69-1 
69-1 
69-20 
Total. 

69-1 

~ U  ~*IIIER OF 
PEs (INCL. 

WHITE PEs) 
AT DAY 0 

50 
71 

121 

55 
52 
53 

160 

49 
50 

99 

49 
51 

100 

56 
52 
52 

160 

49 

TOTAL NO. 
OF SRs 

ARISING AS 
OF DAY 26  

11 
17 
28 

17 
13 

5 
35 

13 
3 

16 

8 
2 

10 

3 
6 
2 

11 

F 

7 
8 

15 

4 

13 

0 

SEX 

M 

13 

4 
21 

9 
2 

11 

7 

9 

2 
11 

1 

Un- 
knoWH 

1 
" V - -  

PERCENT 
OF DAY 0 
PEs TItAT 

TRANS- 
FORMED 

22.0 
23.9 
23.1 

30.9 
25.0 

9.4 
21.9 

26.6 
6.0 

16.2 

16.3 
3.9 

10.0 

5.4 
11.5 

3.8 
6.9 

2.0 
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r ep roduc t i ve  t ransfers  begun was consi-  

dered day 0. A census was taken each day 

thereaf te r  and all new SRs were  r emoved  

as they arose and were  sexed. The ter-  

mites  were  o therwise  main ta ined  in a dark 

incuba tor  at 26 *C. 
The  number  and sex of SRs w h i c h  arose 

as of day 26 for the t ime points  s tudied 

are p resen ted  in table VIII. In addit ion,  

the overal l  per  cent of pseudergates w h i c h  

t r ans fo rmed  is plot ted in figure 8 as a 

funct ion of the number  of hours per  day 

the r ep roduc t ives  were  absent. It can be 

~zo 

--16 

g 

0 

0 

4 8 12 16 20 24 
Hours/doy reproductives obsent 

FIG. 8. - -  SRs arising as a function of the 
number of hours per day reproductives were 
absent from groups of pseudergates. SRs 
expressed as a per cent of pseudergates present 
on day 0. Sum of two experiments. Results 
as of day 26. 

lO0~ 

80 

6 0  c 
g 

~. 4o 

20 

8 16 2 4  
HOUrs / d a y  

reproduct ives  absent 

FIG. 9. - -  Sex ratio of SRs arising in groups 
from which reproduetives were absent for 
varying numbers of hours per day. 

6.  T h e  s o u r c e  o f  t h e  p h e r o m o n e ( s ) .  

LiisCnEn (1955) has hypothes ized that  the 

inh ib i t ion  of pseudergates  f rom transfor-  

ming  to SRs in the presence  of a r ep roduc-  

t ive pa i r  results f rom pheromones  p roduced  
in the heads of the reproduc t ives  and passed 

to the pseudergates  by proc todea l  feeding. 
The  fo l lowing exper iments  were  ca r r i ed  out 

in an effort to obtain evidence for this hy- 

pothesis.  

6.1. F E C E S  E X P E R I M E N T  

seen f rom this  data that the degree to w h i c h  

the subgroups p roduced  SRs var ied  direc-  

tly wi th  the amount  of t ime per  day a func- 

t ional  r ep roduc t ive  pa i r  was absent. 

Whi le  this  var ia t ion was more  or less 

cont inuous  for the produc t ion  of male SRs, 
female pseudergates  could be orphaned  for 

at least eight hours  a day wi thout  being sti- 

mula ted  to t ransform.  Even when  repro-  

duct ives  w e r e  absent twenty  hours each day 

many  fewer  females t ransformed than 

males. The sex rat ios of the SRs whose  

sex could be de termined  are shown for 

each t ime po in t  in figure 9. 

