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S U M M A R Y  

The effects of group size, t ime of year, and initial proport ions  of soldiers were 
explored in experimental groups of Reticulitermes flavipes (KOLLAR) and R. virginicus 
(BANKS). Groups were held in the laboratory for. 12 weeks. Small groups (500 to 
1000 workers)  produced a smaller percentage of soldiers than did larger groups (1500 to 
2500 ,workers). The number  of soldiers produced in a group is highly correlated ~vith the 
total number  of termites surviving. The average percentage produced for all group sizes 
was 1.75 for both  species. 

Production of soldiers in R, flavipes was highest  in colonies collected in April (2.0 %) 
and loveest in those collected in October (0.38 '%), Bimonthly observat ions of increases 
and decreases in soldier product ion indicate a seasonal cycle in developmental  potential .  

Presence of soldiers in groups inhibited the product ion of new soldiers. An 
abnormally high percentage of soldiers did not precipitate extensive ,e l iminat ion of 
soldiers. In addition, overloading groups with" soldiers (more than 1.75 %) did not  
adversely affect group survival. 

R E S U M E  

Production de soldats et maintien des proportions de soldats dans des Groupes 
Exp6rimentaux de Reticulitermes flavipes (Kollar) 

et de Reticulitermes virginicus (Banks] (Isopt6res: Rhinotermidae) 

Les effets dfis ~t 1~ taille du groupe, ~ l '6poque de l 'ann6e et aux propor t ions  initiales 
de soldats ont 6t6 explor6s dans des groupes exp6rimentaux de Reticulitermes flavipes 
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(KOLLAR) et de Reticutitermes virginicus (BANKS). On a 61ev6 des groupes en laboratoire 
pendant  12 semaines. Les petits groupes (de 500 ~t 1000 ouvriers) ont produit  un plus faible 
pourcentage de soldats que les grands groupes (de 1500 h 2000 ouvriers). Le nombre  de 
soldats produits  dans un groupe est hautement  corr6M au nombre  total de termites  qui 
survivent. Le pourcentage moyen observ6 darts t o u s l e s  groupes a 6t6 de 1,75 pour  les 
2 esp~ces 6tudi~es. 

La product ion de soldats chez Reticulitermes flavipes a 6t6 la plus 61ev6e dans les 
colonies pr61ev6es en avril (2 %) et la plus faible dans celles pr61ev6es en octobre (0,38 %). 
Les observations bimensuelles des augmentat ions et des baisses de product ion de soldats 
mont ren t  qu'il y a un cycle saisonnier du potentiel  de d6veloppement. 

La pr6sence de soldats dans les groupes inhibe la product ion de nouveaux soldats.  
Un pourcentage anormalement  61ev6 de soldats n 'a pas provoqu6 l'61imination massive 
de soldats. De plus, la surcharge des groupes en soldats (plus de 1,75 %) n'a pas affect6 
de faqon nuisible la survie du groupe. 

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

The  eco log i ca l  a n d  b e h a v i o r a l  f a c t o r s  g o v e r n i n g  s o l d i e r  p r o d u c t i o n  a n d  
r e g u l a t i o n  in t e r m i t e s  a r e  f u n d a m e n t a l  to  e v a l u a t i o n  of  t he  e f fec t s  of  i n sec t  
g r o w t h  r e g u l a t o r s  ( I G R ' s )  on s o l d i e r  p r o d u c t i o n .  C e n t r a l  to  th i s  s t u d y  is 
t he  p o s s i b i l i t y  t h a t  c o n t r o l  of  t e r m i t e s  t h r o u g h  the  p r o d u c t i o n  of  excess  
s o l d i e r s  a n d  the  s u b s e q u e n t  b r e a k d o w n  of  n o r m a l  c a s t e  p r o p o r t i o n s  m a y  be  
feas ib le .  The  F o r e s t  Se rv ice  has  b e g u n  a broad" r e s e a r c h  p r o g r a m  to s t u d y  
such  f a c t o r s  in t h r e e  spec ies  of e c o n o m i c a l l y  i m p o r t a n t  r h i n o t e r m i t i d s  
Reticulitermes flavipes (KOLLAR), R. virginicus (BANKS) a n d  Coptotermes 
[ormosanus SHIRAKI. The  k n o w l e d g e  g a i n e d  wi l l ,  we  hope ,  f u r t h e r  o u r  
e f f o r t s  a t  f i nd ing  a p r a c t i c a l  t e r m i t i c i d a l  a p p l i c a t i o n  for  IGR's .  

O u r  p r o g r a m  inc ludes  b o t h  l a b o r a t o r y  a n d  f i e ld  s t u d i e s ;  th i s  r e p o r t  is 
t he  s e c o n d  a r i s i n g  f r o m  o u r  l a b o r a t o r y  s tud i e s .  The  f i r s t  (HAVERTY, 1979a) 
set  f o r t h  t he  e x p e r i m e n t a l  des ign  u s e d  to  e v a l u a t e  t he  e f fec t s  of g r o u p  size 
a n d  c a s t e  p r o p o r t i o n s  on so ld i e r  d i f f e r e n t i a t i o n  a n d  m a i n t e n a n c e  of  s o l d i e r  
p r o p o r t i o n s  in g r o u p s  con t a in ing  on ly  -~vorkers a n d  s o l d i e r s  of  C. formosanus. 
I n  th i s  p a p e r  w e  e x a m i n e  s i m i l a r  r e l a t i o n s h i p s  fo r  R. flavipes a n d  R. virgini- 
cus, a n d  e v a l u a t e  the  in f luence  of  s e a s o n  u p o n  s o l d i e r  p r o d u c t i o n  in R. 
flavi pes. 

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

E f f e c t s  of  G r o u p  Size  on  P r o d u c t i o n  of  S o l d i e r s  
Externally undifferentiated larvae of at least the third instar - -  subsequently referred 

to as workers - -  from two field colonies each of R. flavipes and R. virginicus vcere used. 
Termites 'were collected from fallen pine logs or from bolts of southern yello~v pine 
placed around a log infested ~vith a particular species of termite. All colonies were 
collected in southern Mississippi ~vithin 60 km of Gulfport, between late April and early 
May, 1976. 

The initial group sizes xvere 500, 1000, 1500, 2000, and 2500 workers each. The 
experimental units were set up in screw-top canning jars of different sizes with tunneling 
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s u b s t r a t e  a t  a ra t io  o f  105 m l  o f  s a n d  a n d  2I m l  o f  de- ionized 'wa te r  f o r  e a c h  500 t e rmi t e s .  
I n  add i t ion ,  fo r  e a c h  100 t e r m i t e s  a 2.0 x 2.0 x 1.5 c m  b lock  o f  oven -d r i ed  s l a sh  p ine  
(Pinus elliottii E n g e l m .  var .  elliotti i)was p r o v i d e d  as food.  All w o o d  b locks  w e r e  f r o m  
the  s a m e  t ree .  T he  j a r s  c o n t a i n i n g  t he  t e r m i t e s  were  i n c u b a t e d  a t  24 -4- loC fo r  12 weeks .  
At t he  end  o f  12 'weeks t he  u n i t s  w e r e  d i s a s s e m b l e d  a n d  the  t e r m i t e s  c o u n t e d  by cas te .  

The  d a t a  were  s u b j e c t e d  to ana l y s i s  of  v a r i a n c e  u s i n g  a r a n d o m i z e d  c o m p l e t e  b lock  
des ign .  Co lony  w a s  the  b lock ing  f ac t o r  to s e p a r a t e  ou t  e r r o r  due  to d i f f e r e n c e s  b e t w e e n  
co lon ies  f r o m  e x p e r i m e n t a l  e r ro r .  E a c h  c o m b i n a t i o n  of  t r e a t m e n t  a n d  co lony  was  
r ep l i ca t ed  t h r e e  t imes .  R e s p o n s e  va r i ab l e s  w e r e  p e r c e n t a g e s  o f  so ld i e r s  ( so ld ie r s  a n d  
p r e s o l d i e r s )  in  t he  su rv i v i ng  t e r m i t e s  a n d  su rv iva l .  Before  ana ly s i s  all p e r c e n t a g e s  w e r e  
t r a n s f o r m e d  to  a r c s i n  of  t he  s q u a r e  root .  S ign i f i cance  o f  t r e a t m e n t  m e a n s  w a s  t e s t ed  
a t  t he  a = 0.05 level. M e a n s  w e r e  r a n k e d  a n d  s ign i f i can t  d i f f e r e n c e s  t e s t e d  w i t h  S t u d e n t -  
N e w m a n - K e u l s '  tes t .  