In this exper iment  isolated groups of 

pseudergates  were  fed massive doses of 

feces f rom reproduct ives .  
Six exper imenta l  groups were  established 

each con ta in ing  50 pseudergates,  5 soldiers  
and a pa i r  of supplementary  reproduct ives ,  

all o r ig ina t ing  f rom the same stock colony, 
68-3. A repl ica te  exper iment  using ter- 

mites f rom stock 68-8 was also set up. The  
groups w e r e  main ta ined  in small plast ic  

pet r i  dishes conta in ing  a thin layer  of agar 

for  mois ture  and a piece of #597 filter 

pape r  as the only source of food. On day 0 

the reproduc t ives  were  removed.  
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Each  day the te rmi tes  were  removed  

from the i r  dishes and a census taken. 

Each empty dish was then t reated as 

f o l l o w s :  to two of the dishes 25 pairs  of 

supplementar ies  w e r e  added  and anaesthe- 

t ized wi th  CO 2. This  caused each supple- 

menta ry  to deposi t  a droplet  of rectal  fluid 
and fecal mater ia l  on the filter paper.  

Two  other  dishes s imilar ly  rece ived  

SRs were  r eco rded  when  they arose but 

not removed.  The total number  w h i c h  

arose in each of the 12 colonies  as of day 

19 is presented  in table IX. The  data could 

be in te rpre ted  as suggesting a slight inhi-  

b i tory effect of r ep roduc t ive  feces and a 
slight s t imulatory  effect of larval  feces. 

Probably,  however ,  the differences were  not 

significant.  

TABLE I X .  - -  S R s  ARISING IN GROUPS RESTRICTED TO DIETS 

OF F I L T E R  PAPER IMPREGNATED W I T H  FECAL D R O P L E T S  

DIET 

Reproductive feces . . . . . . . . . . . . . . . . .  
Pseudergate feces . . . . . . . . . . . . . . . . . .  
Control (filter paper alone) . . . . . . . . .  

68-3  a n o v P s  

7 
14 
12 

68-8  6 a o v P s  

11 
13 

9 

TOTAL 

18 
27 
21 

droplets  f rom 50 pseudergates.  These pseu- 
dergates were  main ta ined  without  repro-  

duct ives  so that  they could not contain any 

inh ib i to ry  substance obtained from repro-  
ductives.  The  r ema in ing  two dishes were  

untreated.  
The  drople t -g iving supplementar ies  and 

pseudergates  were  r emoved  and replaced by 

the or ig inal  groups of termites.  This pro- 

cess was repeated  daily. New filter paper  

was added as needed.  
In addit ion,  s tar t ing from the day groups 

were  isolated f rom the i r  stocks, the dro- 

plets were  added to the first four dishes. 
This  was in an effort to increase the level 

of the hypothe t ica l  inh ib i to ry  substance so 

as to min imize  the effect of sudden orpha- 
ning. That  is, it was feared that some 

pseudergates  might  o therwise  have a low 

level of p h e r o m o n e  at the t ime of o rphaning  

and might  not eat impregna ted  filter paper  
soon enough to p reven t  their being deter- 

m ined  to t ransform.  This << presatura-  
t ion >> went  on for six days for the 68-3 

groups and 30 days for the 68-8 groups. 

6.2. S E A L E D  A N U S  E X P E R I M E N T  

This  exper iment  was set up to see 

whe the r  r ep roduc t ives  wi th  sealed anuses 
fail to inhibi t  as would  be expected wi th  

LiJscher 's hypothesis .  
Six exper imenta l  groups were  established 

conta in ing  60 pseudergates,  6 soldiers  and 

a pa i r  of supplementary  reproduct ives ,  all 
o r ig ina t ing  f rom the same stock colony 

(69-7). The groups were  incubated  for  

19 days at 26 ~ in the dark. 

At the end of this t ime the r ep roduc t ives  
f rom two of the groups were  removed,  

p laced in a dish under  a dissect ing naicros- 

cope, and anaesthet ized wi th  CO 2. This  

caused them to excrete  a small droplet  of 
fecal fluid which  was cleaned away wi th  a 

broken  wooden  appl icator .  A small  drop  

of lucite dissolved in e thylene d ich lor ide  

was then appl ied to the i r  anuses wi th  a 
metal  probe.  The  lucite rap id ly  dr ied  for- 

ming  a cap over  the anus and the reproduc-  

rives were  re turned  to the i r  or iginal  nests. 
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~" . Experimental 
16 '~ Orphaned colonies 

,2 e F~ . ~ . ~ ~  

I Normol 
4 controls 

o 4 a 12 16 20 24 
Ooys 

Fro. 10. - -  SR production by pseudergates in the 
presenee of reproduetives with lucite-sealed 
anuses. Each curve is the average of two 
groups. 

A number  of other sealing agents, inclu-  
d ing  rubbe r  cement,  Duco cement, Elmer 's  
Glue, Shellac and Canada Balsam, were 
tested in  p r e l i m i n a r y  experiments,  but none 
dried as rap id ly ,  was as easy to apply 
and  provided  as good a seal as lucite. 

The reproduct ives  in  two of the re- 
ma in ing  four groups were removed 
permanen t ly ,  but  kept in the other two. 
Each day after the in i t ia l  sealing (day 0) 
the sealed reproduct ives  were removed 
and  anaesthet ized with CO 2. This pro- 
vided a test for the seal since one could 
see whether  the reproduct ives  were 

capable of excret ing any  fluid. Occasionally 

the seal had been broken  and  this was noted. 
In  any case a new drop of lucite was 

added each day. Daily censuses were 

carr ied out on all groups and new SRs 
were removed as they arose. Sealed repro-  

ductives often did not survive and so repla- 

cements were  added. 
The cumulat ive p roduc t ion  of SRs in the 

three types of groups is presented graphi-  

cally in  figure 10. The survival  and daily 
state of the seal of the sealed reproduct ives  

is presented in  figure 11. It can be seen 

that SRs did not arise in the exper imenta l  
groups unt i l  cons iderably  later than in  

orphaned  groups and then at a lower rate. 
Thus, at least ini t ial ly,  reproduct ives  wi th  

sealed anuses are strongly, if not comple- 

tely, inh ib i tory .  
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FIG. 11. - -  State of sealed reproductives in sealed 
anus experiment. Straight line indicates sur- 
vival, S = sealed, U = unsealed. 

DISCUSSION 

1. SR format ion  in  Neotermes jouteli is 
very s imi lar  to that in  Kalotermes flavi- 
collis. In  the lat ter  species LCscHEa's 
data (1952a) ind ica te  a slightly shorter  
whi te  premol t  per iod  and possibly also a 
shorter  t ime before the first pseudergates 
are activated. Egg-laying, on the other 
hand,  does not occur  unt i l  two - -  four 
weeks in  K. flavicollis (GRAss~ and NmROT, 
1946 a). 

The data presented here support  LCs- 

CriER'S conclusion (1952 a) that the SR molt 
is specially induced  by removal  of repro- 
ductives. Thus  the n u m b e r  of whi te  pseu- 
dergates in  control  groups fluctuates a round  
a constant  level of 6 % (fig. 1 b). The fact 
that a large bloom of white  pseudergates 
occurs in  exper imenta l  groups shows that 
SRs are not s imply ar i s ing  from pseuder-  
gates which  are at the end of the normal  
in te rmol t  cycle. 

One major  difference between N. jouteli 
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and K. flavicollis appears  to lie in the in ten-  
sity wi th  which  N. jouteli pseudergates are 
capable of p roduc ing  SRs. Judging from 
the data presented by GRASS~ and NOIROT 
(1960), approximate ly  5 % of the larvae 
t ransform to SRs in  groups of K. flavicollis 
isolated for ten days. In  some colonies of 
N. jouteli in  this study about 15 % of iso- 
lated pseudergates t ransformed in  ten days 
and 40 % in twen ty  days. Lower levels 
of product ion  were found to be correlated 
with alate product ion .  It is possible that 
the studies of K. flavicollis dealt with ma- 
ture colonies. 