The  d a t a  were  also ana lyzed  by  l inea r  r e g r e s s i o n  to e v a l u a t e  t he  c o n s t a n c y  of  the  
to ta l  p r o p o r t i o n .  T he  to ta l  n u m b e r  o f  i n d i v i d u a l s  in t he  g r o u p  w a s  t h e  i n d e p e n d e n t  
var iab le ,  a n d  t he  n u m b e r  o f  so ld ie r s  a n d  p r e s o l d i e r s  'was t he  d e p e n d e n t  var iab le .  Da ta  
f r o m  each  co lony  we re  ana lyzed  s e p a r a t e l y  a n d  toge the r ,  by  spec ies .  

Ef fec t s  of  T i m e  of  Year on  So ld ier  D i f f e r e n t i a t i o n  in R. f l av ipes  
Every  2 m o n t h s ,  f r o m  D e c e m b e r  1976 t h r o u g h  O c t o b e r  1977, p ine  ba i t  bo l t s  were  

s a m p l e d  f r o m  five r a n d o m l y  se lec ted  co lon ies  o f  R. flavipes l oca t ed  in HARRISSON, JACKSON, 
a n d  STONE c o u n t i e s  in s o u t h e r n  Miss i s s ipp i .  The  bo l t s  c o n t a i n i n g  t he  t e r m i t e s  w e r e  
b r o u g h t  in to  t he  l abo ra to ry ,  all t he  t e r m i t e s  w e r e  ex t r ac t ed ,  a n d  w o r k e r s  r a n d o m l y  
se lec ted  fo r  u s e  in th is  e x p e r i m e n t .  We u s e d  a m i x t u r e  of  s a n d  a n d  v e r m i c u l i t e  to e n h a n c e  
su rv iva l  ove r  t he  12~week tes t  (HAVERTY, 1979b). E a c h  ha l f -p in t  (237 ml )  c a n n i n g  j a r  
w a s  fi l led w i t h  ca. 53 ml  of  oven-dr ied  s and ,  6.0 g ve rmicu l i t e ,  50 ml  of  de  - ionized wa te r ,  
a n d  five 2.0 x 2.0 x 1.5 c m  b locks  of  s l a s h  p ine  'were p r o v i d e d  as  food.  We a d d e d  
500 w o r k e r s  to e ach  jar .  J a r s  w e r e  i n c u b a t e d  a t  24 • I~ for  12 w e e k s ,  t hen  d i s a s s e m b l e d  
a n d  t h e  t e r m i t e s  c o u n t e d  a n d  iden t i f i ed  to cas te .  Five g r o u p s  o f  500 -workers  w e r e  
u s e d  f r o m  each  s o u r c e  colony.  

The  d a t a  w e r e  s u b j e c t e d  to ana l y s i s  o f  v a r i a n c e  u t i l iz ing  a c o m p l e t e l y  r a n d o m i z e d  
des ign .  Da t a  f r o m  the  five g r o u p s  f r o m  each  co lony  were  poo led  a n d  the  ave rage  
p e r c e n t a g e  o f  e ach  cas te  for  e ach  co lony  w a s  u s e d  as the  p e r c e n t a g e  for  e ach  repl ica t ion .  
As a r e su l t ,  t h e  va lues  for  e ach  t i m e  pe r iod  'were r ep l i ca t ed  f ive t imes .  The  r e s p o n s e  
va r i ab l e s  we re  p e r c e n t  so ld ie r s  ( so ld iers  a n d  p reso ld ie r s )  in t he  s u r v i v i n g  
t e r m i t e s  a n d  p e r c e n t  surv iva l .  B e fo re  a n a l y s i s  all p e r c e n t a g e s  w e r e  t r a n s f o r m e d  to 
a r c s in  of  t he  s q u a r e  root .  S ign i f i can t  t r e a t m e n t  m e a n s  w e r e  t e s t ed  at  the  a = 0.05 level. 
W h e n  t he r e  we re  s ign i f i can t  d i f f e r e n c e s  b e t w e e n  m e a n s  they  w e r e  r a n k e d  and  s ign i f i can t  
d i f f e r ences  t e s t e d  wi th  S t u d e n t - N e w m a n - K e u l s '  tes t .  

Ef fec t s  of  Var iab le  In i t ia l  P r o p o r t i o n s  of  So ld i er s  on  S o l d i e r  P r o d u c t i o n ,  
E l i m i n a t i o n ,  and M a i n t e n a n c e  

W o r k e r s  a n d  so ld ie r s  in v a r i o u s  p r o p o r t i o n s  ~vere u sed  f r o m  each  o f  f o u r  co lon ies  
of  R. flavipes o r  R. virginicus. Colonies  'were co l lec ted  in the  las t  2 w e e k s  o f  Apri l  1976 
in s o u t h e r n  Miss i s s ipp i .  E x p e r i m e n t a l  u n i t s  e a c h  c o n t a i n e d  500 w o r k e r s  a n d  w e r e  set  u p  
as  de sc r i bed  ea r l i e r  for  the  t ime-of -year  e x p e r i m e n t .  The  " n o r m a l "  p e r c e n t a g e  of  
so ld ie r s  w a s  a s sumed"  to be  1.75, the  ave rage  p e r c e n t a g e  d i f f e r e n t i a t i o n  f o u n d  a f t e r  12 weeks  
in the  tes t  o f  e f fec t s  of  g r o u p  size (See R e s u l t s  a n d  d i s cus s ion ) .  We set  up  g r o u p s  of  
t e r m i t e s  c o n t a i n i n g  a b n o r m a l  n u m b e r s  of  s o l d i e r s :  0, 0.44, 0.88, 3.50 a n d  8.75 p e r c e n t  
so ld ie r s  ; t h e s e  n u m b e r s  a re  0, 0.25, 0.5, 2.0 a n d  5.0 t i m e s  t he  " n o r m a l  " so ld ie r  pe rcen t age .  

1"he d a t a  we re  s u b j e c t e d  to a n a l y s i s  o f  v a r i a n c e  u s i n g  a r a n d o m i z e d  c o m p l e t e  b lock  
des ign .  Co lony  w a s  the  b l ock i ng  fac tor .  E a c h  c o m b i n a t i o n  of  t r e a t m e n t s  ( ini t ia l  pe rcen-  
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tage of soIdiers x colony).was replicated three times. Response variables were percent 
survival, and number and percentage of each of the following in the surviving termites:  
presoldiers, soldiers, and total soldiers. Before analysis all numbers were transformed 
to the square root and percentages to the arcsin of the square root. Treatment means 
were tested for significant differences at the a = 0.05 level, and significantly different 
means ranked and tested -~vith Student-Newman-Keuls' test. 

R E S U L T S  A N D  D I S C U S S I O N  

E f f e c t s  of  G r o u p  Size  on  P r o d u c t i o n  of  S o l d i e r s  

So ld i e r  d i f f e r e n t i a t i o n  a f t e r  12 'weeks in g r o u p s  of  va r i ous  sizes is s h o w n  

in tab le  I. The re  w e r e  no s ign i f i can t  d i f f e r e n c e s  in g r o u p  su rv iva l  in  e i t he r  

R. flavipes or  R. virginicus. The  a v e r a g e  p e r c e n t a g e  of  al l  so ld ie r s  ( so ld i e r s  

and  p r e so ld i e r s )  p r o d u c e d  fo r  b o t h  spec ies  -,vas 1.75. A s ign i f i can t ly  l o w e r  

p e r c e n t a g e  of  R. flavipes so ld ie r s  'was p r o d u c e d  in the  . sma l l e s t  g r o u p  as 
c o m p a r e d  to the  t h r ee  l a rges t  g roups .  No  such  d i f f e r ences  w e r e  f o u n d  fo r  

R. virginicus, a l t h o u g h  t he r e  'was a t r e n d  t o w a r d  s m a l l e r  so ld ie r  p e r c e n t a g e s  
w i t h  the  sma l l e r  g roup  sizes. A s i m i l a r  c o m p a r i s o n  of  g roup  size e f f ec t s  

'was r e p o r t e d  ea r l i e r  fo r  C. formosanus (HAVERTV, 1979a) a n d  there ,  too,  o v e r  

12 ~r a l o w e r  p e r c e n t a g e  of  so ld ie r s  'was p r o d u c e d  in the  s m a l l e r  g roups .  

Table I . -  Soldier differentiation (percent adult soldiers and presoldiers) and percen t 
survival of Reticulitermes flavipes (KOLLAR) and R. virginicus (BANKS) after 12 weeks, 
in groups originally composed of 100 percent workers but varying in  initial size (I). 