Much less a t tent ion h a s  been paid to the 
problem of the p roduc t ion  of soldiers than 
to that of reproduct ives.  The present  find- 
ings are fully consis tent  with the reports of 
CASTLE (1934), ~[ILLER (1942) and LiJSCHER 
(1961) regard ing  both product ion  and elimi- 
nation.  Soldier format ion is slower and 

much less vigorous than for SRs. By the 
same token, it is less wasteful of pseuder- 
gates since overshoot is lacking. 

2. The fact that colonies vary in their  
abil i ty to produce  SRs was first noticed in  
Zootermopsis nevadensis by LIGHT (1942- 

1943) who proposed three possible explana- 
tions. He proposed that the var ia t ions  
might result  ei ther from genetic differences 
between the colonies or from indiv idual  
historical  differences in the development of 
each colony, or they might  represent  cha- 
racterist ic  shifts dur ing  the life history of 
a colony with the possibil i ty that changes 
in r reproduct iv i ty  >> were progressive, re- 
gressive or cyclic. LIGHT doubted that the 
differences had a genetic basis but offered 
no evidence related to any of the three 
possibilit ies.  

The present  f inding that low I R is asso- 
ciated with the abil i ty to produce alates 
suggests that the colony variat ions can at 
least par t ly  be accounted for as a regres- 
sive shift in I R wi th  increased colony age. 

The fact that high I R colonies often had also 
rather  undeveloped gallery systems in  their  
na tura l  logs fur ther  suggests that these colo- 
nies were new. 

Some observat ions of LmHT and ILLG 
(1945) also suppor t  this idea. These authors 
carr ied  out censuses of natura l  colonies of 
2. nevadensis with different abili t ies to 
produce  SRs in  an effort to see whether  the 
differences could be related to differences 
in  colony compo.sition. Although they con- 
cluded that such correlat ions were lacking, 
it seems to the present  author  that a corre- 
lat ion existed between low product iv i ty  and 
the presence of large numbers  on nymphs,  
the precursors  of alates. 

The idea that the differences in pseuder-  
gate size and SR product iv i ty  might  be due 
to differences in colony age was suggested 
to the author by Alfred EMERSON to whom 
specimen.s from low and high I R colonies 
were sent for the purpose of excluding the 
possibil i ty that the differences had a taxo- 
nomic  basis. 

Such changes in I R and pseudergate size 
with colony age would make biological 
sense. The immature  phase of a colony's  
development  is devoted to creat ing a large 
larval  populat ion.  Therefore,  the restora- 
t ion of lost reproduct ives  is a much more 
pressing need than in the case of fully deve- 
loped colonies which  are devoted p r imar i ly  
to t r ans fo rming  larvae into Mates. Low 
Iu in fully developed colonies, which  presu- 
mably  have begun to exhaust the food sup- 
ply in  their  log, tends to preserve pseuder-  
gates for alate product ion.  

Similar  reasoning  applies in the case of 
pseudergate size. A young colony diverts 
the matter  and energy it obtains from wood 
into popula t ion  product ion.  An old colony 
diverts these things into fat tening up pseu- 
dergates to that they will  be successful 
sexuals. 

N. jouteli larvae in immature  colonies 
have been observed to molt  wi thout  any 
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s ignif icant  change  in size after  about the  
four th  in s t a r  (NAGIN, 1970). Molting wi thout  
g rowth  has  also been observed  in other  
spec ies  (MILLER, 1942; Li)SCHER, 1952b).  
Thus, it  appea r s  that  the pseuderga tes  
r m a r k  t ime >> wh i l e  the pseuderga te  popu-  
la t ion bu i lds  up. 

The  excep t iona l  case of colony 69-14, 
w h i c h  had  smal l  pseuderga tes  but p r o d u c e d  
alates,  suggests that  sexual  ma tu ra t ion  pre -  
cedes the  p roces s  of enlargement  of the 
pseuderga tes  in a co lony ' s  development .  
F r o m  obse rva t ions  of the East  Asian species  
Neotermes  tectonae KALSHOVEN (1930) also 
conc luded  that  << the ind iv idua l s  wh ich  
first reach a fu r the r  stage in a deve loping  
colony show a smal le r  size than those w h i c h  
reach  the same stage la ter  on >>. HEATH 
(1931) obse rved  the same phenomenon  in 
Zooterm opsis. 

The loss of the  abi l i ty  to p roduce  SRs 
together  wi th  dec l ine  of egg-product ion 
wi th  colony age would  expla in  why  it is 
that  terni i te  colonies  die. If vigorous SR 
p roduc t i on  we re  a constant  poss ib i l i ty ,  
then t e rmi te  co lonies  should be immorta l .  
In fact, KALSHOVEN (1930) found that  the 
longevi ty  of N. tectonae colonies was never  
more  than 15 yea r s  and  that a natura l  death 
might  occur  in as few as six years.  

The  ex is tence  of r phys io log ica l  >> 
changes  in a co lony  at different  stages of 
its l i fe h i s to ry  is also seen in exper iment  
2.2 w h i c h  showed  the loss of d i f ferent ia t ion 
abi l i t ies  of ea r ly  la rva l  ins tars  in mature  
colonies.  S imi l a r  f indings have been r epor -  
ted for  o ther  spec ies  (KALSHOVEN, 1930; 
LIGHT, and ILLG, 1945; GnASS~, 1949) and 
castes (GaAss~ and NomoT, 1946 b). 

F r o m  this e x p e r i m e n t  one concludes  that  
in ma tu re  colonies  wi th  low I~, it  is only 
the pseuderga tes  that can t ransform,  and 
they t r ans fo rm at a ve ry  low rate. 

The  fact  tha t  in a given species  of t e rmi te  
the morpho log i ca l  and  developmenta l  cha-  
r ac te r i s t i c s  of pseuderga tes  are colony-  

specific l eads  to some conclus ions  r e g a r d i n g  
methodology .  F i r s t ,  in any given s tudy  the 
te rmi tes  used  in e xpe r ime n t a l  and  cont ro l  
colonies  shou ld  all  come from the same 
na tura l  colony.  Second,  the  cha rac te r i s t i c s  
of that  co lony  should  be given in detai l  
i nc lud ing  the loca t ion  of col lect ion and  the 
dates  of col lec t ion,  ex t rac t ion  and remova l  
of the t e rmi tes  f rom the s tock for the 
exper imen t .  In addi t ion ,  the charac te r i s -  
t ics  l i s ted  in  table  I should  be given. 

:3. Two conc lus ions  can be d r a w n  from 
the expe r imen t  in w h i c h  SRs were  r emoved  
as they  arose.  F i r s t ,  the two-phase  na ture  
of the cumula t ive  r e p roduc t i ve  curve shows 
that  at any  given t ime only  a cer ta in  p ro-  
por t ion  of pseuderga tes  is t r ans formable .  
Li)SCHER (1952 a, 1953, 1956) has found this 
to be t rue  also in K. flavicollis.  

Second,  al l  pseuderga tes  in colonies  wi th  
high IIt a re  genet ica l ly  capable  of SR deve- 
lopment .  The only escape f rom this  con- 
c lusion wou ld  be if  one could  show that  
all pseuderga tes  w h i c h  were  genet ica l ly  
i ncapab le  of this  deve lopment  d ied  in the 
course  of the  exper iment .  This,  of course,  
seems unl ike ly .  

The e xpe r ime n t  las ted over  34 weeks  and 
there  was a 34 % total  mor ta l i ty .  I t  would  
p r o b a b l y  be difficult  to make the mor ta l i t y  
ra te  less than  1 %  pe r  week.  

�9 ~. F r o m  the resul ts  of the sex speci f ic i ty  
expe r imen t s  it  can be r ead i ly  seen w h y  a 
pa i r  of r ep rodnc t i ve s  should  to ta l ly  inh ib i t  
the p roduc t ion  of SRs. The male  and 
female r e p roduc t i ve s  in isola t ion each par -  
t ia l ly  i nh ib i t  p seude rga te  t r ans fo rmat ion .  
The  sepa ra t e  pa r t i a l  effects seen in isola t ion,  
would ,  if  c o m b i n e d  in the same pseuder -  
gate popu la t ion ,  p r o d u c e  total  inh ib i t ion .  