Table I. - -  Diffdrentiation des soldats (pourcentage de soldats adultes et de pr6soldats) et 
pourcentage de survie de Reticulitermes flavipes (KoLLAR) et de Reticutitermes virgini- 
cus (BANKS) apr~s 12 semaines, dans des groupes qui 6taient eompos6s initialement de 
100 % d'ouvriers de taille variable (1). 

Initial R. flavipes R. virginicus 

group size Soldiers Survival Soldiers Survival 

500 1.2c 69.1 1.3 63.5 
1000 1.4bc 62.4 1.4 68.9 
1500 2.0a 63.5 1.8 67.5 
2000 1.8ab 61.0 2.2 66.4 
2500 2.4a 63.8 2.1 68.4 

(1) Mean of three replicates from each of two colonies. Means in a column followed 
by the same letter or not followed by any letter are not significantly different at the 

= 0.05 level (Student-Newman-Keuls' test). 

The  to ta l  n u m b e r  of  so ld ie r s  p r o d u c e d  'was h igh ly  c o r r e l a t e d  (e < 0.01) 
w i t h  the  to ta l  n u m b e r  of su rv iv ing  i n d i v i d u a l s  in the  g roup  fo r  b o t h  t e r m i t e  

spec ies  ( r  = 0.56 fo r  R. flavipes a n d  r = 0.88 for  R. Virginicus, fig. 1). 
V a r i a t i o n  in the  p r o p o r t i o n  of  so ld ie r s  w a s  f o u n d  be t 'ween co lon ies  'wi th in  

each  species .  H o w e v e r ,  ,within each  co lony  the  n u m b e r  of  so ld i e r s  'was 
h igh ly  c o r r e l a t e d  ~with the to ta l  n u m b e r  of  s u r v i v i n g  ind iv idua l s  (r  = 0.91 and  

0.84 for  R. fIavipes and  r = 0.92 and  0.84 fo r  R. virginicus). 
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Fig. 1 . -  Relat ionship betnveen the n u m b e r  of soldiers (adul t  soldiers and  presoldiers)  
and  the total  n u m b e r  of termites  in di f ferent  sized groups of two species of 
Reticulitermeg. In  R. flavipes x and o represen t  separate  colonies. 

Fig. 1 . -  Relat ion ent re  le n o m b r e  de soldats  (soldats  et pr6soldats)  et  le n o m b r e  total  
de te rmi tes  dans des groupes de taille diff6rente des deux esp~ces de Reticulitermes. 

E f f e c t s  o f  T i m e  o f  Y e a r  o n  S o l d i e r  D i f f e r e n t i a t i o n  i n  R. f lavipes 

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

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

s ix  d i f f e r e n t  t i m e s  t h r o u g h o u t  o n e  y e a r  ( t a b l e  I I ) .  T h e  p e r c e n t a g e  o f  s o l d i e r s  

d i f f e r e n t i a t i n g  a f t e r  12 ' w e e k s  v a r i e d  f r o m  0.38 t o  2.00, w i t h  t h e  h i g h e s t  

Table I I . -  Soldier (percent  adul t  soldiers and  presoldiers)  d i f ferent ia t ion  and  percent  
group survival  a f te r  12 ~veeks in l abora tory  groups initially composed  of 500 R. 
flavipes ~vorkers collected f rom field colonies a t  2-month intervals  (1). 

Table I I . -  Diff6rentiat ion de soldats  (pourcentage  de soldats  adul tes  et  pr6-soldats) et 
pourcentage  de survie des groupes aprbs 12 semaines  dans des groupes  de laboratoi re  
qui  6talent  compos6s ini t ia lement  de 500 ouvr iers  de Reticulitermes flavipes pr61ev6s 
dans  des colonies naturel les  h interval les  de deux mois (1). 