The  male  r e p r o d u c t i v e  i n d i s c r i m i n a t e l y  
ha l f - inh ib i t s  both  male  and female pseuder -  
gates. The  female  r e p roduc t i ve  also half-  
inh ib i t s  male  pseuderga tes  but  add i t i ona l ly  
inh ib i t s  female  pseuderga tes  total ly.  Thus, 
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female pseudergates exper ience surplus inhi -  
bit ion.  

If it is asumed that inh ib i t ion  results 
from an inh ib i to ry  substance,  then the pre- 
sent results imply  that at least two subs- 
tances are at work in  the overall inhibi t ion.  
If there  were only  one substance, which 
inh ib i ted  females at one-half the dose neces- 
sary to inh ib i t  males, then the effect of a 
single female reproduct ive  would be explai- 
ned. However, this  idea is inconsis tent  
with the fact that male and female pseu- 
dergates respond equally to the presence of 
a single male reproduct ive .  

For  example there could be a female- 
produced substance and a different male- 
produced substance and the female-produ- 
ced substance would  affect female pseuder- 
gates more  strongly than males. Alternati- 
vely, there could be a sex-specific inh ib i tory  
substance produced  only by female repro- 
ductives and act ing only on female pseu- 
dergates and a sex non-specific substance 
produced by both reproductives.  

It is in teres t ing  to compare these results 
with what  has been found in other species. 
Two points  of universa l  agreement (LIGHT 
and WEEsN~n, 1951, in Zootermopsis  angus- 
ticollis; GnASS~ and  NOmOT, 1960 and L/3s- 
c ~ n ,  1964, in K. flavicollis) are that the 
t ransformat ion  of female larvae is strongly 
inh ib i ted  by female reproduct ives  and that 
the male does not show a strong sex-specific 
inh ib i to ry  effect. However,  Li~SCH~-R'S 
results (1964) suggested that neither repro- 
ductive, at least in isolation, had any inhi-  
bi tory effect on male larvae. 

The strong suppress ion of SR product ion 
by two reproduct ives  of the same sex is in 
accord wi th  the f inding that a single repro- 
ductive of either sex part ial ly suppressed SR 
product ion.  It also supports  the idea that 
the total i nh ib i t i on  produced by a mated 
pair  of reproduct ives  can be accounted for 
s imply as the addi t ion  of the separate 
effects of each sex. 

The fact that  two male reproduct ives  
s trongly inh ib i ted  SR produc t ion  in this 
exper iment  disagrees with Li~SCHER'S result 
(1964) that in K. flavicollis two males had 
no effect on the number  of SRs which arose 
but only shifted the sex rat io in  favor of 
more females and  fewer males. On the 
other hand,  GRASS~ and Nomow's f inding 
(1960) that, in  colonies of K. flavicollis 
consis t ing only of male larvae, total inhib i -  
t ion could only be achieved when  two or 
three male supplementar ies  were present  
is in  l ine with the present  results. 

5. The fact that the extent of SR pro- 
duct ion varies direct ly with the t ime repro- 
ductives are absent  suggests that the inhib i -  
tory process is a cont inuous  and cumulat ive 
one. That  is to say we do not have an 
all-or-none si tuat ion in which  the absence 
of reproduct ives  for a cer ta in  threshold 
per iod suddenly  unleashes massive trans-  
formation.  

GRASS~'S ~ group effect >> theory (1949) 
would seem to imply such a threshold effect. 
This  theory holds that larvae are conti- 
nuously aware of the composi t ion of the 
group they are in because of communica tory  
signals of one type or another.  This aware- 
ness would  inh ib i t  t ransformat ion .  

The present  results, however,  show that 
different groups of the same composit ion 
(i.e. lacking reproduct ives)  can respond 
differently. The pseudergates do not at 

some point  suddenly  all become aware of 
the absence of reproductives.  Fur ther ,  it 
would appear  that  when  a pseudergate 
r perceives >> the absence of the reproduc-  
fives, that is, when  it becomes determined 
physiological ly to t ransform,  it does not 
communica te  this r percept ion >> to other 
t ransformable  pseudergates. 

The data require,  rather,  a theory in  
which  the pseudergates are not all equally 
inh ib i ted  or in which  the pseudergates  can 
have graded degrees of inhib i t ion .  For  
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example,  if the inh ib i t ion  cor responds  to tile 

p resence  of a substance taken up by the 

pseudergates  f rom the reproduct ives ,  then 

different  degrees of inhibi t ion would cor- 

respond to di f ferent  amounts of substance. 

Some pseudergates  would  run out of the 

substance sooner  than other  equally trans- 

formable  pseudergates.  If  the reproduc-  

tives are absent at that t ime these pseuder-  
gates would  he de termined  to t ransform.  

The longer  the reproduc t ives  are absent, the 

more  pseudergates  will  run out of the subs- 

tance. 
Similar ly ,  it is possible to unders tand why  

female pseudergates  are less sensi t ive to 
par t - t ime absences than male. As shown 

by the sex-specif ici ty experinaents, fema~.es 

rece ive  surplus inhibi t ion.  They are more  

inh ib i ted  by the reproduc t ive  pair  than 
are males. A substance theory  would  

there fore  p red ic t  that  a longer  absence of 

reproduc t ives  would  be necessary to sit. 

mulate  female  t ransformat ion ,  as was found, 
This would  not be expected on the basis of 

the << group effect >> theory,  

6. The p resen t  findings, al though not 

conclusive,  cast doubt  on the idea proposed  
by Li3scrmn (1955) that inh ib i to ry  phero-  

mones  are obta ined  from reproduct ives  via 

proc todea l  feeding.  Orphaned pseudergates  

were  not s ignif icant ly inhibited from trans- 

fo rming  to SRs when  fed large amounts of 

rectal  fluid f rom reproduct ives .  It was also 

found that  r ep roduc t ives  wi th  sealed anuses 

were  inh ib i to ry  for a week after SRs arose 

in o rphaned  controls .  

Supplementar ies  wh ich  eventual ly arose 

in the sealed anus exper iment  may have  

resulted f rom the release in inhibi t ion  

wh ich  occur red  when  sealed reproduc t ives  

died. GRnssI and SANDIAS (1893-1894) 

showed  that  the remova l  of reproduc t ives  

for 24 hours  was sufficient to induce  some 

t ransformat ion  in K. f lavicoll is .  We have 

seen in expe r imen t  5 that the cont inuous 

presence  of r ep roduc t ives  is necessary  to 

fully inhib i t  t ransformat ion .  For  the .same 

reason it is unl ikely  that the occasional  

b reaking  of the seal could account  for the 

inh ib i t ion  observed.  That  is, there  were  too 

many  days on wh ich  the seal was unbroken.  

Proc todea l  feeding may  there fore  have  

p r imar i l y  a nut r i t ive  funct ion and be essen- 

tial for t r ans fe r r ing  symbiot ic  protozoa to 

young larvae and freshly mol ted pseuder-  

gates. It  is of in teres t  that  the fungus-grow- 
ing termites,  w h i c h  lack protozoa,  do not 

engage in proc todea l  feeding (HARRIS and 
SANDS, 1965). 

In N. ]o~zteli the author  has observed that, 

al though all ind iv idua l s  in a colony engage 

in proc todea l  feeding, only a d v a n c e d l a r v a e ,  

pseudergates  and nymphs  engage in l ick ing  
behavior .  These t ransformable  forms l ick 

or groom the ent i re  bodies of each other  
and those of the two fixed castes. There-  

fore this could be a mechan ism of phero-  

mone  t ransmiss ion.  
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