Date of Collection Soldiers Survival  

Percent  
December  1976 0.76ab 78.8 
February  1977 1.36ab 65.8 
April 1977 2.00a 71.7 
June  1977 0.99ab 60.4 
August 1977 0.64ab 67.1 
October  1977 0.38b 58.6 

(1) Mean of five colonies for each t ime period. Means in a co lumn follo~ved by the 
same let ter  or  not  follo~ved by any le t ter  are not  s ignif icantly different  at  the ~ --- 0.05 level 
(Student-Newman-Keuls '  test). 
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p e r c e n t a g e  r e s u l t i n g  f r o m  A p r i l  c o l l e c t i o n s  a n d  t h e  l ~ w e s t  f r o m  O c t o b e r  

c o l l e c t i o n s .  T h e  d e c r e a s e s  a n d  i n c r e a s e s  in  p e r c e n t a g e s  i n d i c a t e  a c o n s i s t e n t  

t r e n d  o r  c y c l e  i n  s o l d i e r  d e v e l o p m e n t a l  p o t e n t i a l .  S o l d i e r  p e r c e n t a g e s  w e r e  

h i g h e s t  i n  t h e  m o n t h s  ( F e b r u a r y  a n d  A p r i l ) w h i c h  p r e c e d e  t h e  n o r m a l  f l i g h t  

s e a s o n  ( M a r c h  t h o u g h  M a y )  f o r  R. f lavipes (WEESNER, 1970). 

Effects of Variable Initial Proportions of Soldiers on Soldier Production,  
Elimination, and Maintenance 

T h e  p r e s e n c e  o f  s o l d i e r s  in  g r o u p s  o f  R. flavipes a n d  R. virginicus 
i n h i b i t e d  p r o d u c t i o n  o f  n e w  s o l d i e r s  a s  t h e y  d i d  in  C. formosanus  (HAVERTY, 

1979a). T h e  e x t e n t  o f  t h e  i n h i b i t i o n  i n c r e a s e d  a s  t h e  n u m b e r  o f  a d u l t  s o l d i e r s  

in  t h e  i n i t i a l  m i x  i n c r e a s e d  ( t a b l e  I I I ) .  T h e  m e a n  n u m b e r  o f  s o l d i e r s  i n  

Table III. - -  Soldiers and presoldiers of Reticulitermes flavipes (KOLLAR) and R. virginicus 
(BANKS), and group survival after 12 ,weeks, in groups of 500 termites  differing in 
initial mix of ~o rke r s  and soldiers (1) (2). 

Table III. - -  Nombre et pourcentage de soldats et de pr6 soldats de Reticulitermes flavipes 
(KOLLAR) et de Reticulitermes virginicus (BANKS), et pourcentage de survie apr6s 
12 semaines dans des groupes de 500 termites qui avaient au d6part  des propor t ions  
vari6es d 'ouvriers et de soldats (1) (2). 

Initial After 12 'weeks 

Treat- Variation Group 
ment  Number  Percent Number Percent in number  survival 

WO SO WO SO PS SO PS SO of SO & PS (percent)  

R. flavipes 
I 500 0 100.0 0.0 1.2a 2.6e 0.4a 0.7e + 3.8 69.7b 
2 498 2 99.6 0.4 0.3b 3.7de 0.1b 1.1de + 2.0 67.8b 
3 496 4 99.1 0.9 0.3b 5.1d 0,1b 1.4d + 1.4 72.4ab 
4 491 9 98.2 1.8 0.3b 8.3c 0.1b 2.3c - -  0.4 72.9ab 
5 483 17 96.5 3.5 0.1b 16.4b 0.0b 4.5b - -  0.5 74.3a 
6 456 44 91.2 8.8 0.0b 38.7a 0.0b 10.3a - -  6.2 75.5a 

R. virginicus 
1 500 0 100.0 0.0 0.6a 4.5d 0.2a 1.1d + 5.1 79.0 
2 498 2 99.6 0.4 0.8a 4.9cd 0.2a 1.3cd + 3,7 77.0 
3 496 4 99.1 0.9 0.3b 5.4cd 0.1b 1.Scd + 1.7 75.2 
4 491 9 98.2 1.8 0.3b 6.5c 0.1b 1.7c - -  2.2 76.1 
5 483 t7 96.5 3.5 0.0b 10.5b 0.0b 2.7b - -  6.5 76.7 
6 456 44 91.2 8.8 0.0b 22.8a 0.0b 6.3a - -  21.2 73.1 

(1) Mean of the three replicates from each of four colonies. Means in a column 
followed by the same or not followed by any letter are not significantly di f ferent  at the 

= 0.05 level b.y Student-Newman-Keuls '  test. 
(2) WO -- worker,  PS = presoldier,  SO = soldier. 
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t reatments  1 to 3 increased after  12 -weeks for both species of Reticulitermes. 
The mean number  of soldiers in t rea tments  4 to 6 decreased markedly  in 
R. virginicus, but only slightly in R. flavipes. 

In R. flavipes the percentages of soldiers in all t rea tments  increased 
above their initial percentages ;  hcrwever, t rea tments  1 to 3 had not  yet 
reached 1.75 %, the assumed normal  percentage of soldiers af ter  12 ,weeks 
(table III) .  With R. virginicus, t rea tments  1 to 3 had very similar soldier 
percentages ,vvhile t rea tment  4 remained  approximately the same as it 'was 
initially. The percentage of R. virginicus soldiers in t reatments  5 and 6 
decreased below the initiaI percentage. For  both  species the percentage of 
presoldiers and soldiers (1.1 and 1.3) in t rea tment  1 after 12 weeks ,was almost 
identical to that found in groups of 500 workers  reported in table I. 

The design of our experiment unfor tunate ly  does not allo, w us to assess 
'whether, at the higher initial soldier percentages ( t reatments  4 to 6), produc- 
tion of new soldiers 'was completely suppressed,  or rather,  ne"~v soldiers were 
produced and new or old soldiers subsequently eliminated. What  is clear, 
however, is that  the termites did not  initiate eliminations of soldiers extensive 
enough to bring their overall p ropor t ion  d~wn to a ,, normal  ,, level. Such 
eliminations have been suggested as a mechanism for social homeostasis  for 
other  termites (STUART, 1972). 

Contrary to the results 'with Coptotermes formosanus (HAVERTY, 1979a), 
overloading experimental groups of R. flavipes or R. virginicus with an 
abnormal ly  high percentage of Soldiers (5 times normal)  did not adversely 
affect group survival (table I I I ) .  With C. formosanus, which has a normal 
soldier percentage of 24.0 (HAVERTY, 1979a), a three-fold overload of soldiers 
means that 28 percent of the populat ion ("workers or pseudergates)  suddenly 
mus t  feed 72 percent  of the populat ion,  "whereas 'with the t~,vo Reticulitermes 
species the largest propor t ion of soldiers -teas 8.8 percent  of the total. If  one 
considers a normal  Reticulitermes, colony, -when numerous  larvae and nymphs  
are present, the workers  are probably  caring for  more than 15 percent  of 
the total population. Therefore, the t ro.phic load placed on R. flavipes and 
R. virginicus in this study is no",vhere near t h e  trophic load that  "was placed 
on C. formosanus 'workers (HAVERTY, 1979a), and indeed may fall -r162 the. 
normal  range for these Reticulitermes species. 

It  appears that al though R. flavipes and R. virginicus do have an optimal 
percentage of soldiers (ca. 1.8-2.0 %), groups are able to tolerate much  higher 
percentages ,without adverse effects on group survival, at least over a 12Jweek 
period. This suggests that if termite  colonies are to be controlled by man 
by increasing their soldier percentage above that 'which they can feed, the 
percentage forced upon the colony needs to be ,well above that  -which is five 
times ,, normal  ,, for either of these Reticulitermes species. Thus we 'would 
agree ,with LENZ (1976) that control  of termites  simply through the product ion 
of excess soldiers, and the subsequent  breakdo'wn of normal  caste proport ions,  
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m a y  p r o v e  d i f f i cu l t  un less  the  p e r c e n t a g e  of  i nd iv idua l s  d i f f e r e n t i a t i n g  to 

the  so ld ie r  cas te  is e x t r e m e l y  h igh -pe rhaps  g r e a t e r  t h a n  50 %. But ,  as o u r  
e a r l i e r , w o r k  d e m o n s t r a t e s  (HowARD and  HAVERTY, 1978 ; HnVERTY a n d  HOWARD, 

1979), i n sec t  grc~wth r egu la to r s ,  such  as m e t h o p r e n e ,  no t  only  i n c r e a s e  so ld i e r  

p r o d u c t i o n ,  b u t  a lso  e l i m i n a t e  the  t e r m i t e s '  p r o t o z o a n  sym b io t e s .  Th is  addi- 

t i ona l  b u r d e n  m i g h t  'well a l l cw  f o r  succes s fu l  con t ro l ,  even  t h o u g h  so ld ie r  
p r o p o r t i o n s  do no t  r each  levels  of 50 % or  g r ea t e r .  R e s e a r c h  is in p r o g r e s s  

to tes t  th is  hypo thes i s .  
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